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1,2,3,5-Tetrahydro-4f1-1,5-benzodiazepin-4-ones
and 1,2,3,4-Tetrahydro-511-1,4-benzodiazepin-5-ones from the
Reaction of Hydrazoic Acid on 1,2,3,4-Tetrahydroquinolin-4-ones.
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The Schmidt reaction on 1,2,34-tetrahydroquinolin-4-ones (1) gave 1,2,3,5-tetrahydro-1,5-
benzodiazepin-d-ones (1) and 1,2,3 4-tetrahydro-1 4-benzodiazepin-5-ones (ILT). The ratio of II
and I is dependent upon substituents present on the nitrogen ring atom of the quinolinones.

Recently Wunsch, Stahnke and Gomoll (1) reported the
preparation of 1,2,34-tetrahydro-5H-1,4-benzodiazepin-
5-one (Ia) in 31% yield via the Schmidt reaction on
1,2,3 4-tetrahydroquinolin-4-one (la). This prompted us
to report the results of similar work on the synthesis of
potential antidepressives. The same reaction in our hands
gave compound llla in 70% yield together with 1,2,3,5-
tetrahydro-4H-1,5-benzodiazepin-4-one ([la) in 18% yield.
The latter had a melting point (2,3) and NMR data (4)
identical to an independently prepared sample.

The Schmidt reaction on tetrahydroquinolin-4-ones was
reported for the first time in 1958 by Ittyerah and Mann
(5), who used 1-methyl- and 1-phenyl-1,2,3 4-tetrahydro-
quinolin-4-one (Ib and lIc). They assigned the structure

(0]
Ro HN§
R I:I
* N
R)

o]
Ra
I (a-l)
R3 N
B 0
I Gal) Re NH
R3 N J
R,
i (al)
R, R, Rs
(a) I H I
(b e I 1
() Ph H "
() Ac I H
() H H OMe
) Ve 1 OMe
(g) Ae H OMe
(h) H Cl 1
@ Me Q i

) Ac al il

as I-methyl-1,2 3 5-letrahydro-4H-1,5-benzodiazepin-4-one
(l1b) and I-phenyl-1,2 3.5-tetrahydro4H-1,5-benzodiazepin-
4-one (Ilc), respectively to each individual product isolated
in each reaction.

We repeated the reaction under the same conditions as
fttyerah and Mann using the quinolinone Ib and isolated
I -methyl-1,2,3,4 -tetrahydro-5H-1 4-benzodiazepin-5-one
(ILIb) (ca. 00% yield) and I-methyl-1,2,3,5-tetrahydro-
4f1-1 5-benzodiazepin-4-one (11b) (ca. 20% yield). Simi-
larly in the reaction on the quinolinone le¢, 1-phenyl-
1,2,3,4-tetrahydro-5H-1 4-benzodiazepin-5-one (1llc) (ca.
85% yield) together with 1-phenyl-1,2,3 5-tetrahydro-44-
1,5-benzodiazepin-d-one (llc) (ca. 5% yield) were identi-
fied. The benzodiazepinones 1l1b and Hlc¢ gave the same
melting point as the compounds identified previously ()
as 1lb and Ilc respectively. The structure of the benzodi-
azepinone 1llb was confirmed by comparison with an
authentic sample synthesized by a different route (6). The
assignment of the relative structures of the isomers II, I1lb
and 11, Ill¢c was also based on chemical and spectroscopic
evidence. Lithium aluminum hydride reduction of the 1,4-
benzodiazepinones 1llb and 1lle gave the 1,4-benzodi-
azepines Vb and Ve which show a singlet in the NMR
spectrum (ca. 3.85 8) assigned to the benzylic-methylene
group. However this signal was absent in the NMR spec-
trum of I-methyl-1,2.3 4-tetrahydro5H-1,5-benzodiazepine
(1Vb) prepared from the lithium aluminum hydride re-
duction of 1,5-benzodiazepinone 11b. The NMR spectrum
of IVb showed a multiplet (ca. 1.85 ), assigned to the

(-3 methylene group, which was identical to that observed
for the benzodiazepine 1Va (3,13) (Table 1V). In addi-
tion the above tetrahydrobenzodiazepine Vb showed
physico-chemical properties identical to those of the 1-
methyl 1,2,34-tetrahydroSH-L4-benzodiazepine described
by Santilli and Osdene (6).
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TABLE 1

