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The Present State of the Chemistry of 1,4-Benzodiazepines

A.V.Bogatskii and S.A.Andronati

Derivatives of 1,4-benzodiazepines have found wide application as minor tranquilisers. Moreover, compounds of this class are
of interest for the investigation of problems in stereochemistry, tautomerism, and mutual effects of atoms in heterocyclic
systems and also for the determination of the relation between pharmacological activity and structure. This review deals
with the methods of preparation and the chemical properties of 1,4-benzodiazepines and also their dihydro- and tetrahydro-
derivatives and the stereochemistry and applications of these substances.

The bibliography includes 195 references.
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I. INTRODUCTION

The chemistry of 1,4 -benzodiazepines has been attract-
ing increasing interest each year. The reason is that
7-chloro-2-methylamino-5-phenyl -3H -1,4 -benzodiazepine
4-oxide [Chlordiazepoxide, Librium, Eleniumf, and
Thymosinet (I)], 2 7-chloro-1-methyl-5-phenyl-1,3-di-
hydro-2H -1,4-benzodiazepin-2 -one [Diazepan, Valium, or
seduxenet (II)]® and their derivatives have proved to be
exceptionally effective tranquilisers of a new type*:

w (1)

On the other hand, the chemical reactions of these
systems and their stereochemistry and tautomerism proved
to be unusual. The range of studies carried out so far
includes systems resembling (I) and (II) with various sub-
stituents in the rings, A, B, and C, systems with non-
benzene substituents in the 5-position, tetrahydro-deriva-
tives, and also derivatives of 1,4-benzodiazepine with
various functional groups. One review has been published
on the chemistry of 1,4-benzodiazepines covering the
literature up to 1963.4 In the general reviews on dia-
zepines ® and benzodiazepines ® a number of problems are
notdealt withat all, for example the problem of the stereo-
chemistry of 1,4-benzodiazepines and their tautomerism,
and extensive new data have now accumulated which were
not considered in previous reviews. Moreover, although
the first derivative of 1,4-benzodiazepine, namely 4-(N-
phenylacetamido)-3,4 -dihydro-5H -1,4-benzodiazepine-3,5-
dione was sythesised as early as 1904 by Giirtner?, the
chemistry of these structures has developed essentially
only in the last ten years. The present review covers the
bibliography up to 1969 inclusive.

1 Tentative spelling (not traced) (Ed. of Translation).
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. METHODS OF SYNTHESIS OF 1,4-BENZODIAZEPINE
SYSTEMS

1. 3H-1,4-benzodiazepines

Fully unsaturated 1,4-benzodiazepines were synthesised
for the first time in 1959 by Sternbach and coworkers, but
the problem has had a fairly long previous history.

In 1891 Auwers and Meyenburg? reported that, in the
reaction between oximes of o-carbamoylaceto- and o-car-
bamoylbenzophenones (III) and a Beckmann mixture, water
is split off with formation of acylindazoles (IV). However,
these “acylindazoles” were not hydrolysed to indazoles as
might have been expected, but were reconverted on hydrol-
ysis into acetamido-oximes, which threw doubt on the
proposed structure (IV):

T
. /NHCOR' AN
| =y I] >N :
N/ Nc=N—oH NN
R @ R oav

Three years later Bischler? proposed formula (V) for
these substances, whereby they were assigned to the class
of benzoxadiazepines. This formula was adopted by all
investigators, including Auwers himself, although the latter
believed that the proof of structure (V) was insufficiently
vigorous 1°,

A=K
| 0 -
LJ \C’=N/
R" )
In 1954 Ried and Stahlhofen ! observed that benzoxa-

diazepines combine with two molecules of hydrogen over
Raney nickel and are converted into dihydroquinazolines.
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These investigators suggested that compound (V) is hydro-
genated to product (VI), which eliminates water and is con-
verted into dihydroquinazoline (VII):

N/
(\” N=C ’ l] \C—R
\/\clﬂ_NHa N/Ne ’H/
R R
v v

Almost simultaneously Sternbach carried out the follow-
ing synthesis in order to obtain structures of type (IX),
i.e. benzoxadiazepines with basic substituents:

| _CHCl
NHCOCH,C
HC— ﬁ/ : Beckmann Hsc—l " C\O
N rearrangement
HC—{ J—C=N—OH HC—{ } /
CgHs (VITI) |c -
4415
l(CHahNH
N CH,N(CHy)s
\ 2
He—y \C—-Cl—lgN(CH,).. ~N=c{
I e (Y
Raney Ni
H,C—
3C \/\C/ /\C N/
&, X C, %)

However, on reduction by the method of Ried and
Stalhofen the product (IX) gave a high yield of the quin-
azoline (X) instead of the expected 3,4 -dihydroquinazoline
of type (VII).

On the basis of the work of Schmitz 2, Katritzky!3, and
others in the field of heterocyclic N -oxides, Sternbach
established that the Auwers compounds have the structure
of quiaazoline N -oxides (XI):

N,

l/\[/ \ _RI

NAer Yo
R.
(X1

This was indicated by the presence of an intense absorp-
tion band in the region of 1318—-1290 em ™, which is usually
attributed to the N — O bond¢, Soon structure (XI) was
finally proved also chemically 25,

By allowing methylamine to react with 6-chloro-2-
chloromethylquinazoline-3-oxide (XII), Sternbach obtained
a compound isomeric with the expected 6-chloro-2-methyl-
aminoquinazoline 3 -oxide, but differing in its ultraviolet
and infrared spectra. A more detailed study showed that
this is the 4-oxide of 7-chloro-2-methylamino-5-phenyl -
3H-1,4-benzodiazepine (I, trivial name—Chlordiazep-
oxidel):

N

\C—CH,CI
le\ cHNH, (1) |
/NN 0
L,

(XI1)

According to Sternbach?, the rearrangement occurring
during the reaction of (XII) with methylamine takes place in

i The names Librium and Elenium were given to the
hydrochloride of Chlordiazepoxide.
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three stages. The carbon atom in the 2-position of the
quinazoline (XII) has a partial positive charge owing to the
inductive effect of the N—O group. The first stage is the
nucleophilic attack by methylamine on this carbon atom,
the second stage includes the dissociation of the C—N bond
between the 2-carbon atom and the N -oxide nitrogen, and
the third stage is the formation of a new C—N bond between
the amine oxide nitrogen and the methylene carbon atom
with elimination of a chloride ion. The seven-membered
ring is in fact formed in this third stage.

A similar rearrangement with ring expansion takes
place when (XII) reacts with ammonia, primary aliphatic
amines 2,18, hydrazine!?, and sodium methoxide!®. In the
latter case the product is 7-chloro-2-methoxy-5-phenyl-
3H-1,4-benzodiazepine 4-oxide (XIH), which is obtained
also when diazomethane reacts with compound (XXVIII). 18,1°

In some cases the reaction of (XII) with primary amines
also gives 2-aminomethylquinazolines (XIV) as side prod-
ucts2°, This type of reaction with secondary amines leads
to aminoquinazolines. Only the normal substitution prod-
uct is formed in the reaction of diethylamine and pyridine.
The reaction of 2-dichloromethylquinazolines (XV) with
methylamine leads to bismethylamino-derivatives of 1,4~
benzodiazepines (XVI): 2t

N,

OCH,
A “C< Ne—CH,NHR c-cncn,
l J CH, | ‘ llv ‘ “ CHsNH,
c1”’\ \C=N<0 Cl/\/\c/ ~No R/\/\c/ \O
| |
CoHy CaHy COHD
(X111) (X1v) (XV)
NHCH,
N\ /
LJ CH—NHCH,
R/ Neanl
[ Yo
CeHy
Xvn)

A necessary condition for the rearrangement is the
presence of the N -oxide group. Without this group,
quinazoline reacts with amines to form substitution prod-
ucts. Quinazolines with electron-donating substituents in
the 6- and 8-positions also do not undergo the rearrange-
ment. The method described permitted a synthesis of
3H -1,4 -benzodiazepine N -oxides (XVII) with a large num-
ber of a wide variety of substituent51 2,15-37,

N—'C/ R
IJ\C_

3H -1,4-Benzodiazepines without the N -oxide group can
be obtained by the reduction of the corresponding N -oxides
or by the reaction of 1,2-dihydro-3H -1,4-benzodiazepine-
2-thiones with amines or alkylating agents 38:

(XV1I)

_/SCH,

Nﬁ
5
A 2% cr o=/
.
NH—CY M "

CH, Q (X1X)
a — \ O
CoHs A
xvun AN
] CH,
M=y

CeHy
(XX) .
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As already stated, 1,4-benzodiazepine derivatives are
distinguished from the isomeric quinazolines by their
infrared and ultraviolet spectra. In the infrared spectra
of 1,4-benzodiazepine there is an intense absorption band
in the region 1620—1605 cm-! and a second intense band in
the region 1590-1580 cm~!, while quinazoline has only two
weak bands in this region?, at 1605 and 1550 cm™,

2. 1H-1,4-Benzodiazepines

Only two compounds of this series are known. One of
these, compound (XXI), was obtained by the cyclisation of
the corresponding di-imine (XXII): 3°

N=CH—N (CHas N /NH—CI{
k/ - /C—CONHCHI
o \C=N-CH.C—NHCH oN" N \(I!—-—N
C.H. Celly
(XXI1) (XX1)

The second derivative (XXIII) is obtained as a side
product in the acetylation of 2-amino-7-chloro-5-phenyl-
3H-1,4-benzodiazepine 4-oxide:

H N,
/\/"“C< A

C—CH,
c= N/c

7 Y

|
CeHs
(XXIII)

3. 5H-1,4-Benzodiazepines

When acted upon by potassium t-butoxide, the 3-oxides
of dihydroquinazolines of type (XXIV) form the N -oxides of
aziridinoquinazolines (XXV), 194! which readily isomerise
on heating to derivatives of 5H -1,4-benzodiazepines
(XXVI):

N=CH
NN s/ CHiCl A \I/ % e
R KOC(CHy)s C-R 2 J -
y /N\ k " | a’\ \?H—( ,
a C a/\\s MO H,
& G,
(XXIV) (XXV) (XXVI)

where R = H or CH,.

