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The skeletal rearrangement of 1,4-benzodiazepines to other heterocyclic systems are reviewed

together with a discussion of possible mechanisms. Simple rearrangements involving migrations
without skeletal changes are included for the sake of completeness.

Introduction.

The capacity of polyfunctional molecules to undergo
major structural rearrangements either through space,
through existing bonds or by interactions between func-
tional groups is well known in alkaloid chemistry. The
number of rearrangement pathways possible seems to in-
crease exponentially with the number of functional groups
present in some systems. This review is a compilation of
rearrangements of the 1,4-benzodiazepine system and
surveys the literature through the beginning of 1972.
No attempt will be made to include the chemistry on
structure proofs of the compounds described. The chem-
istry and pharmacological properties of the 1,4-benzo-
diazepine system have been adequately reviewed else-
where (1-6).

The benzodiazepine ring system already contains two
functional groups and additional ones can be incorporated
at any or in any combination of the positions on the
heterocyclic ring. Most of the rearrangements observed
in this system are impelled by a common driving force Le.
ring contraction leading to aromatization. Functional
group changes without skeletal changes could lead to 4n
but not 4n + 2me systems. Thus, in substituted benzo-
diazepines a variety of functional group interactions are
possible and the thermodynamic setting is highly con-
ducive to skeletal changes. A variety of ring systems have
been obtained, and in some instances these rearrangements
prove to be useful synthetic tools for the preparations of
some of these products.

The rearrangement of the 1,4-benzodiazepine ring
system can, in general, be separated into two groups -
(a) those involving intermediates in which the ring is

opened (cf. Dimroth) and (b)

those involving inter-
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mediates in which the 7-membered ring is bridged.
Rearrangements Involving Ring Open Intermediates.

The first rearrangement of this type was reported in
1954 (7). It was found that cyclopenin, compound 1a
(a natural product of, at that time, unknown structure)
rearranged on treatment with acid to Viridicatin (2a).
Later, other workers (8) found that the related cyclopenol
(1b) was converted to Viridicatol (2b) under the same
conditions. The structure of cyclopenin and cyclopenol
was finally established in 1963 (9), and 3 was proposed as
an intermediate in the rearrangement, formed by hydrol-
ysis of the epoxide and the 3,4 bond.
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Three related rearrangements which also involve cleav-
age of the 3,4 bond are shown below. The starting
materials vary only in their substitution at the 2-position
and the 3,4 bond can, in all cases, be formally considered
as a condensation product of an aldehyde with an imine.
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Compound 4 was reported to undergo a hydride shift in
base to give the dicarbonyl derivative 5 (10). Under more
vigorous conditions, compound 5 underwent a ring con-
traction to give the dihydroquinazoline carboxylic acid,
compound 6. It has also been shown that 4 can be con-
verted directly to the quinazoline carboxaldehyde 7 by
treatment with mineral acid (11). The conversion of 4 to
7 with glacial acetic acid was also reported (12). Treat-
ment of 4 with hydrazine or with methylamine resulted
in the formation of the corresponding hydrazone or
These
reactions can be considered as undergoing a ring opening
between positions 3 and 4 followed by recyclization

methyleneimine derivative of compound 7 [12).

between positions 2 and 4.
ported to be formed from 8 under similar conditions (11).
The related 3-hydroxybenzodiazepine 9 underwent similar
ring opening, but in this instance, the active methylene
group of the intermediate iminoaldehyde recyclized with
the carbonyl group at the 5 position followed by loss of
ammonia to give the indole carboxaldehyde 10 (13).
When the corresponding 3-acetoxy derivative (11) was
rearranged in methanol, compound 12, the dimethyl