Migratory Tendencies in the Schmidt Reaction of Tetrahydroquinolin-4-ones

1,2,3,4-Tetrahydroquinolin-4-ones

R, R, R,
la H H H
Ib Me H H
le Ph H H
Id Ac H H
le H H OMe
It Me H OMe
lg Ac H OMe
Ih H l H
li Me Al H
i Ac Cl H
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The proposed structures for isomers Il and Il were
differentiated based upon a comparison of the NMR data.
The NMR of b and ¢ showed a split doublet at low
field (7.6 8, ], 5 cps Jo cps) integrating for one proton
which was assigned Lo the aromatic proton in position 6
(L.e. ortho to carbonyl); this was absent in the spectra of
the corresponding benzodiazepinones 1b and lle. Another
difference was that, while the two methylene groups of
the benzodiazepinone b have different chemical shifts,
the corresponding methylene groups of 1llb gave rise to
an unresolved multiplet which became a singlet after addi-
tion of deuterium oxide;
Santilli and Osdene (6).

The formation of isomer [ as the major product of

this was also observed by

the reaction agrees with previous work on the Schmidt
reaction for chromanones (4,7) and flavanones (8). More
generally, it has been shown that in the Schmidt reaction
on benzocycloalkanones with a strong electron-donating
group ortho or para to the carbonyl, the alkyl migration
becomes enhanced and in some cases is equivalent to aryl
migration (9). These studies have been extended recently
by Wunsch et al., to some |-thio-4-chromanones (10).

Vol. 8
Isomer ratio
% aryl % alkyl

Yield % migration migration
88 20 80
82 25 75
90 5 95
85 95 5
95 30 70
92 35 05
90 90 10
92 35 65
91 23 75
80 90 10

The fact that certain tetrahydroquinolin-4-ones gave a
major percentage of the benzodiazepinone compound due
to alkyl migration compared to the percentage of the iso-
meric compound due to aryl migration, can be explained
by postulating a resonance structure of the following type
which would hinder aryl migration.

(\)

In a preliminary study of the effect of substituents on
both the aromatic ring and on the nitrogen atom of the
tetrahydroquinolin-4-ones, we have extended the Schmidt
reaction to other 1,2 3 4-tetrahydroquinolin-4-ones which
are reported in Table . From these results it can be con-
cluded that the ratio of the Il and 11l isomers obtained
from the unsubstituted quinolinone la is not greatly in-
fluenced when ecither electron-donating or withdrawing
substituents are present on the aromatic ring. This is in
agreement with observations (4) on analogous substituted
4-chromanones. The ratio is also not influenced by sub-
stitution of a methyl group on the ring nitrogen but is al-
most completely displaced towards the isomer 111 (alkyl
migration) by subslitution of a phenyl group (Illec >
Iic). The phenyl group is twisted out of plane and aids
the formation of resonance structure A by the +1 effect.
Displacement towards the isomer H occurs when the
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TABLE 1V

1,2,3,A-Tetrahydro-5H-1,5-benzodiazepines (IV) and 1,2,3,4-Tetrahydro-5H-1,4-benzodiazepines (V)

IRem™!

NMR (5)

b.p. °C/mm Hg
(m.p. recryst. solv.)

v NH

-CH,«benzylic) -CH3

Aromat. -CH;,-N- -C-CH,-C-

NH-

Reaction of Hydrazoic Acid on 1,2,3,4-Tetrahydroquinolin-4-ones. 235

3300
(2) 3380
(a) 3350

1.80 m
1.87m
1.80 m

3.05 m (4H)
3.07 m (4H)

6.67 bs
6.80 m

3.67 b (2H)

3.47b

(100-102°; pet. eth.)

IVa (3,13)

1Vb
1Ve

2.90 s (NMe)
3.72 s (OMe)

2.92 s (NMe)

125-30/0.005

115-20/0.005
60-70/0.005

115-20/0.05

2.98 m (4H)

6.8-6.2m

3.60 s (2H)

(a) 3250
(2) 3250

3.92

3.00 m (4H)
3.72 t(2H)

7.4-6.7m
3.08 t (2H)

1.90 s
2.20 bs

Vb (6)
Ve (a)

3.83s

7.4-6.4m

(a) Film.

nitrogen is substituted with a strongly electron-attracting
substituent such as an acetyl group (lld g,1 > [1ld,g.D).

The Schmidt reaction was finally extended to the I-
tosyl-1,2,3 4-tetrahydro-4-quinolinone (11), but the reac-
tion conditions caused detosylation of the starting mate-
rial; thus the same ratio between isomer Il and 1 was
obtained as in the rcaction on the unsubstituted tetra-
hydroquinolinone la.

