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Reaction of 1,2- and 1,3-Dicarbonyl Compounds with 1,3-Diamines:
Some New 1,4-Diazepines

By R. H. McDougall * and S. H. Malik, Department of Chemistry and Biology, West Ham College of Technology,
Romford Road, London E.15

Glyoxal sodium hydrogen sulphite addition compound reacts with 2,4-diaminopentane dihydrochloride to yield
5,7-dimethylhexahydro-1,4-diazepin-2-one, but glyoxal monohydrate reacts with 1,3-diaminopropane and
2,4-diaminopentane under alkaline conditions to produce more complex substances. Cyclohexane-1,2-dione
condenses with 1,3-diaminopropane to form 2,3.4,6,7,8-hexahydra-14-1,5-benzodiazepine, but di-imines
formed from two molecules of dicarbonyl compound and one of diamine result from the reactions of 1,3-diamino-
propane with benzil, camphorquinone, and isatin. Complex products are obtained from o-quinones and diamino-
propane. 1,3-diketones and 1,3-diamines react to produce open-chain compounds formed from two molecules
of ketone and one of amine. 2,3-Dihydro-1H+-1,4-diazepine is apparently formed from malonaldehyde and
ethylenediamine, but 1,2-diaminocyclohexane reacts with malonaldehyde to give 1,2-bis(2-formylvinylamino)-

cyclohexane.

Many 2,3-dihydro-1H-1,4-diazepines (I) and 3H-1,5-
benzodiazepines have been prepared by the reaction of
1,2-diamines with 1,3-dicarbonyl compounds.! The
reaction of some 1,2-dicarbonyl compounds with 1,3-di-
amines has now been investigated with a view to obtain-
ing the hitherto unknown 6,7-dihydro-56H-1,4-diazepines
(IT), and comparing them with their isomers of type (I).
The desired diazepines (II) corresponding to some of the
available 1,2-dicarbonyl compounds are isomers of
2,3-dihydro-1H-1,4-diazepines, the preparation of which
has not previously been described. Attempts were
therefore made to prepare these latter compounds by the
established procedure. Apart from making possible
comparison of the bond structures in (I) and (II),
compounds of type (II) might lead by a suitable sub-
stitution—elimination sequence to derivatives of the
unknown fully unsaturated 1,4-diazepine; introduction
of a third double bond into dihydrodiazepines of type
(I) has not proved possible,'»2 and attempted formation
of a 1,4-diazepine derivative from c¢¢s-1,2-bisethoxy-
carbonylaminoethylene and acetylacetone was also
unsuccessful.?
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Reaction of glyoxal sodium hydrogen sulphite addi-
tion compound with 2,4-diaminopentane dihydrochloride
(mixture of racemic and meso obtained by reduction of
acetylacetone dioxime) yielded czs-5,7-dimethylhexa-
hydro-1,4-diazepin-2-one (IV) instead of the expected
compound (II; R! = Me, R? = H), which would be
isomeric with the known%® 2,3-dihydro-5,7-dimethyl-
1H-1,4-diazepine (I; R = Me). The product is pre-
sumably formed from the smeso-diamine; no f#ans:
isomer could be isolated from the mother liquor. The
diazepinone is basic, and forms a monopicrate and a

1 (@) S. H. Malik, Ph.D. Thesis, London, 1967; (b)) R. H.
McDougall, Ph.D. Thesis, St. Andrews, 1962.

2 D. Lloyd, R. H. McDougall, and D. R. Marshall, J. Chem.
Soc., 1965, 3785.

3 R. H. McDougall and S. H. Malik, unpublished work.

monobenzoyl derivative. It gives no colouration with
ferric chloride, nor does it form an imino-chloride when
treated with phosphorus halides. The infrared spec-
trum (KBr) contains peaks at 1650 (amide CO) and 3200
and 3300 (amido and amino NH) cm.?. In the n.m.r.
spectrum (Figure and Table 1), the prominent doublets

TABLE 1

N.m.r. spectrum of 5,7-dimethylhexahydro-1,4-diazepin-
2-one (see Figure)

] J(c.[sec.)