Compound 4 was also re-

acetal of 10 was formed.
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An analogous rearrangement of the benzodiazepin-
dione 13, a compound at one oxidative state higher than
compounds 4 and 5, was also reported (14). In this
instance, the dihydroquinazoline 14 was proposed as the
intermediate formed after cyclization of the initial hydrol-
ysis product. When 13 was unsubstituted at the 1-posi-
tion, elimination of water from 14 gave the quinazoline
carboxylic acid 15. However, when 13 was substituted
with an alkyl group at position 1, the intermediate 14
could eliminate only the elements of formic acid to give
the quinazolone 16.
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The well known interconversion of nitrones and
oxaziridines has also been demonstrated in the 1,4-benzo-
diazepine-4-oxide series (15). These oxazirinobenzo-
diazepines have been reported to undergo a facile alco-
holitic ring contraction to give dihydroquinazoline deri-
vatives (16). Thus, compound 17 on treatment with an
alcohol gave 18 in which one molecule of the alcohol
has been added. Again, an open intermediate (19) was
postulated which could then recyclize by intramolecular
attack of the imino nitrogen on the isocynate function
to give 20. This intermediate could then add one mole
of the alcohol in an irreversible step to give the observed

product. It is stated that the mechanism is supported
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by the observation that compound 17 is converted to
compound 21 by treatment with aqueous tetrahydrofuran.
Here, the 3-hydroxymethyl quinazoline which is postu-
lated as an intermediate (18, R = H) would yield com-
pound 21 by loss of formaldehyde and water.
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The |H-1,4-benzodiazepine 22 was found to undergo
ring contraction to the indoles 26 and 27 on treatment
with acid (17). The formation of 26 is relatively easy to
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justify. If it is assumed that hydrolysis of the azomethine
bond is the first step in the rearrangement, 23 would
be the resultant intermediate and hydrolysis of the
enamine would give the ketone 25. The activated methyl-
ene group could then condense with the benzophenone
carbonyl to give the indole. The formation of the other
indole (27) appears to involve, besides rearrangement,
subsequent hydrolysis, oxidation and decarboxylation
steps. Oxidation of 22 with chromic acid led to the
formation of the quinazoline derivative 30. This reaction
probably proceeds via the dicarbonyl intermediate 28
which could then eyclize to the quinazoline 29. Loss of
formic acid would then give the observed product.

An unusual rearrangement of a 1,4-benzodiazepine
was observed in which, not only the diazepine nucleus,
but also the 5-substituent took part.

Because of the pharmacological interest in 5-phenyl or
S-substituted phenyl-1,4-benzodiazepines, most of the in-
vestigations in this class of compounds were carried out
on these derivatives. One of the exceptions was the
5-(3-indolyl)-1,4-benzodiazepine, compound 31(18). Acid
treatment of this compound resulted in the formation of
either the indoloquinoline 32 or the quinolone 33, de-
pending on the conditions used. Compound 32 was
shown to be an artifact derived from 33. The mechanism
given, proposed initial hydrolytic cleavage of the azo-
methine bond to give 34 as an intermediate. This would
be followed by protonation at the carbonyl oxygen to

2
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give the indolenine 35. Nucleophilic addition of the
anilino N-H function to the polarized C=N bond, would
then lead to 36. Cleavage of the C-N bond of the 5-
membered ring, in an irreversible step as shown would
give the observed quinolone 33. The formation of 32
from 33 simply involves condensation of the anilino
amine with the quinolone carbonyl group.

That an intermediate such as 34 was involved in the
rearrangement was demonstrated by treating 31 with
methyl iodide. This gave the 4-methyl quaternary salt
which could be opened with base to give the corres-
ponding N-methyl derivative of 34, compound 37. The
compound when treated with hot mineral acid resulted
in the formation of the quinolone 38. The indoloquinoline
39 was also isolated from this reaction in low yield.

An analogous rearrangement in this series was observed
when the N-methylindole derivative 40 was treated with
acid. In this instance, only the imidazoindolquinoline 41
was isolated.

The 3-acetoxy-3-methylbenzodiazepinone, compound
43 (R = H) prepared from the corresponding N-oxide
(42) was reported to undergo rearrangement to the acetyl-
quinazoline 47 on treatment with acid or base (19). If
however, the nitrogen in the 1l-position was substituted
by a methyl group, the 3-hydroxy derivative could be
obtained by the unusual rearrangement shown below
(20).

Treatment of 43 (R = CH; or CH,OCH3) with base
afforded the corresponding, rearranged epoxy compounds
44 (R = CH; or CH,OCH;). When 44 (R = CHj) was
treated with ethanolic hydrogen chloride, an additional
rearrangement gave the 1,3-dimethyl-3-hydroxy deriva-
tive, compound 46. This rearrangement was found to be
reversible and thus treatment of 46 with base led to the
recovery of compound 44 (R = CH3). Mild treatment
of 44 (R = CH,0CHj;) with ethanolic hydrogen chloride
resulted in the cleavage of the methoxymethyl group and
gave compound 45. More vigorous treatment of 45 with

+
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the same reagent gave the expected acetylquinazoline 47
and the 2-carbethoxy-2-methyldihydroquinazoline, com-
pound 48.