Tables 11, 111 and LV report the 1,5-benzodiazepinones
I, the I,4-benzodiazepinones Il and some of the corre-
sponding lithium aluminum hydride-reduced compounds
obtained, with the important spectroscopic data. Struc-
tural assignments were made as shown before for benzodi-
azepinones [lb.c and [llb,c. Again, NMR evidence was the
most useful in distinguishing between isomers 11 and 111,

Finally the N-acetyl-l 4-benzodiazepinones 111d g | were
prepared by acetylation of the corresponding 1 ,4-benzo-
diazepinones Illa,eh al room temperature, in order to
compare them with the same compounds isolated (in very
poor yicld) in the Schmidt reaction on the N-acetyl-
quinolinones Id,g h.

EXPERIMENTAL

Melting points were determined on a Kofler hot stage apparatus
and are uncorrected; ir spectra were recorded on a Perkin-Elmer
model 21 double beam spectrophotometer, in chloroform solution
unless otherwise stated. NMR spectra were taken using a Varian
T-60 spectrometer, in chloroform solution unless otherwise stated.
Chemical shifts are measured in ppm (5) with respect to TMS as
an internal standard. The peaks assigned to the protons from the
-NHCO- and -NH- groups (Tables II, I1I and [V) disappeared after
exchange in deuterium oxide. Thin layer chromatography studies
were accomplished using plates of silica gel (Merck GF,54).

1,2,3,4-Tetrahydroquinolin-4-ones (I).

The starting tetrahydroquinolinones (Table [) were prepared
according to the general method of Atwal et al. (14). The respec-
live physico-chemical properties correspond to those reported:
1,2,3,4-tetrahydroquinolin-4-one la,b.e.f (14); le,h (15); 1d (16);
I (17).

The tetrahydroquinolinone lg, b.p. 128-130°/0.005 mm., was
prepared by acetylation of le.

Anal. Caled. for Ci,H3NO3: C, 65.74; H, 5.98; N, 6.39.
Found: C, 65.56; H, 5.85; N, 6.25.

The tetrahydroquinolinone Ii was prepared by methylation of
Ib with methyl iodide, m.p. 78-80° when crystallized from cyclo-
hexene.

Anal. Caled. for Cyoll; oCINO: C, 61.34; H, 5.15; N, 7.21.
Found: C,601.59; H, 5.31; N, 6.96.

Schmidt Reaction on 1,2,3,4-Tetrahydroquinolin-4-ones. General
Conditions.

Concentrated sulfuric acid (2.5 ml.) was added with cooling
and stirring to a solution of the tetrahydroquinolinone 1 (0.5 g.)
in chloroform (5 ml.), then sodium azide (0.5 g.) was added
gradually over 30-40 minutes. In general the reaction was com-
plete after about 2 hours at room temperature. The reaction mix-
ture was cooled and then neutralized with an aqueous solution of



230 ). Misiti, . Gatta and R. Landi-Vittory

TABLE V

Compound Formula C
b Cioll1 2N, 0 68.10
lle CrsHiaN, O 75.60
lle CrsHigN,O 75.60

~1d CiiH N2 Oy 64.69
1d CriHpaN, 0, 64.69
He CioH12N20, 62.48
1ie CroH12N20, 62.48
uf Cy1HiaN2 0, 64.06
fif €y H1aN2 04 64.06
g C12H14N5 05 61.52
lilg CraH14N2 03 61.52
llh CoHyCIN, O 54.97
i CyroHi1CINZO 57.01
I CioHy1CIN, O 57.01
1l Cy1Hy 1 CIN, Oy 55.35
1 (11H11CIN4 O, 55.35
Vb CroHaN, 74.03
Ve CioH14N,O 67.38

sodium carbonate and finally extracted exhaustively with ethyl
acetate. The combined extracts were dried over sodium sulfate.
The crude residue was heated with ethyl acetate and in general
the least soluble benzodiazepinone 11l separated. The ethyl acetate
filtrate was then chromatographed on a silica gel column. On
clution with cthyl acetate gradually enriching with ethanol, first
the benzodiazepinone Il was obtained, and then practically pure
11I. In the reactions on tetrahydroquinolinones Id.g, and 1, the
residue from the reaction gave, after recrystallization from ethyl
acelate, practically pure benzodiazepinone 11 (11d,g1). The ethyl
acetate filtrate contains a small quantity of [11 (I11d,g.1) (Tables 11
and I11).

1,2,3.4-Tetrahydro-5H-1,5-benzodiazepine (1V) and 1,2,3,4-Tetra-
hydro-5H-1 ,4-benzodiazepine (V).

Compounds 1V and V (Table 1V) were obtained by lithium
aluminum hydride reduction of the benzodiazepinones 11 and 111,
respectively, after heating under reflux in ether solution for 10-12
hours.
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