4, 1,2-Dihydro-3H-1,4-Benzodiazepines

When an inorganic acid is allowed to react with an
acetyl derivative of Chlordiazepoxide (XXVII) under mild
conditions, the hydrolysis product (XXVIII) 22 is identical
with the substance formed when a solution of the hydrochlo-
ride of compound (I) is allowed to stand in the cold for a
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long time§. Alkaline hydrolysis of the acetyl derivative
yields the initial 1,4-benzodiazepine (I):

CH, 0
N NH—~c
_c” NcocH, N/
N/ N _C\CH * He " /CH:
2
ct” N Ne=N
N/ \c —-N/ | No
a N o CeHy

[
o (XXVIID)

(XXVII)

Similar compounds are readily obtained by the reaction
of the 3-oxide of 6-chloro-2-chloromethyl -4-phenylquin-
azolines with alkali“,%5, This process resembles the
rearrangement (described above) which occurs in the course
of the synthesis of compounds of type (I) from the corres-
ponding quinazolines. Here the attacking nucleophilic
agent is the hydroxide ion*5,

By treating 2-chloroacetamidobenzaldehyde p-oxime
(XXIX) with alkali, Auwers %2 obtained a substance, towhich
he attributed the structure of benzoxadiazocine (XXX), but
later it was shown that the substance is in fact the 4-oxide
of 1,2-dihydro-3H -1,4 -benzodiazepin-2-one (XXXI): 47

HCOCH;CI
H=NOH

(XX1X)

NH—CO\ o

CH—I\/
(XXX)
NH—CO

7
H=N/
(XXXD)

Under these conditions 5-chloro-2-chloracetamido-
benzophenone B-oxime (XXXII) cyclises to the N -oxide
(XXVII), 2 which is also formed from the hydroxylamine
derivative (XXXTII) in an acid medium8-8};

. NHCOCHCI HONHCH,OCNH,

| -
a’ ' Nconon O, xxviI)
|
CeHy
(XXXII)

I\
O= C/\)\Cl
H,

C. s
(XXX111)

A number of homologues and analogues of compound
(XXVII) having the general formula (XXXIV) have been
synthesised by these methods 22,44 -53;

The reduction of the 4-oxide of 7-chloro-1-methyl-5-
phenyl-1,2-dihydro-3H -1,4 -benzodiazepin-2-one yielded
compound (II), which also proved to be a tranquiliser and
was given the trivial name Diazepam. The high activity
of compounds of this kind stimulated the synthesis of
analogues and homologues of compound (II).

Several methods are known for the preparation of 1,2-
dihydro-3H -1,4 -benzodiazepin-2-one from aromatic and

§ Like the 4-oxide of 2-amino-7-chloro-5-phenyl-3H -
1,4-benzodiazepine, this compound is a product of the
metabolism of Librium in the human and dog organisms 43,
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aliphatic-aromatic o -aminoketones. The simplest synthe-
sis is based on the condensation of o -aminobenzophenones
with glycine or its hydrochloride or the hydrochloride of
the ethyl ester of glycine 3,5¢-56:

0 G e
l H,NCH,COX A AN
CH;
/\/\ _ 2 .
ci Cc=0
| Ve Ya v
CeHy |
CeHj
(XXXV) (XXXVI)

Sometimes the amino-group in glycine is protected by a
benzyloxycarbonyl or phthaloyl group%57-%°,  Syntheses
have been described where one obtains initially halogeno-
acetamidobenzophenone (XXXVII), which is then converted
into the amino-derivative (XXXVII) and cyclised to
(XXXVI). 28,%,81  Sometimes the dihydroquinolone (XXXIX)
is then obtained as a side product.

3-Hydroxy-1,2-dihydro-3H -1,4-benzodiazepin-2 -ones
may be obtained by treating 2-chloroacetamidobenzophe-
none a-oximes (XL) with alkali, with the intermediate
formation of the benzoxadiazocine (XLI), which is readily
converted into benzodiazepine:

NH~COCH2CI NHCOCHgNHz . NH

N

xxxvnieectd t r “ - ( N (|3=0
Ve VaN AN C—NH,
cl c 0 c 0
a” Y N\
Ccﬂs CcHs |
CqHs
(XXXV])

(XXXVII) (XXXVIIY (XXXIX)

7-Chloro-3 -hydroxy-5-phenyl-1,2 -dihydro-3H -1,4 -benzo-
diazepin-2-one (XLII) [the active principle of the medicinal
preparation Oxazepam (or Adumbran)] was synthesised in
this way 52:

NH—CO NH—CO _/NH—CO,
ad
' CH,Cl OH-, CHy o, ” >_0H
VA YA 0 NN\ e
c C=N cl C==N
|~ NoH AN Ne==N" |
CeH; | CeH;
(XL) C:Hs (XLII)

(XLI)
Together with 0 -aminophenones, o~-aminoketimines
(XLIIO) may be employed as the starting materials for the
synthesis of 1,2-dihydro-3H -1,4-benzodiazepin-2-ones. %3
Another way involves the reaction of the ketimines with
bromoacetyl bromide, which leads directly to compounds

ft XLIV): &
of type (XLIV) iR,

0
Rx/ \/\C=NH

|
Ry

(XLIIT)

~+H,NCHR,COOR BrCHyCOBr

= |

i

NHR, /NR,—CS
( @ e |
R/ N N\C=N—CHRCOOR R, “e=n"
&, R,
(XLIV)

CH,COOH \A /

e

RN Neeen

h,
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The reaction of alkaline agents with phthalimido-deriva-
tives of type (XLV) also leads to 1,2-dihydro-3H -1,4 -benzo-
diazepin-2-ones %5:

CH,

I!I—COCH2CI

o /\moc,u. (“)
\co—

(XLV)
The 1,2-dihydro-3H-1,4-benzodiazepine system is
formed on oxidation of aminoindoles (XLVI) with chromium
trioxide %e:

cx/L\/\CH N

R R
| |
™ =
2 .
a’ N/ CoHy /N \c——N/
&,
(XLVI)

1,2-Dihydro-3H -1,4-benzodiazepin-2-ones can also be
obtained by the reduction of N -oxides of type (XXVIII) or by
oxidising tetrahydro-1,4-benzodiazepines or 1,2-dihydro-
3H-1 4-benzod1azepmes

Substituents in the 1-position are usually introduced by
alkylating the benzodiazepinone.

Recently many analogues and homologues of com-
pound (II) having the general formula (XLVII) have been
obtained 3,28—25,44’57-94:

Ry

|
R,\/\I/N~C><R,
Rx/ ‘\IJ\?—N R,

R R v

The conversion of the carbonyl group in 1,2-dihydro-
3H-1,4-benzodiazepin-2-ones into a methylene group leads
to 1,2-dihydro-3H -1,4-benzodiazepines 8,998,  However,
when the initial lactams are reduced by lithium, aluminium
hydride or hydrogen in the presence of a Raney nickel,
tetrahydro-1,4-benzodiazepines (XLIX) are formed in addi-
tion to the dihydro-derivatives of type (XLVII):

\ ANt NG
(XXXVD-> I CH, + I CH, |
RN NCeeN RN NN
| |
CaHy Cably
(XLvi) (XLIX)

A more convenient method is the reduction over Raney
nickel of the thiones (XVII), 1% whichare readily obtained
from the corresponding carbonyl compounds.

1,2-Dihydro-3H -1,4-benzodiazepine (XLVIIl, R = H) may
be obtained by the cyclisation of phthalimidoethylamino-
benzophenone (L):

o
NH—CH, VAN
Ll \ﬁ\,
RN Nc=0
|
CoHs
L
where R = H.