H, 365 or 3:30 Jeb 16-0
Hb 3:30 or 3-65 Jgd 65
H, 3-00 Tee 80
Hy 1-08 or 1-22 Jet 10-5
H, 1-80 Tet 14-2
Hy 1-25 Jeg 2-0
H, 3-75 T 10-2
Hy 1.22 or 1-08 Jen 6-5

at 3 1.08 and 1-22 p.p.m. are obviously due to the two
methyl groups. The protons of the ketomethylene group
(Hs and Hy, 8 3-3 and 3-65 p.p.m.} constitute an AB
system; the resulting pair of doublets is superimposed
on two multiplets due to H, and Hg. The two quartets
3 ca. 1:75 and 1-95 p.p.m. are due to H,, which with H;
constitutes another AB system; the multiplet due to
H; is obscured by the methyl resonances. The magni-
tudes of the coupling constants J. and [ indicate cis-
coupling while the large values of Ji and [, indicate
trans-coupling. This is consistent with the cis-disposi-
tion of the methyl groups. The n.m.r. spectrum of a
solution in deuteriochloroform differs from that in water
in that the pair of doublets due to H, and Hj, is replaced
by a singlet and the two doublets due to the methyl
groups overlap to appear asa 1:2:1 triplet. The mass
spectrum of (IV) is consistent with the structure inasmuch
as the major peaks can be accounted for by fragmenta-
tions analogous to those of other lactams and amines.$

The dimethylhexahydrodiazepinone could be formed
by the route shown, involving a migration of hydrogen

4 G. Schwarzenbach and K. Lutz, Helv. Chim. Acta, 1940, 23,
"0, Lloyd and D. R. Marshall, J. Chem. Soc., 1956, 2597.

¢ E.g. A. M. Duffield, H. Budzikiewicz, and C. Djerassi, J.

Amey. Chem. Soc., 1964, 86, 5536; A. M. Duffield, L. Wise, and
L. A. Paquette, J. Org. Chem., 1966, 31, 1599.
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analogous to the acid-catalysed pinacol-pinacolone re-
arrangement. It is significant that (IV) is formed only
under acidic conditions. The isolation of cyclic vic-
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Reduction of the diazepinone (IV) with lithjum alumin-
ium hydride produced c¢is-5,7-dimethylhexabydro-1,4-di-
azepine, isolated as its picrate. The base could not be
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N.m.r. spectrum of ¢is-5,7-dimethylhexahydro-1,4-diazepin-2-one in deuterium oxide

dihydroxy-compounds from the reaction of glyoxal with
amides 7 provides evidence for the formation of (III) as

an intermediate.
HzN-CHMe
HZE > (TI1)
v

N\
+ /
MQ

CHO H,N- CHMe
H
9
N-"Me
H

Attempts to synthesise (IV) from chloroacetyl chloride
and 2,4-diaminopentane yielded only polymeric material.

HLO

H +

NM‘Z -HO H.O

w e g
O ”Me >

obtained sufficiently pure to give a useful n.m.r. spec-
trum.

No simple product could be obtained from the reaction
of glyoxal sodium hydrogen sulphite addition compound
with 1,3-diaminopropane dihydrochloride under condi-
tions similar to those which lead to formation of the
diazepinone (IV).

The reaction of glyoxal monohydrate with 1,3-di-
amines takes a different course from that of the sodium
hydrogen sulphite adduct. No reaction with 1,3-di-
aminopropane or 2,4-diaminopentane occurred at pH 4
or 7, but at pH 11 two products could be isolated in each
case. The less soluble product from diaminopropane

7 A. C. Currie, A. H. Dinwoodie, G. Fort, and J. M. C.
Thompson, J. Ckem. Soc. (C), 1967, 491.
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was a base, C;gH;sN,O, the formation of which corres-
ponds to the equation

2C,H,N, + 2C,H,0, —»= C;oH,,N,0 + 3H,0

It is not the imine (V), since the u.v. spectrum shows
only end absorption. The more soluble product from
diaminopropane is also basic and has the formula
C1oH;gN,O,; * its formation corresponds to the equation

2C,H,oN, + 3C,H,0, —» C;,H,iN,0, + 4H,0

The two products obtained from 2,4-diaminopentane
and glyoxal monohydrate, C;,HyN,O and C;gHyeN,O,,*
are exactly analogous to the above compounds. No
structural information could be derived from the n.m.r.
spectra of any of these substances.