The proposed mechanisms are envisioned as preceeding
by the initial attack of methoxide ion on 43 which would
lead to the quinazoline intermediate 49. This would then
ring expand and epoxidize to 44 via the intermediate 50
as shown. Acid treatment of 44 would cleave the epoxide
to give the diketone 51 as an intermediate and this in turn
could recyclize to the quinazoline derivative 52 (the
protonated form of 49). When R = CHj, ring expansion
to the observed product 46 would occur. However, when
R = H, the intermediate 52 would be expected to dehy-
drate to the acetylquinazoline 47. Compound 47 could
also arise from intermediate 49 by loss of hydroxyl ion.
The rearrangement of compound 46 to compound 44 is
envisioned as simply the reverse process, i.e. again, via
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the quinazoline intermediate 49. The formation of com-
pound 48, the other rearrangement product from 44,
could arise by cleaving the epoxide in the opposite
manner, ethanolysis of the amide bond followed by
recyclization between positions 2 and 4 of the benzo-
diazepine ring.

It has been reported (21) that the electrochemical
reduction of the amidine 53 gives an excellent yield of the
dihydroquinoline, 54. The mechanism shown involves
the addition of two electrons and two hydrogen ions
across the 1,2-position of the expected reduction product
(intermediate 55). It is then proposed that loss of
methylamine followed by a hydride shift would occur as
indicated in 56 to give the observed product.

An alternate mechanism which obivates the need for
this very unlikely hydride shift is shown schematically
below and would proceed via the open intermediate 57.



752 Review Vol. 9
H NHCH H
p( E N 7
H \(c i
_
Cl N a Nl H
\ \H
CgHsg a CeHs
55 56
+2H"
+2e
NHCH3
= NYCHa
_
Ci N Ci il
~
H
53 C6H5 54 CGHS
+2u+l
R c NHC H\ c
\ NHCH \ - _NHCH NHCH
* N - 3 3 N\{ 3
+9¢ \
—_— —>
+
: A
ct N AN a CH —NHp
H H H H /
CeHs CeHs CeHs
57
%,0*
H H
| CcH \ (o
N %H N\Q
-H;0 (
54 <« -—
Cl H— NH2
CgH /
6Hs CeHs

Rearrangements Involving Bridged Intermediates.

The treatment of 1-substituted 1,4-benzodiazepin-2-
ones, -2-thiones and tetrahydropyrimido[ 1,2-a |-1,4-benzo-
diazepines with strong base resulted in the formation of
isoindole derivatives in high yield (22,23). Two plausible
mechanisms were proposed, both of which involved
bridged intermediates. Thus, when the l-methyl-1,4-
benzodiazepinone 58 is treated with sodium hydride in
N,N-dimethylformamide it has been shown that the initial
step is removal of a proton from the 3-position to give the
sodium salt of the corresponding anion (23). The anion
could ring contract as shown to give either of the tri-
cyclic intermediates 59 or 60. Either intermediate could
then undergo further ring contraction to give the salt of
the isoindole carbanion 61. Acidification of 61 would
lead either to the isoindolenine 62 or the isoindole 63.
In one case, these were shown to be interconvertible

(22).

Simple benzodiazepines which are unsubstituted in
the l-position, e.g. compound 64 do not undergo this
rearrangement since the first anion formed has been
shown to be at the amide nitrogen (65) (24). While the
dianion can be formed, rearrangement does not occur
since this would require a double negative charge on the
lactam nitrogen which is a very unlikely species.

If, however, the 3-carbethoxybenzodiazepine 66 is
treated with sodium hydride in DMF, rearrangement to
67 does occur since the relative acidities of the 1 and 3
protons are now reversed (25).

A closely related rearrangement was that of the oxazolo-
benzodiazepine 68. When R was halogen, treatment with
sodium hydride gave the isoindole 69 (26). A similar
mechanism to that of 58 > 63 was proposed. However,
when R = H, 68 was converted via a postulated Vilsmeier
reaction, reduction and dehydration to the methylene
derivative 70.