Another version of the reaction considered is the con-
densation of o0 -aminobenzophenones with aziridine in the
presence of aluminjum chloride. This reaction has a very
low yield 5,
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Finally, yet another procedure whereby compounds with
a methylene group in the 2-position may be obtained is
based on the reaction of o-chlorobenzophenones with di~
amines!®, Then the yields of the dihydro-derivatives are
higher when a nitro-group or CF, group is present in the
para-position relative to the chlorine atom. With 2,5-
dichlorobenzophenone, the yield is only 10%. The open-
chain compounds (LI) may be formed in this reaction
together with 1,4-benzodiazepines (XL VIII):

— (XLVII)
/\/ HN,_
L§ + CH,
R/ / \c__ (|:H, h—
N/ NH—CH
b TN o,
RN Nc=0

|
CgHs (LD

The 4-oxides of 1,2-dihydro-3H ~1,4-benzodiazepines
were synthesised from the 1-acetyl derivatives (XL VII).
Thus, when 1-acetyl-7-chloro-5-phenyl-1,2-dihydro-
3H-1,4-benzodiazepine (LII) is treated with peracetic acid, an
oxaziridine derivative (LIII) is obtained and then converted on
heating into the isomeric N -oxide form (LIV). The acetyl
group may be eliminated in an alkaline medium ®;

CH,CO CHyCO CH4CO
N—CH, Nec z'v-cn,
l \CH CH,COO0H N *\ r\ N\, OHy
/\J\ 7 I a2 J Pkt =
a o a N B a/ N Nen
]
CeHs C.I-L\O/ CeHy \o
(L (L) Lv)
NH—CH,
(0
c1/\ \c_N
R
CH, ©

v

The formation of compound (L.VI) on reduction of 7-chloro-
2-methyl-5-phenyl-3H -1,4-benzodiazepine 4-oxide (LVII)
with sodium borohydride has been described 4

N=
j/ , NiBH, ( /NH_
N YA J
/N iy N/o o \c.__N
CoHa
(Lv1) (va)

5. 3,4-Dihydro-5H-1,4-benzodiazepines

As stated above, the first 1,4-benzodiazepine synthe-
sised was 4-(N -phenylacetamido)-3,4-dihydro-5H -1,4~
benzodiazepine-3,5-dione (LVIII). Trichloroethylidene-
anthranilic acid was converted into the phenylhydrazide
(LIX) by condensation with phenylhydrazine and then by
treatment with water into compound (LX), which reacted
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with acetyl chloride to give the acetyl derivative (LXI). Its

vacuum distillation gave compound (LVIII): 7

N=CHCl, N=CH~C—Cl Ne=CH
'/ j/ HNNHGJH, | r J " “ \C=O
I
N/ \cooH c.H. /" \COOH I;IH
(LIX) »Im
CeHs
LX) ,
HC,COC!
=l
rJ c_o - J C=0
\CooH {\lm
b N—cocu, II‘1~C0CH.
écl"[b CeH,
(LVIIN) (LX1)

T-Chloro~5-phenyl-3,4 -dihydro-5H -1,4 -benzodiazepin -~
5-one (LXII) is formed by the cyclisation of compound
(LXIH), obtained by the reaction of 5-chloroisatoic anhy-
dride with aminoacetophenone 193,104;

CeHs

f’j /NH. c—c.H, . r\, /N—_—-C\

CHy,
CHy | /N \C—-Nl-{ o/ \J e’
I

/NH\ /0
7 O=C

7 YA
0 H,

(LX111) (LX)

Similarly 2-(o-chlorophenyl)-3,4-dihydro-5H-1,4-benzo-
diazepin-5-one is obtained from w-amino-o-chloroaceto-
phenone and isatoic anhydridei%, Another method for the
preparation of 3,4-dihydro-5H -1,4-benzodiazepines consists
in the reduction of the homologues and analogues of Chlor-
diazepoxide with lithium aluminium hydride.

6. 1,2-Dihydro-5H -1,4-benzodiazepines

Representatives of this system are fairly unstable, i.e.
they readily isomerise to 1,2-dihydro-3H-1,4 -benzodi-
azepines. They are obtained by treating 4-tosyl(or-
methanesulphonyl)tetrahydro-1,4-benzodiazepin-2-ones
with sodium hydride!% or ethoxide®° in an anhydrous non-
polar solvent:

0
4
NH-—C
(\/ .
NaH I /CH
T o/ \CH-N
- CiHa , LX) |
E / \CH CiHy
—
a”s \CH—N/
%:IHF"‘ (XXXVI)

where R = p-tosyl, methanesulphonyl, or OCOCH;. When
the reaction is carried out in a polar solvent or aqueous
solution, the more stable isomer (XXXVI) is formed.
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When treated with sodium hydride in dimethylform-
amide, 1-tosyl(or methanesulphonyl)-1,2-dihydro-3H-1,4-
benzodiazepines (LXV) form the vinylimines (LXVI) and not
the 1,4-benzod1azepine derivatives:

wre |

N—CH.
( J CH,
a’y \c N /"\C=N—CH=CH, ,

|
CeHy
(LXV) (LXVI)

7. 1,2,3,4-Tetrahydro-5H-1,4 -benzodiazepines

These compounds are largely obtained by the reduction
of the corresponding carbonyl derivatives and N -oxides by
complex metal hydrides or hydrogen in the presence of
catalysts (palladium, nickel, and platinum), 95,98,108,107
When acted upon by LiAlH, and NaBH,, the N—O group is
converted into N—-OH.

Diazepinophenothiazine (LXVII) undergoes reductive
desulphuration on Raney nickel with formation of com-
pound (LXVIII): 108

7 N— CeH,

N/ \ 1

S/ \N* , RaneyNi NS N_CH’

Ne=e—" ( CHs .

<\ \/ \/ \CH, -—NH
(LXVID) (LXVIID)

By allowing ethylene bromide to react with the diamide
(LXIX), a ditosyl derivative was obtained, which on treat-
ment with sulphuric acid was converted into (XLVII, R =
H) 109

Ts

o/ NH—Ts N /1\3 CHy
} " +Br(CH,),Br~r /cu,—»(xux),
N/ CH—NH~Ts \/ NCH-—N
CoHs H.é. by
where R = H.,

The reaction of formaldehyde and formic acid with
tropanylethylenediamine (LXX) gave tropanyl derivatives
of 1,4-benzodiazepine !t%!11, Tt is suggested that compound
(LXXI) is formed as an intermediate, the intramolecular
rearrangement of which gives tetrahydro-1,4-benzodi-
azepine (LXXII):

rmcn,cn,n—c,u5 HOCH, CH,CH,N—C°H5 .
R
Hﬂ

CHS CHa

(LXXV) (LXXID

(LXX)
&n,
1,2,3,4-Tetrahydro-5H -1,4-benzodiazepin-2-ones are
obtained from aminoesters of type (LXXIII), which are
formed when [0 -aminophenyl(phenyl)|methylamines are

treated with bromoethyl acetate or o -aminobenzyl chlo-
rides are treated with glycine ethyl ester *12-115;

o
I
/NH—C\
- | CHa |
€1 N/ \CHNHCH,COOC,H;, €17/ \(\:H-—NH

|
CeHs CoHs
(LXXIII)

N /NHg
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Derivatives of tetrahydro-1,4-benzodiazepin-2-one
(LXXV) were synthesised by heating phthalimide deriva-
tives of type (LXXIV) in aqueous potassium carbonate solu-
tion and subsequent treatment of the product with hydro-
bromic acid in acetic acid *!6:

(\, /NRCOCHgHBl /NR—CO\
CH,
co—" :
c” /\‘CH—N< r " -. Cl/\/\CH—NH/
CO—
he N/ Ae
(LXXIV) (LXXV)

The reaction of NaBH, with the quaternary salt (LXXVI)
leads to the selective reduction of the C=N bond (the
carbonyl group is then retained):

0

NH—c{ NH——C

N/
| e (T S

a NN a’ \CH ¥
| | |
CeHs CHy I CeHs CHj
(LXXVI)

7-Chloro-1,2,3,4-tetrahydro-5H -1,4 -benzodiazepin-3 -
one (LXXVII) 47 was synthesised from 5-chloro-2-ethoxy-
carbonylmethylaminobenzophenone according to the follow-
ing mechanism:

N, /NH=CH, NS
1 COOC,H; NHOH ] B
/"M Nc—0 N N\Cc=N—0H
CgHs CeHs
o/ NH—CHy Ili
- | " COOCH, A N /N—CHz\
¢t/ NCHNH, C=
(ll‘l-[, "N NeH—N
{ |
CHs H
(LXXVI)

The 1,2,3,4-tetrahydro-5H -1,4 -benzodiazepin-5-one
system is a component of the structure of the cytotoxic
antibiotic anthramycin (LXXVII) and its simpler analogue

(LXXIX):
oC,

M I
[0

c—NH,
i
Y]

The structures of these compounds, their stereochemistry,
and intramolecular transformations have been investigated
in very great detail and described in a number of papers by
Leimgruber and coworkers 819,  Compound (LXXX) was
synthesised by these investigators as a model using the
following procedure:

NH\ HOOC NH—C NH
7
(f.=0 + HN —— @ — @
0 : N e — .
o] o] o

(LXXX)

The synthesis of a compound in the 1,2,3,4 -tetrahydro-
5H -1,4-benzodiazepin-5-one series was ﬁrst described by
Santilli and Osdene'®, However, later it was established
that the substance which they assumed to be 1-tosyl-1,2,3, -
4 -tetrahydro-5H -1,4-benzodiazepin-5-one has in fact the
structure of the isomeric oxazoline 194120, The same
investigators !*! achieved the synthesis of compound (LXXXI)

(LXXVUD

!
(LXXIX) q NH,
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from the amide of N -benzylanthranilic acid according to the
mechanism

CH,y—CyHs <|2H.C.Hu

l/ ll NH-CHCHy 0 r“ _/N—CH,CH,0H e r\“ /N—CH,CH,Cl

\/\C—NH, /\(‘_NH’ \/\C—NH,
I

(LXXXI)

A number of various derivatives of 4-arylalkylamino-
1,2,3,4-tetrahydro-5H -1,4 -benzodiazepin-5 -ones (LXXXII)
were synthesised from o -nitrobenzoylhydrazines 122:

NO,

NO,
0 -0
RN \Iclz—l\u-nsm2 2 \,c—NH—N=CHR,

]

[e]

¢
cooc.l-xls

( NH—CH , NH,
R/\/\c__N>C R \fll—NH—NHCH,R, .

s NHCH,R,
(LXXX1)

1,2,3,4-Tetrahydro-5H -1,4 -benzodiazepin-2,3 -diones
are formed when 1,2,3,4-tetrahydro-5H -1,4-benzodi-
azepines and their 2-carbonyl derivatives are oxidised with
CrO, and also on treatment with alkali of 3-acetoxy-1,2-
dihydro-3H -1,4 -benzodiazepin-2-one via the intermediate
3 —hydroxy-derivative 123,

o 0
I I
NH— A A NH—C
)\ CHOCCH, k CHOH_ ~ r “ /C—.:O.
a’™ b a \c_N 1/ N/ N\cH-NH
CeHs
(Lxxxm) (LXXXIV)

Cyclopenin (LXXXVa) and cyclopenol (LXXXVb), meta-
bolites of the fungi Penicillium cyclopium Westling and
Penicillium viridicatum Westling 124,125 are derivatives of
1,2,3,4-tetrahydro-5H -1,4- benzodxazepm -2,5-dione 1%,

The structure of (LXXXVa) was confirmed by synthesis 127, 128,

PN
| | \—_\O/CH—/ Y (a~R=H; b—R=0H).
N\co—n

!
CHs

(LXXXV)

There are several synthetic procedures for the prepa-
ration of the 2,5-diones. One of these consists in the
reductive cyclisation of o-nitrobenzamides of type

(LXXXVI): 120 -138
NO, CIOOH NH—CO
2 ]
H-—R .
(N Pd/C) O——n
o R

(LXXXVD)
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The amide of o -aminohippuric acid (LXXXVII) splits off
piperidine on heating in acetic acid and is converted into
the 2,5-dione (LXXXVIII). Its 1-benzyl derivative (XI) is
obtained by treating with ammonia the methyl ester of
N -benzyl -N -bromoacetylanthranilic acid (LXXXIX): 134,135

0
I
NH, s NHC
] (L
N \C—NHCH,—C—N N/Nc-NH
! N ]
0
(Lxxxvu) (LXXXVIII)
CH,3CeHs CI:HnCoHa
A N—CO - N—CO\
(| om0
N/ \c—0cH, \CO—NH
i
(LXXXIX) (X0

A similar process takes place when o-chloroacetamido-
benzamides (XCI) are treated with bases such as sodium
methoxide and potassium carbonate 136-138;

e}

R
N—((J
NaOCHx E :/
CO b'
(XCh

FI\'~—C0
| CH ,Cl

However, it has been observed %9140 that in certain
cases the reaction yields a quinazoline and not a benzodi-
azepine derivative. Thus, like compound (LXXXIX), the
methyl ester (XCII, R = CH;, Hal = Br), gives 1-phenyl-
1,2,3,4-tetrahydro-5H -1,4 -benzodiazepine-2,5-dione
(XCIm), while N -acetyl-N -phenylanthranilic acid (XCII,
R = H, Hal = Cl) cyclises to the isomeric quinazolinone
(XCI1V):

>
7 1\

C—NHR'
I

CeHy CH, ©
| }q C/
SN /\/ —<
“ C—-CH,OH b. R=H; Hal=Cl l\ CH,Hal 2 R=CHy:Hal=Br
/
e NC—0R
j
0 (XCIv) (xcir
g
NN
d " /cu, .
N/Nc—nNH
I
b
(XCII)

1,2,3,4-Tetrahydro-5H -1,4 -benzodiazepin -3,5-diones
were obtained by the Michael reaction from anthranilic
acid amides and the dimethyl ester of acetylenedicarboxyl-
ic acid via the intermediate compound (XCV): 141,142

CHCOOCH,
OOCH, I

r\/NH—C\

NaOCH,
—_——

J C=0
/N \cﬁNH' OCH,
I

o)
(XCV)
CHCOOCH,
i
NH—C
NN
- ) c=0
X NNeni
3
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IIl. STEREOCHEMISTRY OF 1,4-BENZODIAZEPINES

In 1967 Mannschreck et al. 3 investigated by NMR the
intramolecular mobility of various azepines and diazepines,
including 2-phenylamino-3H -1,4-azepine [Dibenzamil
(XCVI) and similar compounds]. According to their data,
in deuterated acetone compound (XCVI) (and similar sub-
stances) exist in the boat form, which undergoes inversion
at a temperature as low as —55° + 7°C between two con-
formations (a) and (b) 258 times per second. The free
energy of activation for the process (a)=(b) proved to be
10.2 + 0.4 kcal mole~!., An approximately the same barrier
(17 kcal mole—*) was found also for 7-chloro-1-methyl-5-
phenyl-1,3-dihydro-2H -1,4-benzodiazepin-2 -one:

NHC,H,

Ha _Hs  (xcvp

—
—

N

NHCgH;

(a)

Somewhat later Nuhn and Bley 4,145 found that at room
temperature the methylene protons located near the 3-C
atom of compound (II) gives rise in the spectrum to a
typical AB-quartet with Av = 144 Hz (spectrometer with
vo = 100 MHz) and Jgy’ = 10.5 Hz. At a temperature as
low as 32°C the lines of the quartet begin to blur and at
127°C the protons of the methylene group contribute to a
singlet peak.

Thus at room temperature the Diazepam (II) molecule
exists in a conformation which does not undergo inversion
and the conformational inversion of the system begins only
at 32°C. The conformational stability of compounds
(XCVID) and (I) is lower. The inversion of their confor-
mations begins at —65° and —10° respectively.

The values of AH* are respectively 15.9 + 0.4 kcal mole™
for (II), 10.9 + 1.1 kcal mole~ for (I), and 11.0 + 0.3 kcal
mole-! for (XCVI), while the AS* are 5.1 + 1.0 kcal mole™
deg™! for (IT), 3.4 = 4.5 kcal mole-! deg™! for (I), and
13.3 + 0.9 kcal mole* deg™ for (XCVII).

The higher conformational stability of compound (II)
compared with (XCVII) and (I) can be accounted for by an
increase in the rigidity of the system on introduction of a
methyl substituent in the 1-position of the benzodiazepine
ring:

0 W,
1 N e NHCH,
NGy a HsCq N===C g
CH, N=—C Pt o
/ NHCH, C==N .
NO C]‘:N /C-———N\
&, éhs 5 “ Hy, Ha

(XCVID (la) (1b)

It is also interesting that the lowest entropy of activation
is observed for compound (I), which indicates a lower
probability of the formation of a transition state in this
case, probably because the nature of the transition state
for substance (I) differs significantly from that of the tran-
sition state formed on conformational inversion of com-
pounds(IT) and (XCVII). 1t is not difficult to see that in the
transition state formed by the inversion of conformation (I)
considerable electrostatic repulsion may occur, which
evidently effects the probability of the formation of such a
system,

By comparing the spectra with Dreiding's models, Nuhn
and Bley concluded that the most probable conformation of
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the above systems is the boat form¥. Consequently the
above investigators arrived at the general conclusion that
compounds (I), (), and (XCVII) have a non-polar confor-
mation, which is probably the boat form, and inversion of
the type (Ia)=(Ib) is observed after definite temperature
barriers have been overcome.

Karle and Karle 47 showed by X-ray diffraction that
7-chloro-5-(2,4-dichlorophenyl)-1,4-dimethyl-4,5-dihydro-
3H-1,4-benzodiazepin-2-one (XCVIII) crystallises in the
triclinic space group with two molecules in the unit cell,
the dimensions of which are as follows: a = 8.84 A; b =
10.18 A; ¢ = 10.80 A; =93°51’; B =112°31"; vy =

101°39".
o
r\/“‘""<O
) .