While the reaction of 1,3-diaminopropane with glyoxal
derivatives was being investigated, an attempt was

H,N*[CH,);*N:CH-CH:N-[CH,],-N:CH-CHO
\4

BzCPh:N-[CH,];"N:CPhBz
(VI)

made to prepare the unsubstituted 2,3-dihydro-1H-
1,4-diazepine (I; R = H), the isomer of the desired
dihydrodiazepine (II; Rl = R? = H). The preparation
of 2,3-dihydro-1H-1,4-diazepine has not been described,
although the u.v. maximum of the cation has been
recorded; + by analogy with known methods for the
formation of compounds of type (I), it should result from
the reaction of ethylenediamine with malonaldehyde
(generated from 1,1,3,3-tetraesthoxypropane). Under
most conditions, only starting materials or tarry products
were isolated, but in methanolic perchloric acid a
crystalline product containing much ethylenediamine
perchlorate, but having a u.v. maximum at ca. 320 nm.
and an inflection at 339 nm. (in water) was obtained.
(2,3-Dihydro-5,7-dimethyl-1H-1,4-diazepinium per-
chlorate has A, 325 nm. in water.) The chromjum-
(rm1)-malonaldehyde complex ® might be expected to
liberate malonaldehyde under both acidic and alkaline
conditions, whereas 1,1,3,3-tetraethoxypropane is hydro-
lysed only under acidic conditions. However, no
evidence for diazepine formation was obtained when the

* The formulae C,H,;N,0, and C,;H,,N,O, are analogous to
that of the compound C, H,,N,O, formed in aqueous alkaline
buffer from two molecules of ethylenediamine and three molecules
of glyoxal, and shown by X-ray crystallography to have structure
(A) (J. M. Edwards, U. Weiss, R. D. Gilardi, and I. L. Karle,
Chem. Comm., 1968, 1649).

-t

¢) EN; ;JE 0]
N” °N
(A)

+ The reported value of 339 nm. for the absorption maximum
of 2,3-dihydro-1,4-diazepinium perchlorate (C. Barnett, H. P.
Cleghorn, G. E. Cross, D. Lloyd, and D. R. Marshall, J. Chkem.
Soc. (C), 1966, 93) is a misprint; further details, including the
preparation of the perchlorate, have now been published:
C. Barnett, D. R. Marshall, and D. Lloyd, J. Chem. Soc. (B),
1968, 1536.
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complex was treated with ethylenediamine under various
conditions.

Reaction of 1,3-diaminopropane with biacetyl yields
only non-basic tars, but with benzil the di-imine (VI) is
formed. The i.r. spectrum has maxima at 1670 (C=0)
and 1630 (C=N) cm.”t. The n.m.r. spectrum consists of
a multiplet centred at 8 7-3 p.p.m. (20H, phenyl groups),
a triplet at 3-3 (4H, outer methylene protons), and a
quintet at 1-7 p.p.m. (2H, inner methylene protons).