Aug. 1972
CH3 CH3
| °/5 "
N
H[‘H A
N
C6H5 o CeMs
CH l CH3
3
\N._4/O CN m_
—H \_zl
N - Q
N AN
CeHs CeHs
J 59 60
CONHCHy
CONHCHS y
0
N —_—
/ /N
CgH
6Hs CeMs
NGO,
61 H,0 62
CONHCHy
-
NH
—
CeHs
63
H 0o -
N N 0
Nall H
_— >
cl =N cl =
CgHs CeHs
64 65
COOEY

NaHl =
COOEt > NH
o~
= Cl
CeH
CgHs 65

67

Treatment of the 1,4-benzodiazepine, unsubstituted
at the l-position (64), with acetic anhydride in pyridine
resulted in the formation of the acetylisoindole 71 (R =
COCH3) (27). Since the l-alkyl derivative 72 did not
react under these conditions, it was postulated that this
reagent first acylated the l-nitrogen. The -OCOCHj; ion
could then attack the proton at the 3-position as before
(58 — 63) leading to ring contraction and formation of
the isoindole 71 (R = H) by loss of acetylisocyanate.
Compound 71 (R = H) was shown to acylate under the
reaction conditions to give the observed product 71

(R = COCHj3). The bisisoindolylidene, 73 also isolated
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Contrasted with the acetic anhydride-pyridine rearrange-
ment, the reaction took another course when either 64
or 72 was heated with acetic anhydride and a few drops
of sulfuric acid or with acetic anhydride in the presence
of sodium acetate. Thus, from 64 a mixture of the
anilide 74 and the quinoline derivative 75 was isolated
(28). Compound 72 gave 76 (R = CH3), the carbostyril
corresponding to 75.

Here the mechanism was visualized as proceeding via
the acetylated ion 77. The anion from acetic acid could
then abstract one of the acidic protons at the 3-position,
ring contraction to the tricyclic intermediate 78 would
follow and with aromatization as the driving force 78
would collapse to the carbostyril 76 (R = H). Under the
reaction conditions 76 (R = H) has been shown to de-
hydrate to 75.
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Attempts to further alkylate the 2-dimethylamino- /‘2
benzodiazepine 80 with dimethyl sulfate in the presence N o
of the lithium anion of dimethyl sulfoxide led to a com-
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plex mixture of the rearrangement products 81, 82, 83,
84, and 85 (29). In order to determine whether or not
the methylating agent had any effect on these rearrange-
ments, 80 was treated with lithium dimsyl anion in
dimethylsulfoxide. Workup afforded the indole deriva-
tives 86 and 87 together with the quinoline 85.

A plausible mechanism for the formation of these
compounds has been proposed (29) in which all of the
end products are derived from the common intermediate
90. Thus, removal of the proton at the 3-position would
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give the anion 88. Ring-closure to 89 occurs by way of
nucleophilic attack on the amidine double bond. Ring
opening of 89 gives 90 as shown.

Cyclization of the azomethine bond in 90 to the 3-
position of the indole would lead to the cyclopropane
derivative 91. Ring opening as shown followed by pro-
tonation would then give 86. Methylation of 86 followed
by loss of methanol would give 81 and 82, respectively.
The cyclopropane ring in intermediate 91 could also
cleave in another sense. Thus, the quinoline 86 would
result from cleavage of the bond bridging the six-membered
ring in 91 together with simultaneous loss of nitrous
Similarly, the azomethine bond of 90 could
cyclize to the l-position of the indole, rather than the 3-
position and would result in the formation of the tricyclic
intermediate anion 92. Loss of dimethylamine in the
manner indicated would give the indoleisocyanate 93.
Reduction of 93 in the reaction medium (the exact
reducing species is not known) would then lead to the
observed product 87. Methylation of 87 gives 83, which
on loss of methanol, would give compound 84.

oxide.

Miscellaneous Rearrangements.

These rearrangements generally fall into two groups.
The first class comprises those which involve skeletal
changes, but either do not easily fall into the two cate-
gories previously discussed or in which the benzodiazepine
ring system itself does not constitute the driving force for
the rearrangement. The second type consists of those in
which no skeletal rearrangement takes place, e.g. a simple
bond migration. This latter class is included in this re-
view only for the sake of completeness.