'\ \<|:H—N<C .
H
l/\ﬂ c1 G
Y xevin
¢

The nitrogen atom in the 1-position is planar while that
in the 4-position is pyramidal, which contributes to the
difference between their basicities.

The -—(‘E——C—N— l

H,
ted by 50°C relative to the condensed benzene ring. On
the basis of the above calculations of the bond lengths and
valence angles in the molecule, the authors!47 assert that
the configuration of the compound corresponds to a distor-
ted “boat”, the 5-phenyl and 4-methyl groups being in the
trans -positions with respect to one another:

— group is almost planar but is rota-

Cl

It follows from the above that only the first steps have
been taken in the study of the stereochemistry of the sys-
tems under consideration. Despite the valuable informa-
tion obtained recently, important problems such as the
question of the preferred conformation of the ring and the
factors influencing the stability of the conformation have
still not been resolved unambiguously. Further study of
the problem will help in the development of the chemistry
of 1,4-benzodiazepines and will undoubtedly promote fur-
ther development of modern stereochemistry.

IV. PROPERTIES OF 1,4-BENZODIAZEPINES

1. Certain Characteristics of the Structure and Tautomer-
ism of 1,4-benzodiazepine

The study of the infrared spectra of lactams of type
(XCIX) leads to the conclusion that in the crystalline state
and in concentrated solutions these compounds form asso-
ciation complexes via intermolecular hydrogen bonds.

1 7-Chloro-5-phenyl-1,3 -dihydro-2H -1,4 -benzodi-
azepin-2-one and its N -oxide exist in the same preferred
conformation 1€,
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The interaction of (XCIX) with the molecules of polar sol-
vents (chloroform, pyridine) also has a distinctive effect.
The electronic influence of the substituent in the 7-position
on the absorption frequency of the carbonyl group can be
readily traced in the spectra of crystalline specimens of
compound (XCIX).

(o)

N\

NH~C
Hy

\n/

RN J \c—
Gy (XCIX)

The carbonyl band in the spectrum of the compound
with R = NO, is displaced by 20 cm~! towards higher wave
numbers compared with the spectrum of the compound with
R = CH,; and by about 10 cm™ compared with the spectrum
of the compound where R = Cl, 148

An electron-accepting substituent, for example a nitro-
group, increases the polarisation of the carbonyl group and
displaces the carbonyl absorption band towards higher wave
numbers, as happens in other examples known from the
chemistry of the aromatic series!4®, An electron-donating
substituent causes the opposite shift of the absorption band,
while substituents with —J and +C effects (halogens) have
an intermediate influence. It has been found that the rela-
tive changes in the shift of the carbonyl absorption bands
as a function of the substituent in the 7-position are satis-
factorily correlated with Hammett's ¢ constants.

Usually investigators? regard the bands at 1620-1605
cm-! and 1580—-1590 cm™ as characteristic of this system,
but this assertion is so far insufficiently supported by
evidence although empirically it is probably reliable.

Three tautomeric forms may be suggested for compounds
of type (XCIX):

OH o OH
4 NH=C NH—C
ANTC AN N N
([ = [ = [
RN/ Nc= R /NCc=— N R N/ NN
| | |
CeHy CeHy CaHy
(@ (XCIX) ®)

In the crystalline state and in acid and neutral solutions,
(XCIX) exists in the lactam form, as shown by the infrared
spectra and the chemical properties of the compound. In
the presence of bases the lactim or enol forms may be
produced, which has been demonstrated by ultraviolet
spectroscopy at different pH of the medium, The changes
in the position of the long-wavelength absorption band
(Amax = 320—370 nm) are of greatest interest. The bath-
ochromic shift of this band in alkaline and acid media (to
Amax = 350—370 nm) compared with the neutral medium
(*max = 320 nm) may be accounted for by an increase in
the conjugation chain, which occurs as a result of the
quaternisation of the fourth nitrogen atom (in an acid medi-
um) and the formation of the lactim form (XCIXa) (in an
alkaline medium).

The choice of structure (a) in preference to (b) was
made on the basis of the finding that the ultraviolet spectra
of 1-substituted and unsubstituted benzodiazepines are
identical in neutral and alkaline media.

2. Hydrolysis of 1,4-Benzodiazepines

Acid hydrolysis under mild conditions of the N -oxides
of 3H#-1,4-benzodiazepines or their acetyl derivatives leads
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to the N -oxides of 1,2-dihydro-3H -1,4-benzodiazepin-2-
ones. 22150, Under more severe conditions, 7-chloro-2-
methylamino-5-phenyl-34-1,4-benzodiazepine is hydrolysed
to 2 -amino-5-chlorobenzophenone, glycine, and methyl-
amine?,

The acid hydrolysis of 1,2-dihydro~3H -1,4-benzodi-
azepines (XL VII) takes place with the opening of the seven-
membered ring and the formation of the salt (C), which on
treatment with alkali cyclises to the initial compound :

/NH—CH,\
H+ /CH2 .
XLVH]) 7——=
¢ ) oi- ci”' N/\¢c=0 H;N

Ca,
©

where R = CI.

7-Chloro-3-hydroxy-2-methylamino-5-phenyl-3H-1,4-
benzodiazepine (CI) is hydrolysed by acids to quinazoline-
aldehyde (CII): 152

NHCH,4 “ c
AN= NN CHO
‘ | CH—OH Ho* AN )

V4 ci’ N Ne

A/ e=n |

CeHs CeHs

1) (CIn)

When treated with hot 756% sulphuric acid, the 2,5-dione
(LXXXVII) is converted into anthranilic acid %4,

Alkaline hydrolysis of 1,2-dihydro-3H-1,4-benzodi-
azepin-2-ones (XXXVI) and their 4-oxides (XXVIII) leads
to the aminoacid salts (CIII) and (CIV) respectively, which,
however, react differently with acids: compound (CIII)
decomposes into 0 -aminobenzophenone and glycine and
compound (CIV) cyclises to the initial product 22,%;

- N/ \ /NH:
oxexxvy 2. (XXVIID
€17/ C=N~CH,COOH €1’/ \C=N—_CH,COOH |,
| b
CoHy CeHy O

(CI1) (C1v)
1,2,3,4-Tetrahydro-5H -1,4 -benzodiazepine-2,5-diones
(LXXXVIO) are not decomposed by alkali, in contrast to
the 3,5-dione (LVII), which is readily cleaved by a hot
sodium hydroxide solution to the phenylhydrazide (CV): 7,134

=CH

| I
J\coou NH—NHCqH
cV)

The alkaline hydrolysis of 3-acetoxy-1-acetyl-1,4-
benzodiazepine (CVI) gives the 3-hydroxy-derivative (CVI),
while under more severe conditions it rearranges to the
indole derivative (CVII): 158

CH,—c_o CH,—C=0 T{
/N C}{,\ T . N /N—CHg CH(OCHjy),
( H CHOCCH, 2~ r ” CHOH el ni ‘ ”
cn/\/\c—N/ a” N Ne—er a” \c,H.
|
CGH,, CeHs

{CvIn) (CVIID)

[(&1%)]
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When an aqueous alcoholic solution of compound (CIX) is
refluxed with barium hydroxide, an aminoacid derivative
(CX) is formed2:

NHCH,
/
Ne—C
SN S
¢ N
N S (1
a1\ cH—NH N \CH—NHCH.COOH
CeHs Cal’lg
(CIX) (CX)

It has been shown for 7-nitro-5-phenyl-1,2-dihydro-
3H -1,4-benzodiazepin-2-one (XCVII) that the seven-mem-
bered ring is opened when acted upon by methylamine 3°7:

o NH—CO N
' ” CH, CHiNH, [J CH,CONHCH,
N / / *
NO,” N Ne—=N NO,” N Nc=N
|
CoHs CsHs
(CX1)

The heterocyclic ring in the 2,5-dione (LXXXVII) is
cleaved under the same conditions 134,

3. Acylation of 1,4-Benzodiazepines

When benzodiazepines of the “Chlordiazepoxide” type
are acetylated, various derivatives are obtained depending
on the reaction conditions !51,35¢, Thus the acetylation of
compound (I) with acetic anhydride in pyridine at room
temperature leads to the 2-acetyl derivative (CXII). When
Chlordiazepoxide is treated with hot acetic anhydride or
acetyl chloride in dimethylformamide, a rearrangement of
the Polonovskii type takes places with formation of the
3 -acetoxy-derivative (CXII). Prolonged heating of com-
pound (I) with acetic anhydride gives the 3-acetoxy-2-
acetyl derivative (CXIV):