Cyclic 1,2-diketones should be more likely to react
with diamines to give cyclic products than open-chain
diketones, since the ring structure would be expected to
keep the carbonyl groups in a conformation more con-
ducive to cyclisation. In conformity with this predic-
tion, cyclohexane-1,2-dione (which exists largely as the
mono-enol) reacts with 1,3-diaminopropane to yield the
hexahydro-1,5-benzodiazepine (VII). This structure,
rather than the isomeric (VIII), is supported by the i.r.
spectrum: v, _ 3400 (NH) and 1645 and 1625 (C=C and
C=N) cm.?, and also by the u.v. spectrum: 2, 287 nm.
(log € 2-65); cyclohexanedione mono-enol has A, 264
nm. (log € 3-84), and the diketo-form, prepared in solution
from the sodium hydrogen sulphite adduct,® has a low-
intensity maximum at 412 nm. 1,3-Diaminopropane re-
acts with a solution of the diketo-form to yield only
(VII). The hexahydrobenzodiazepine did not isomerise

X 0 CrH

(vi) " (i) (IX)
“
N
CO:NHPh
(X)

on treatment with sodium ethoxide, and no 1,5-benzo-
diazepine was produced on attempted dehydrogenation
with chloranil. It was hydrolysed to cyclohexanedione
and diaminopropane under acidic or alkaline conditions.
Reaction with benzoyl chloride in dry benzene yielded
a hygroscopic crystalline material which decomposed on
absorption of atmospheric moisture; its composition
corresponded approximately to that of the salt (IX).
The diazepine (VII) reacted with phenyl isocyanate to
form a crystalline product which decomposed when
warmed in solution. The crude material had the correct
C to N ratio for the phenylcarbamoyl derivative (X).
Bromination of the diazepine (VII) in carbon tetra-
chloride produced a hygroscopic solid which contained
chlorine as well as bromine, presumably as the result
of a free-radical reaction involving solvent molecules.
Reaction with bromine in bromoform yielded a crystal-
line product, believed to be (XI), which rapidly changed

8 (a) J. P. Collman and E. T. Kittleman, J. Amer. Chem. Soc.,
1961, 83, 3529; (b) J. P. Collman, E. T. Kittleman, W. S. Hurt,
and N. A. Moore, Inorg. Synth., 1966, 8, 141.

9 R. Bakule and F. A. Long, J. Amer. Chem. Soc., 1963, 85,
2309.
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to a dark tar on absorption of atmospheric moisture.
No tractable product was obtained on attempted bromin-
ation of (VII) with N-bromosuccinimide or pyridinium
bromide perbromide.

The diazepine (VII) is isomeric with the 2,3-dihydro-
1H-1,4-diazepine (XII; R = H), which has not been
prepared, although  5a,6,7,8,9,9a-hexahydro-2,4-di-
methyl-1H-1,5-benzodiazepine (XII; R = Me) has pre-
viously been made from 1,2-diaminocyclohexane and
acetylacetone.? An attempt to prepare (XII; R = H)
for comparison with (VII) by reaction of #rans-1,2-di-
aminocyclohexane with malonaldehyde yielded instead
the monohydrate of frans-1,2-bis-(2-formylvinylamino)-
cyclohexane (XIII) or the tautomeric structure. The
ir. spectrum (KBr) contains broad bands at 3300
(hydrogen-bonded NH or OH) and 1600 (chelated
C=0 or C=N and C=C) cm.™..

Unlike cyclohexane-1,2-dione, cyclopentane-1,2-dione
reacts with 1,3-diaminopropane to give tars, even under
nitrogen. Camphorquinone, which can be regarded asa
cyclo-hexane- or -pentane-1,2-dione incapable of enolis-
ation, reacts with diaminopropane to give the di-imine
(XIV). Camphorquinone reacts with carbonyl reagents
at the 3-position, and so structure (XIV) is assumed
rather than the isomeric structure involving reaction of
the carbonyl groups at the 2-position.

Cycloheptane-1,2-dione and diaminopropane reacted
with formation of a product which appeared to be (XV),
but which could not be freed from unchanged ketone
and/or water.

/N> OiN>R NH-CH:CH-CHO
- O, X
Q:Kl Br N“R NH-CH:CH-CHO

erBrH (x1) (xm) H (X11II)

@IO Oﬁ N-CH, LN
N-[CHJ,'N CEO oﬂ
(X1Vv) (xv)

Isatin reacted with 1,3-diaminopropane to yield a
product the composition and spectroscopic data of which
are consistent with the structure (XVI).