A Beckmann type of rearrangement of a 1,4-benzo-
diazepine 4-oxide has been reported (12). Thus, com-
pound 94 on treatment with p-toluenesulfonyl rhloride
was shown to give the quinoxalone derivative 95 (12).
A somewhat related rearrangement (in this case, an ex-
tension of the Stieglitz rearrangement) was shown to be a
potentially useful synthetic method for the preparation
of unsymetrically substituted quinoxalines (30). The
hydroxylamine derivatives 96 were found to undergo
rearrangement on treatment with either thionyl chloride
or phosphorus oxychloride to give benzaldehyde and the
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quinoxoline 97. The mechanism of this ring contraction
would involve esterification of the 4-OH group as the
first step. The resulting increase in the electron deficiency
of the 4-nitrogen would promote cleavage of the N-O
bond together with concerted migration of the Cs-C;,
bond. This would generate the carbonium ion 98 stabilized
by the immonium ion 99. The existance of the inter-
mediate ions 98, 99 was confirmed by the isolation of
the 4-benzyltetrahydroquinoxaline 100 from a reductive
workup of the reaction mixture. Normal, hydrolytic
workup led to the isolation of 97 and benzaldehyde.

106

The photolylis of nitrones to oxaziridines has been
mentioned earlier (15). It is also known that oxaziridines
undergo, on further irridiation, cleavage of the nitrogen-
oxygen bond followed by rearrangement of one of the
groups attached to the carbon atom of the oxaziridine
to either the nitrogen or the oxygen atom. Thus,
cleavage of 101 would lead to compounds of type 102
and 103 as shown (31). It was, therefore, not surprising
that irridiation of the oxaziridine 104 gave both types
of rearrangement products, the benzoxadiazocine 105 and
the quinoxaline 106 (32).
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When the amide 17, corresponding to the amidine 104
was photolized, the same rearrangement occurred to give
the corresponding amide of compound 105 together with
the quinoxalinone 95 (31).

The facile hydrolysis of 1-aminobenzodiazepines of
type 107 to 5-phenyl-3-chloroindazole (109) was postu-
lated to be due to the formation of the bridged inter-
mediate 108 (33).

The Polonovski type of rearrangement of 1,4-benzo-
diazepine 4-oxides to give the corresponding 3-acetox;

The furthe-

rearrangement of these products has been discussed in the

derivatives has been extensively reported.

first section of this review. Bridged benzodiazepines of
type 111 have been reported to have been prepared from
compounds of type 110 and 112 by lithium aluminum
hydride reduction (34).
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The simple migration of the 3,4-bond in 1,5-dihydro-
1,4-benzodiazepines to the more stable 1,3-dihydro deri-
vatives has been reported (35), as has the migration of
1-halo-1,4-benzodiazepinones to the corresponding 3-halo-
derivatives (36). In the preparation of a 3-ethoxybenzo-
diazepine by this method, 2-carbethoxy-6-chloro-4-phenyl-
quinazoline was also isolated. This ring contraction is
probably analogous to that of 4 > 6 or 4 > 7, the only
difference being that an oxidation takes place under the

112

reaction conditions (37). A related rearrangement of a
1-chloro-5-cycloalkyl-1,4-benzodiazepine has been report-
ed for compound 113 in which the halogen migrates to
the cycloalkyl group 114 (38). If the 5-substituent is
methyl, this rearrangement can be repeated 3 times to
give either the corresponding chloromethyl, dichloro-
methyl, or trichloromethyl derivative (39).

A rather unusual rearrangement of an oxaziridine has
also been observed. When compound 17 was treated with
ferrous sulfate in the presence of aqueous tetrahydro-
furan, the product isolated was the corresponding 3-
hydroxy derivative, compound 4 (40).
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Note added in proof:

Since this review was prepared it has been reported (41) that
the treatment of the benzodiazepine 115 with ethyl propiolate
resulted in the formation of the anticipated product 116 together
with the rearranged quinoxalone, compound 117. Further
treatment of 116 or 117 with ethanol gave a new quinoxalone,
compound 118. Structures were established from three dimen-
sional X-ray diffraction data. Mechanisms were not presented,
but the rearrangement would seem to be related to the Beckmann
type reported above (12).
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