/COCH,
AN
AN
CH,
Ac,0, CGH,N ‘ “ 2
T a’\N\e=N
1N
0 — CeH; O (CX1I)
NHCH
Ac,0, A | Ac,i&\:l /\/N=C< 3
or SH_0COCH,
’ /N Nc=N
|
CH;  (CXIN)
X <c0c1-1,,
wN=e ey
| CHOCOCH,
a”’ v/ \(’I' N/
CeHs  (CXIV)

1,2-Dihydro-3H -1,4 -benzodiazepin-2-ones are capable
of being acetylated when their sodium salts are acted upon
by acetyl chloride !5;

CH;3CO o
{\I 7
1. CH,0ONa N _C\
OXXVD. — e | CHa

a’ N/ \c=N/

|
CoHs

T The corresponding amidine is also formed as a
side product in this reaction 52,
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Like compound (I), on treatment with acetic anhydride
the N -oxides of 1,2-dihydro-3H -1,4-benzodiazepin-2-ones
(XXVIII) undergo a rearrangement in which the N -oxide
oxygen atom migrates to the carbon atom in the 3 -position
forming 3-acetoxy-1,2-dihydro-3H -1,4-benzodiazepin-2-
ones (CXV). Further reaction with acetic anhydride leads
to compound (CXVI); 123,156

CHCO
6,o /o
AN AV N

oxxvin A0, CHOCOCH, 2% ” CHOCOCH,,

40 l
c,/\)\c__N A/ N Nen”

| |
CHy  (CXV) CeH; (CXVI)

When 1,2 -dihydro-3H -1,4-benzodiazepin-2 -ones (XXXVI)
are treated wtih a mixture of acetic and peracetic acids
and acetic anhydride, 3-acetoxy-derivatives (CXVI) are
immediately obtained 57,

Other reactions of compounds of type (XXXVI) on treat-
ment with acylating agents will be discussed below.

1,2-Dihydro-3H -1,4-benzodiazepines are acylated in the
1-position by acid anhydrides and chlorides 9,183, 1t is
interesting that the acylation of 1,2,3,4-tetrahydro-5H-1,4-
benzodiazepine with p -toluenesulphonyl chloride in pyri-
dine gives only the 4-tosyl derivative!®, which indicates a
higher basicity of the nitrogen atom in the 4-position:

N'H CH, N
( TsCl l I

\/ CH, NH

4. Alkylation and Alkoxylation of 1,4-Benzodiazepines

1,4-Benzodiazepines are alkylated preferentially in the
1- and 4-position when they or their sodio-derivatives are
treated with the usual alkylating agents %224, The methyla-
tion of the 2,5-dione (LXXXVII) gives a mixture of the
1-methyl and 1,4-dimethyl derivatives 17,

Owing to the different basicities of the two nitrogen
atoms in 1,2,3,4-tetrahydro-5H -1,4 -benzodiazepin-2-ones,
1- or 4-alkyl or 1,4-dialkyl derivatives may be obtained
depending on the reaction conditions 76, The reaction of
compound (XXXVI) with methyl iodide gives the quaternary
salt (CXVII): 4

NH—CO,
o NN
OXXXVD —gH,co~ | CH,
Cl/\/\C=ﬁ/
| | T
CeH; CH, (CXVII)

On treatment with methyl iodide in the presence of
sodium hydride, Chlordiazepoxide (I) is converted into the
2-dimethylamino-~derivative (CXVIII): 158

CH,
3
o 2z () J
a”/ M N\c= N
| N
CeH; O (CXVIII)
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When compounds (XXVII) and (XXXVI) react with diazo-
methane, the O-methyl derivatives of the 3H -1,4-benzodi-
azepine system (CXIX) are formed: !7s15°

,OCH,
N=
N/
) o
a”™ \c=N/

|
CoHs

xxxvl) —Sas

(CXIX)

3-Halogeno-derivatives of 1,4-benzodiazepines are
converted into the 3 -ethoxy-derivatives when acted upon by
ethanol %5;

(o]

I - AP
/NH=C I~ —C
) CHCl _ CH,0H | I CHOC:H;
/N N e=N A’ Ne—
| |
CgHy CqHj

By alkylating 1,2-dihydro-3H -1,4-benzodiazepin~2 -ones
unsubstituted in the 1-position, a large number of com-
pounds of this series with various substituents at the N,
atom} were obtained. In many cases this method is used
to synthesise more complex condensed systems. For
example dihydroimidazo- and tetrahydropyrimido-[1,2-a]-
1,4-benzodiazepines were obtained in this way 161,162;

(CHa)Cl S N
\
XXXVI 1. NaH /\/N—co\ 1. KI N‘C\—
¢ ) T BT l ” CH: 5 NF, I .
1’ N N\ c==N a’ N/ \C=N/
| |
CgHs CeHj

5. Oxidation of 1,4-Benzodiazepines

Several examples of the oxidation of these substances by
peroxides have been described.  1,2-Dihydro-3H-1,4-
benzodiazepin-2-ones may be converted into the 4-oxides
by treatment with hydrogen peroxide?2, 1,4-Benzodi-
azepin-2-ones unsubstituted in the 1-position (XXVI, CXIV)
react with peracetic acid to form the 4-oxides.

Under these conditions, 1-acetyl-7-chloro-5-phenyl-
1,2-dihydro-3H -1,4-benzodiazepine (LII) forms the oxa-
ziridino derivative (LIIO), which on heating is converted
into the N -oxide (LIV).

2-Acetylmethylamino-3H -1,4-benzodiazepines are
oxidised by peracetic acid to compounds of type (XXVIII). 150

Mercury(Il) oxidises 4,5-dihydro-3H -1,4 -benzodiazepin-
4 -ols to N -oxides of type (I). 168

When acted upon by RuO,, CrO,, SeO,, or AgO, dihydro-
and tetrahydro-1,4-benzodiazepines (CXX and CXXI) and
tetrahydro-1,4-benzodiazepin-2-ones (CXXI and CXXIII)

1 It proved possible to synthesise in this way all the
metabolites of 7-chloro-1-(diethylaminoethyl)-5-(2-
fluorophenyl)1,2-dihydro-3H-1,4-benzodiazepin-2-one
observed previously in the urine of patients receiving
this preparation !6%161,
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are converted into dihydro-1,4-benzodiazepinones (II) and
compound (CXXIV) 112,164,165 regpectively:

CHg CH,4 o
' C
\/"—C"*\ / —
J\ CH, RuO, _ (fI) _RuO, _ k CH,
a/ N een” a’/ \|CH o
(|:po (CXX) CeHs  (CXXI)
NH—CH, NH—CO
N/ ’\ o, VA N 0,
CHy — [ CH,
RN e’ RN ey’
lc.H. (CXX1I) (ll.H, (CXX1V)
( I /NH—CO
R/ CH—NH
(I:.H, (CXX11I)

where R = H.

However, it should be noted that 1 -alkyltetrahydro-1,4-
benzodiazepines are oxidised to the dihydrobenzodiaze-
pinones only by RuO,, while CrO,;, SeO,, and AgO oxidise
compounds (CXX) to the monocarbonyl (CXXI) or dicarbonyl
(CXXV) derivatives of tetrahydro-1,4-benzodiazepines:

CH; O
| I

N—o©C
Y AN
=0 ,

/ /N Ncuon”
(CXX) ﬂ’—'\ &H (CXxXv)

(CXXD

where R = CH,.

3-Hydroxy-1,2-dihydro-3H -1,4 -benzodiazepin-2 -ones
(CXXVI) are oxidised by ruthenium tetroxide to the unstable
a-dicarbonyl derivatives (CXXVII): 165

R
o /,&—co N co
r | esion s ( =0 R=H, CHy,
A’ NNty /\c
LH,  cxxvy (';,;H5 (€XxvII)

When 7-chloro-2-methyl-5-phenyl-1,2-dihydro-3H-1,4-
benzodiazepine 4-oxide (CXXVII) is oxidised with MnO,,
the 4-oxide of 7-chloro-2-methyl -5-phenyl-3H -1,4-benzo-
diazepine (CXXIX) is obtained:

CH,

x ”'
/NH-—-CH o
ML || CH.
CI/\/\C_N a /\/\I: —~
b, o &b
(CXXVII) (CXXIX)

6. Reduction of 1,4-Benzodiazepines

The N -oxides of 1,4~benzodiazepines are reduced to the
corresponding deoxy-compounds by phosphorus trichloride
or hydrogen in the presence of Raney nickel 2,
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The N -oxide group is reduced to N—OH by complex
hydrides [LiAlH,, NaBH,, (CH,),NBH,], hydrogen on a
platinum catalyst and in the presence of Raney nickel, and
also by Grignard reagents. Apart from the N-oxide group,
the adjacent C=N double bonds are also reduced and in the
case of N -oxides of 1,4-benzodiazepines LiAlH, reduces
the carbonyl group to the methylene group?,9816s,

The 4-oxides of 5H -1,4-benzodiazepines are reduced by
complex hydrides to 1,2,3,4-tetrahydro-5H -1,4-benzodi-
azepines4., In contrast to other 1,4-benzodiazepine
N -oxides, compound (CXXX) is reduced by sodium boro-
hydride to (CXXXI), i.e. in this case a selective reduction
of the C=N bond in the 1,2-position without involvement of
the N—O group is observed :