When ninhydrin was treated with diaminopropane
under various conditions, dark, sparingly soluble sub-
stances were formed, none of which had the composition
of the expected diazepine or di-imine. A similar product
was formed when indane-1,2,3-trione was used. The
reaction of ninhydrin with aliphatic aw-diamines has
previously been studied by Yamageshi and Yoshida,10
who considered that the amines were oxidised to alde-
hydes, but that the reaction with ethylenediamine was
different from that of longer-chain diamines; the re-
action with 1,3-diaminopropane was not mentioned.
Moubasher and Othman,X however, claim that 1,3-di-

10 M. Yamageshi and T. Yoshida, J. Pharm. Soc. Japan, 1954,
74, 1075 (Chem. Abs., 1955, 49, 1488).

11 R. Moubasher and A. M. Othman, J. Amer. Chem. Soc.,
1950, 72, 2666.
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aminopropane reacts with ninhydrin in aqueous solution
to yield a blue solution from which hydrindantine can be
isolated; no experimental evidence for the fate of the
diamine was given.

e XD
N0 O™ N =N
H H

(XVI) (XVII)

In view of the fact that cyclohexane-1,2-dione con-
denses with 1,3-diaminopropane to form a diazepine,
o-quinones might be expected to yield initially com-
pounds of type (XVII), which should rearrange readily
to  2,3-dihydro-1H-1,5-benzodiazepines. 1,3-Diamino-
propane was treated with tetrachloro-o-benzoquinone,
1,2-naphthoquinone, sodium 1,2-naphthoquinone-4-sul-
phonate, phenanthrenequinone, and acenaphthenequin-
one, but in all cases the products were insoluble, high-
melting materials, the compositions of which corres-
ponded neither to the desired diazepines nor to the di-
imines formed from two molecules of quinone and one of
diamine. A complex reaction between true quinones
and diamines is not unexpected, but the failure of
phenanthrenequinone and acenaphthenequinone to yield
identifiable products is more surprising in view of the
fact that benzil and diaminopropane undergo a simple
condensation reaction.

Although 1,3-diketones react with 1,2-diamines to
yield diazepines, reaction with 1,3-diamines is unlikely
to produce eight-membered ring analogues. In fact,
acetylacetone reacts with 2,4-diaminopentane in alkaline
buffer solution to give (XVIIIa or b; R = Me); no
reaction with 1,3-diaminopropane occurs under these
conditions, but under different conditions the compound
(XVIIIaorb; R = H) is formed (cf. ref. 12). The solid-
phase i.r. spectra of the compounds (XVIII; R = Me
and R = H) both contain a very broad, low-intensity
band between 2000 and 4000 cm.” (OH or NH groups
with extensive hydrogen bonding), a doublet at 1570 and
1620 cm.™ (chelated C=O or C=N), and a band at 738
cm. ! (C=C). The spectra of solutions in bromoform

O,H-.,,]‘\I‘.CHR.CHa-CHR~rI~I:-"H\IO (XVIIa)
i
MeCs~CMe MeCre 2CMe

c v

o sNeHR-CHCHR-NT O i)
f i 2 i C”M (
MeC\C,/CMQ MeC\\C, e

H H

contain bands at 3300 and 3500 cm.l. The n.m.r.
spectra of these products can be interpreted in terms of
the enamine structure (XVIIIb) (Table 2). Complete

12 (g) P. J. McCarthy, R. J. Hovey, K, Ueno, and A. E. Martell,
J. Amer. Chem. Soc., 1955, 77, 5820; (b) A. E. Martell, R. L.
Belford, and M. Calvin, J. Inorg. Nuclear Chem., 1958, 5, 170;
(¢) G. O. Dudek and R. H. Holm, J. dmer. Chem. Soc., 1961, 83
2099.
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TaBLE 2

N.m.r. spectra of products from acetylacetone and
1,3-diamines (p.p.m. from tetramethylsilane)