/CHy C|H’
N=C NH—CH
I/\H/ \CH _ReBH. , (ﬂ/ \CH.
2
a/Neen” /NN
| N
L b CH, O
(CXXX) (CXXXT)

Chlordiazepoxide (I) is reduced in different ways by
hydrogen on palladium and platinum catalysts: in thefirst
case the reduction proceeds with elimination of chlorine
from the 7-position and the oxygen from the N—O group,
while in the second case the N—O group and the adjacent
C= N bond are reduced?:

/NHCHs /NHCH,
A P OV N
( H CH, (5~ CH, .
NNen” a/ N e’
|
ICQH5 CeHy  (CXXXII)

The attempts to reduce further compound (CXXXII) by
hydrogen in the presence of platinum were unsuccessful.
Compound (I) is reduced at a dropping mercury electrode
in three stages, which corresponds to three polarographic
waves 166;

/NHCH, /NHCH,
N=C N—=C
7
+2— F/ \ 26~ ad \ +2-~
O~ CH, Lo l CH, —pomw
c”’ \\/ NC=H 1N/ CH—NH
[
CoH CH
o NHCH,
N /NH—CH\
- CH,

a/ N Ncu_ww”

|
CsHs

(CXXXIIT)

In the first stage the N -oxide group is reduced, in the
second stage the azomethine bond in the 4,5-position, and
in the last case the double bond in the 1,2-position. How-
ever, it proved impossible to isolate compound (CXXXII)
by the preparative electrochemical reduction of (CXXXI)
owing to its instability and ready conversion into the
dihydroquinazoline (CXXXIV) with elimination of methyl-
amine 167:

N,

PAVAN
C—CH,
e
/N N\et”
(’:.,H,., (CXXXIV)
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oy

el "l -

The azomethine group 18-reducedfolarographically in
1,2-dihydro-3H -1,4-benzodiazepin-2-ones of type (II), 168-1"
The mechanism of the reduction of 7-nitro-5-phenyl-
1,2-dihydro-3H -1,4 -benzodiazepin~2-one (CXVI)§ is more

complex, since this compound contains another polaro-
graphically active group (NO,). In the first stage, cor-
responding to the first wave, the nitro-group is reduced to
the hydroxyamino-group. In the second stage (second
wave) in an acid medium the azomethine bond and the
hydroxyamino groups are reduced, the latter to the amino-
group.

In an alkaline medium only the azomethine bond is
reduced in this stage 189,170;

(XCvIn W

o~/ NH—CO
acid medium /r ” /CH’
e A N/ NcH—
_CO, H,N H—NH
e ]
(I - b
N / NH—CO,
HOHN/ N/ C==N alkaline medium NS E
CoHy A R l ‘ /H’-
HOH,N/ "\ \CH NH
CGHa

The benzodiazepinone (XXVII) is also reduced on a
palladium catalyst with elimination of chlorine and N -oxide
oxygen atoms, whereas treatment with hydrogen in the
presence of platinum results in the formation of compound
(CXXXV): 22,4,172

NH—CO
N
| fl CHa
NN
]
CoHs
N /NH—CO\
“ /CH’l
€17 N NcH=N
| N
CeHs

HCI, C,H.OH

(XXXVII) —

B

(CXXXV)

Compounds (XXXVI) and (CXXXVI) are reduced on a
platinum catalyst to the 1,2,3,4-tetrahydro-5H-1,4-benzo-
diazepinones (CXXXVII) and (CXXXVII) respectively 22 103;

CeH;

NH CO N=—C

VA
B (] e |

H,
J CH, e
a’/ \CH NN Neong”

i
C.H, 0O
(CXXXVII)

(XXXVI) —5ts

(CXXXVI)
C[.Hs
NH—C
AN/
i,

a’ \J Ne—nn”
I
(CXXXVIII)

When compounds (XXXVI) and (LXXXVII) are reduced
with lithium aluminium hydrides, a mixture of dihydro- and

§ The active ingredient of the familiar sedative
“Mogadon” [“Mogadan”, “Nitrazepam”, “Eunoctine”
(tentative spelling—Ed. of Translation)].
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tetrahydro-derivatives is formed, while 1,4-disubstituted
diones give only the tetrahydro-derivatives (CXL): 9,107,134

/NH— CH, «/NH— cu,
e () o]0
\/ \CH, g Nci=e=n"

(LXXXVIID)

R

[n&

s
(CXXXIX) (CXL)
Dihydro-derivatives of 1,4-benzodiazepines of type
(XL VII) are reduced to tetrahydro-1,4-benzodiazepines by
lithium aluminium hydride and hydrogen on platinum and
palladium catalysts 9,

Y NH\H -

\/\c R

7. Nitration of 1,4-Benzodiazepines

Benzodiazepines unsubstituted in ring A are nitrated in
the 7-position. When 7-substituted 5-phenyl-1,3-dihydro-
2H -1,4-benzodiazepin-2-ones are nitrated, derivatives with
the nitro-group in ring C occupying the meta -positions are
obtained!”, Consequently the 1,4-benzodiazepine system
behaves as an electron acceptor in relation to the benzene
ring. Further nitration leads to the substitution of hydro-
gen by a nitro-group in the 9-position!™ and in the nitra-
tion of tetrahydro-1,4-benzodiazepines substitution also
takes place in ring C, but this time in both the meta- and
para-positions and not the meta -position only.

8. Halogenation of 1,4-Benzodiazepines

1,2-Dihydro-3H -1,4-benzodiazepin-2-ones with a very
mobﬂe chlorine atom in the 1-position can be obtained by
the reaction of the lactams (CXLI) with organic or mineral
hypochlorites %,

The chlorine atom readily migrates to the carbon atom
of the substituent in the a-position relative to the seven-
membered ring provided that there is at least one hydrogen
atom at this carbon atom. If there are two or three such
hydrogen atoms, they are all successively substituted by

chlorine atoms:
cl

8] |
NH—C/ N—CO,
N o
H \CHz NaOCl ) H, —2
/N Nen" a/ NN’
L, (cxuy CH,

NH—CO, N—
O N (S
Cl/\/\czN/ a’N \(':=N
Emcn CH,CI
(CXLID)
o] Cl
NH——c/
. E\”/ _ NaoCt | J XHa A,
a —N/ a’N
CHCI, &ney,
(CXLII)
N /NH—CO\
- | CH,
a’N Ne——n""

|
CCly  (CXLIV)
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The chlorine atoms in compounds of type (CXLII),
(CXLII), and (CXLIV) can be readily replaced, by the
usual procedures, by a CN group or amino-residues.

When chloro-derivatives of type (CXLV) in solution in
dimethylformamide are refluxed with lithium carbonate or
bromide, a molecule of HC1 is split off with formation of a
double bond in the af-position of the substituent at Cy:

NN—C NH—CO\
Q{ 4, LICOp LiBT N
* T Tha “Ha

— /c I

Cl AN
(CHy), (CHy)
(CXLV)

There are data showing the successful halogenation of
1,2-dihydro-3H -1,4-benzodiazepin-2-ones by N -halogeno-
compounds !’®, However, according to Bell's results 3,
the bromination of compound (XXXVI) by N-bromosuccin-
imide does not give the required 3-bromo-derivative. The
latter was obtained by the action of N -bromosuccinimide on
an isomer of compound (XXXVI)—7-chloro-5-phenyl-1,2-
dihydro-5H -1,4-benzodiazepin-2-one5°,

9. Amination of 1,4-Benzodiazepines

The sodium salts of lactams of {type (XCIX) can react
with chloramine to form 1-amino-derivatives (CXLVI), 177
which are readily deaminated by nitrous acid:

ITHz
1. NaH; 2. NH,0H \ﬂ/ N_CO\

(XCIX)

HNO,
x N Ne=n"
tC.H, (CXLVI)
3-Amino-derivatives (CXLVIII) are obtained when solu-
tions of 3-chloro-1,2-dihydro-3H -1,4-benzodiazepin-2-
ones (CXLVI) are treated with ammonia:

NH—CO, NH—CO,
I\ NH, I\
CHCI | J CHNH; |
/N Ne==N e YA
| |
CoH;  (CXLVII) CHs  (CXLVII)

1,4-Benzodiazepines with an amino-~group in the 7-posi-
tion are obtained from the 7-nitro-derivatives by reduc-
tion with hydrogen in the presence of Raney nickel?5 and
also by the Hofmann degradation of 7-carbamoyl-1,4-
benzodiazepines. Aminobenzodiazepines may be conver-
ted into the corresponding hydroxy-, cyano-, and halogeno-
derivatives via diazo-compounds.