/CHz\
H /C}Z{Z f Cljz H-
O”'d\P \'?‘/d (R
C:!3C~ ¢C'CCH3 CI::|3C§C,C'C1:|3

H

b b
Solvent:
CCl, 1-90 4:83 1090 3-33, 3-43 Under CH,
CgH, 142 202 486 11:10 2-59,2-68 1-05(m)
Assignment H. H, H, Hy H. H;

(cf. ref. 12¢)
Ci;{:.,\ /Cl;'lz\ /C';l3
Ho /Cl;! CH H
gy SNeQ
C A éC \C4C'C|213 C§§C§C, C'C!;la

H H

b b
Solvent:
CDCl, 1-16,1-26 1-79 1-99 4.92 10-80 3-70 (m) ¢a. 1-75
Assignment Hg H, H, H, Hy H, H;

analysis of the spectrum of (XVIII; R = Me) is not
possible since the resonance due to the methylene protons
is largely obscured by the methyl resonances. Dimedone
reacts with 1,3-diaminopropane to give the compound
(XIX), or its tautomer, the i.r. spectrum (KBr) of which
contains a broad band between 1500 and 1600 cm.?,
presumably due to conjugated C=0, C=N, and C=C
groups. Only polymeric material was obtained from the
reaction of malonaldehyde with diaminopropane.

Me, Me,
NH-[CH,] NH
o (XIX)
EXPERIMENTAL

- Lr. spectra were recorded with a Perkin-Elmer Infracord
model 137 or a Hilger-Watts Infrascan spectrophotometer,
and u.v. spectra with a Unicam SP 700 or an Optica CF4R
spectrophotometer. N.m.r. spectra were determined with
a Perkin-Elmer R10 instrument with tetramethylsilane as
internal standard. Molecular weights in solution were
measured with a Mechrolab vapour pressure osmometer.

2,4-Diaminopentane.—A mixture of (4)- and meso-
2,4-diaminopentane dihydrochloride was prepared by reduc-
tion of acetylacetone dioxime with sodium and ethanol.1®
The base was obtained by treating the salt with saturated
sodium hydroxide solution and extraction with ether.

The acetyl derivatives of the (+)- and meso-diamines
could not be separated by t.l.c. on silica gel.

cis-5,7-Dimethylhexahydro-1,4-diazepin-2-one.—A solution
of glyoxal sodium hydrogen sulphite addition compound

(2-84 g.) and 2,4-diaminopentane dihydrochloride (1-75 g.)
in 509, aqueous ethanol (50 ml.) was refluxed for 2 hr.,
and then concentrated to half its volume under reduced
pressure, basified with sodium hydroxide, and extracted
with chloroform. The extract was dried (MgSO,) and
evaporated to yield cis-5,7-dimethylhexahydro-1,4-diazepin-
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2-ome (0-7 g.) as a yellow solid, m.p. 141—146°. Five re-
crystallisations from acetone gave white crystals, m.p.
181—182° [Found: C, 59-3; H, 9-9; N, 19-5%,; M (mass
spectrometry), 142. C,H;,N,O requires C, 59-2; H, 9-9;
N, 19-79%,; M, 1421, M (solution) 147 (acetone and ethanol),
150 (chloroform), and 277 (water), M (Rast) 285. No pure
stereoisomer could be isolated from the mother liquors from
the recrystallisation.

No product soluble in organic solvents was obtained by
using glyoxal monohydrate instead of the hydrogen sulphite
adduct, or by using 1,3-diaminopropane dihydrochloride
instead of diaminopentane dihydrochloride.

Deyivatives of  cis-5,7-Dimethylhexahydro-1,4-diazepin-
2-one.— 4-Benzoyl-5,7-dimethylhexahydro-1,4-diazepin-2-one
was prepared under Schotten-Baumann conditions; m.p.
243--245° (from ethanol) (Found: C, 68-2; H, 7-3; N,
11-6. C,;,H,N,O, requires C, 68-3; H, 7-2; N, 11-4%).
The acetyl derivative, obtained as an oil, could not be in-
duced to crystallise. The picvate had m.p. 251—253°
(from ethanol) (Found: C, 42:0; H, 4-6: N, 19-0. C;3H,,-
N;Oq requires C, 42-05; H, 4-6; N, 18-9%,). The diazepin-
one did not react with phosphoryl chloride, and no tractable
product could be separated from the dark solutions obtained
by treatment with phosphorus pentachloride in toluene or
xylene on a water-bath.

Reduction of cis-5,7-Dimethylhexahydro-1,4-diazepin-2-one.
—A suspension of the diazepinone (0-5 g.) in dry tetra-
hydrofuran (30 ml.) was added to a stirred solution of
lithium aluminium hydride (0-27 g.) in dry tetrahydrofuran
(30 ml.) at such a rate as to maintain gentle boiling. The
solution was then refluxed for a further 3 hr. and left over-
night at room temperature. After dropwise addition of
water to destroy the excess of hydride, the solution was
basified with sodium hydroxide, and the organic layer
separated and dried (KOH). Evaporation of solvent under
reduced pressure yielded cis-5,7-dimethylhexahydro-1,4-di-
azepine as a brown oil (0-2 g., 21-99,). The picrate, pre-
pared by addition of a solution of picric acid in benzene,
had m.p. 229—230° (from ethanol) (Found: C, 39-3; H,
3:7; N, 19-4. C,H,,NO,, requires C, 38-9; H, 3-75; N,
19-1%).

Reaction of Glyoxal Monohydrate with 1,3-Diaminopropane.
—Glyoxal monohydrate (0-76 g., 0-01 mole) and 1,3-di-
aminopropane (0-74 g., 0-01 mole) were dissolved in pH 11
buffer (20 ml.) and set aside overnight. The precipitated
product (A) (0-6 g.) was filtered off; m.p. 171—172° (from
aqueous acetone) [Found: C, 52-6; H, 89; N, 24-6%; M
(mass spectrometry), 210-1471. C,,H,sN,O,H,0 requires C,
52:6; H, 88; N, 24:6%; M (for C;,H,;{N,0), 210-1480].
A second product (B) (0-4 g.) was isolated by extracting the
aqueous mother liquor with chloroform, drying the extract
(MgSO,), and evaporating at room temperature. The
residue was purified by dissolution in chloroform and re-
precipitation with acetone; m.p. 240—243° [Found: C,
55-0; H, 84; N, 25-5%,; M (mass spectrometry), 250; M
solution), 470 (ethanol), 555 (carbon tetrachloride), 960
(water). C,,H,,N,0, H,O requires C, 53-7; H, 7-5; N,
20-9%; M (for C;,H,,N,0,), 250]. No detectable reaction
occurred between glyoxal monohydrate and diaminopropane
in solutions of pH 4 or 7. The substances (A) and (B)
showed only end absorption in the u.v. region; the i.r.
spectra of both contained a broad band ca. 3300 c¢m.™?
(hydrogen-bonded NH or OH) and a peak at 1640 cm.™.

13 C. J. Dippel, Rec. Trav. chim., 1931, 50, 525.
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Both substances gave glyoxal bis-2,4-dinitrophenylhydraz-
one, m.p. and mixed m.p., 327°, when treated with Brady’s
reagent or a solution of 2,4-dinitrophenylhydrazine in bis-
(2-hydroxyethyl) ether containing a few drops of acetic
acid,* but no reaction occurred with hydroxylamine, semi-
carbazide, or dimedone. Product (B) was decomposed by
heating in organic solvents as well as by cold aqueous acid
or alkali. The dihydrochloride of (A) was precipitated by
passing dry hydrogen chloride through an ethanolic solution
of (A), and recrystallised from aqueous acetone; m.p.
193—195° (Found: C, 37-8; H, 7-7; Cl, 22-5; N, 17-4.
C,,H,N,O,2HC1,2H,0 requires C, 37-6; H, 7-5; Cl, 22-3;
N, 17:69%). Product (A) was converted to its picrate,
m.p. 157—159°, by addition of cold saturated alcoholic
picric acid (Found: C, 39-7; H, 4-0; N, 20-5. C;,H,N,0,-
2C¢H,N,0, requires C, 39-5; H, 3-6; N, 20-95%). A
hygroscopic hydrochlovide and a picrate were similarly
obtained from the substance (B), but neither could be
obtained pure. Product (A) did not react with benzoyl
chloride in pyridine, but with benzoyl chloride and sodium
hydroxide a dark oil was produced.