10. Other Reactions

The reaction of 1,4-benzodiazepin-2-ones with P,S, (in
boiling pyridine) leads to the substitution of carbonyl oxy-
genby sulphur, i.e. to the formation of 1,4-benzodiazepine~
thiones, from which methylthio-derivatives have been
obtained by reaction with dimethyl sulphate 38,158,

Tetrahydro-1,4-benzodiazepine (CXLIX) undergoes
condensation with formaldehyde, forming a bridge-type
compound (CL): 110

NH —C.
—CH’\ cho e
— CH, CH,
H, —NH/ \N/
(CXLIX) (L
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1,4-Benzodiazepines readily form coordination com-
pounds with Lewis acids. Thus it has been observed that
1,2-dihydro-3H -1,4 -benzodiazepin-2-ones react with SiF,
to give 1:1 adducts. The SiF, molecule is probably coor-
dinated to the 4-N atom 178,

11. Rearrangements and Isomerisation

The rearrangement of N -oxides of 1,4 -benzodiazepines
of the Polonovskii typel under the influence of acetic anhy-
drideleadstothe formation ofderivatives with the acetoxy-
group in the a-position relative to the nitrogen atom of the
N -oxide group!2s:

N
Ac,O
xxvimn —22. J CHOCOCH, ,
a’ \C‘=N/
CeHs

Benzoyl chloride and diacetyl sulphide behave analo-
gously 8!, Bell and coworkers showed !5t that the 4-oxide
of 2-amino-7-chloro-3H -1,4-benzodiazepine (CLI) forms
three compounds on heating with acetic anhydride; the
authors suggest that the last two are formed from the

diacetyl derivative (CLII):
_/NHCOCH,

N /N=C\
" CHOCOCH,
a/’ N \(|:=N/

CeHs (CLID)

\/N—C

g o
a/ [J “e=n" CH, = /E —d
Lo b

(CLY) C'“°
/NHCOCH,

c” E/ \C N

The reaction of acetic anhydride with 7-chloro-1-
methyl-5-phenyl-1,2-dihydro-3H -1,4 -benzodiazepin-2-one
(II) in the presence of sodium acetate leads to an intramo-
lecular rearrangement with formation of 3-acetamido-6-
chloro-~1-methyl -4 -phenyl-2-(1H)-quinolone (CLIII), &

The corresponding 1,4 -benzodiazepinone without the methyl
group at the nitrogen atom rearranges under these condi-
tions to the tricyclic compound (CLIV) and at the same
time the seven-membered ring is cleaved with formation
of compound (CLV):

CH, o CH,
N 0
\/
\H, Ac, 0, AI:ONI O
a’ / \C=N a’/ \/ \NHCOCH,
. {an CJ-l. (cLuy
NH—COCH,NHCOCH;
(XXXVI) Ae.o AcONa (j ] LfH j
a’/ a1’ N Ne=0
. L) ¢y @)

9 The mechanism of the rearrangement has been
discussed in a number of papers (see, for example,
Refs. 179 and 180).
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The formation of compound (CLIV) can be accounted for
as follows. The mesomeric acetylated ion (CLVI),
formed when acetic anhydride reacts with compound (XXXV1)
via the unstable intermediate (CLVII), is converted into
acetamidoquinolone (CLVIII), which is cyclodehydrated
under the reaction conditions to compound (CLIV):

o~ H=C NH—CO.
I H, <—> /%H ,
e 2
Mg My
N CyH; COCH, CeHs COCH,
(cLvD
NH—C \
C—CH:‘-—>(C]_|V')
Cl NH
CeHs cocus 5H5

(CLVID
The formation of compound (CLII) from (II) can be
explained similarly. The second intermediate (CLIX) is
postulated to account for the formation of compound (CLV)
and the mesomeric acetylated ion (CLVI):

(CLVIID

NH—CO,

N
[
a”\ \C—N<C 2° .
HCL 0o |
| Hs
CH,

(CLIX)

When acted upon by acetic anhydride in the presence of
pyridine, compounds of type (XXXVI) are converted into
isoindole derivatives (CLX): 183

\/\
(XXXVD _3._';;‘37*
c” \/ \/ )

Cuﬂb
(CLX)

It is suggested that this reaction also proceeds via a
stage involving the formation of an acetylated ion:

- HyC—C=0
HC— T
le_c(yo o
(xxxvr)—.. f;( — o —
DN o—c—cna a N
OHS
aﬁ_m
) 3 :
4 H® | —(cLx)- s HiCy A= s
—_ S .
ARAU o ke
CeHls ol 1

A certain amount of the “dimer” is formed as a result
of the oxidative dimerisation of the isoindole.

1-Alkyl-1,3 -dihydro-2H -1,4 -benzodiazepin-2 -ones also
rearranges to isoindoles when acted upon by bases in an
anhydrous medium !, When compounds (XXVII) are
treated with phosphorus oxychloride or p -toluenesulphonyl
chloride, a rearrangement of the Beckmann type takes
place with formation of 4-benzoyl-6-chloro-3,4-dihydro-
1H -quinoxalin-2 -one: 188

/NH\/
xxxv —EoCL, (J .
(7 VN4

c.H.—é-o
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1,2-Dihydro-3H-1,4-benzodiazepine-2,3-diones rear-
range to the quinozoline derivatives inthe presence of acids¢%

It is suggested that the rearrangement of compound
(CXXX) in the presence of acids takes place with partici-
pation of an intermediate (CLXI), which splits off formic
acid (R = CH,) or water (R = H) and gives 6-chloro-1-
methyl -4 -phenyl -1,2 -dihydroquinazolin-2 -one (CLXII) or
6-chloro-4 -phenylquinazolinecarboxylic acid (CLXIII)
respectively: )

m{ $
COOH
N \/ NN PVAN A
—HCOCH Ncoon —H,0 |
‘ “ N < N N ’
et AYaYS A/ NN/
CeHs CoH; é-H.-,

(CLXIT) (CLX1) (CLXIID

where R = CH; or H.

When 1,2-dihydro-5H -1,4-benzodiazepin-2-ones are
acted upon by bases (alkalis, alkoxides, or triethylamine),
they isomerise to 1,2-dihydro-3H -1,4-benzodiazepin-2-
ones %0,

The phot01somer1sat10n of 1,4-benzodiazepines has been
described 86, When a dilute solution of compound (I) in
isopropyl alcohol is illuminated, the two absorption max-
ima in the ultraviolet spectra at Amax = 245 and 265 nm
characteristic of the substance disappear and are replaced
by a band with a lower intensity at Amax = 278 nm. It is
suggested that this involves the formation of an epoxide, as

happens in the conversion ot nitrones into oxaziridines !87,188;

_/NHCH, NHCH,
- Ne—=L~C
1IN
CH, —— CH,
i
a/ N eay” a’/ Ve N
|\ L No”
CeH; O CoHs

V. APPLICATIONS OF 1,4-BENZODIAZEPINES

The development of the chemistry of 1,4-benzodiazepine
systems is in many ways due to their practical applications.
We may recall that the first studies by Sternbach of com-
pounds of this class were undertaken to find substances
acting on the central nervous system. The first prepara-
tion of this class—Chlordiazepoxide (Librium or Elenium)
(I) —already proved to be an unusually effective tranquil -
iser18?,  Apart from this effect, compound (I) exhibits a
muscle relaxing and anticonvulsive activity.

The tranquilising action of 1,4 -benzodiazepines is not
only accompanied by the inhibition of the central nervous
system but there is at the same time a stimulating effect.
All these factors led to the isolation of 1,4-benzodiazepines
as a new important group of psychotroplc preparations—
minor tranquilisers.

All derivatives of the Chlordiazepoxide type, i.e. 4-
oxides of 3H-1,4-benzodiazepine, and also 1,2-dihydro-3H -
1,4-benzodiazepin-2-ones exhibit an effect on the central
nervous system similar to that of Librium. The presence
or absence of basic groups in the 2-position of the ring and
also of the amine oxide group does not involve a loss of
psychopharmacological activity+.

Probably the 1,4-benzodiazepine ring itself and possibly
also its conformation play the most significant role in
physiological activity !°°,

As effective tranquilisers, 1,4-benzodiazepines have
found wide application in the treatment of epilepsy, alco-
holism %', various psychological disorders*, and tetanus;
their use before and after operations as sedatives has been
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indicated. Among the widely employed preparations
enumerated above, Valium (Diazepam), which gives excel-
lent results in 50% of psychotic and 80% of psychoneurotic
cases 192 may be particularly recommended. The latest
published data suggest that the above effects are not optimal,
since the study of this series of physiologically active sub-
stances has only just begun '3,

Unfortunately so far other applications of these prepa-
rations have been little investigated, although, in view of
the presence of an interesting conjugated system in their
molecules, they are not without interest for the chemistry
of dyes and possibly also in other practical fields. Cer-
tain data on this problem have been published recently 194
a series of cyanine dyes derived from 1,4-thiazepines,
diazepines, and selenazepines have been obtained.

Probably 1,4 -benzodiazepine derivatives are capable of
giving rise to new possibilities in both theory and practice,
which will be discovered in further investigations of this
interesting group of substances!9,
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