Reaction of Glyoxal Monohydrate with 2,4-Diaminopentane.
—The reaction was carried out as with diaminopropane.
The precipitated product (C) (0-5 g.) was purified by washing
with methanol and ether; m.p. 136—139° [Found: C,
60-3; H, 10-0; N, 1899%,; M (mass spectrometry), 266.
C H,eN,O,H,0 requires C, 59-2; H, 9-9; N, 19-7%; M
(for C;,H,N,O), 266]. The soluble product (D) (1-2 g.)
was isolated and purified as for (B); m.p. 160—162°
{Found: C, 59-1; H, 8-8; N, 18:05%,; M (mass spectro-
metry), 306; M (solution), 277 (ethanol), 274 (acetone), 555
(carbon tetrachloride). C;qH,eN,0,H,0O requires C, 59-3;
H, 86; N, 17-3%; M (for C;4H,6N,0,), 306].

Reaction of Ethylenediamine with Malonaldehyde —A solu-
tion of 1,1,3,3-tetraethoxypropane (1-88 g.) and ethylenedi-
amine (0-6 g.) in methanol (50ml.) containing perchloric acid
{70%; 1 ml.) was refluxed for 2 hr. Evaporation of solvent
yielded an oil which was taken up in acetone. The per-
chlorate which separated after 1 hr. was filtered off and
recrystallised from water; m.p. 164—166° (Found: C,
39-8; H, 7-1; Cl, 147; N, 11-4%). Reaction of the per-
chlorate with benzoyl chloride and alkali yielded NN’-di-
benzoylethylenediamine, m.p. and mixed m.p. 244°
During benzoylation, the reaction mixture darkened,
possibly owing to liberation, and subsequent polymerisation,
of malonaldehyde (cf. reaction of 2,3-dihydro-5,7-dimethyl-
1H-1,4-diazepinium salts under similar conditions 13).

Attempted veaction of Tvis(propanedialato)chvomium with
Ethylenediamine.—Tris(propanedialato)chromium was pre-
pared by the method of Collman and his co-workers,® but
in lower yield. Solutions of the complex (0-1 g.) and ethyl-
enediamine (0-1 g.) in methanol (5 ml.) were acidified with
hydrochloric acid or basified with sodium hydroxide, and
left for 24 hr. at room temperature; the u.v. spectrum was
recorded at intervals. In no case was evidence of reaction
obtained.

1,3-Bis-(«a-benzoylbenzylideneamino)propane.—A  solution
of benzil (4-2 g., 0-02 mole) and 1,3-diaminopropane (0-74
g., 001 mole) in methanol (30 ml.) was refluxed for 4 hr.,,
concentrated to 10 ml., and left overnight at 0°. The solid
which separated gave yellow crystals of 1,3-bis-(x-benzoyl-
benzylideneamino)propane (2-5 g., 54-6%,), m.p. 106—108°
{from methanol), & . (MeOH) 251 nm. (log ¢ 3-84) (Found:
C, 81:45; H, 5-8; N, 6-5. C,;,;HyN,0O, requires C, 81-2; H,
57; N, 61%). The compound reacts with Brady’s
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reagent to form benzil bis-2,4-dinitrophenylhydrazone, m.p.
and mixed m.p. 315—317° but is unaffected by aqueous
alkali or acid chlorides.

2,3,4,6,7,8-Hexahydvo-1H-1,5-benzodiazepine.—Cyclohex-
ane-1,2-dione (1-12 g., 0-01 mole) was dissolved in water
(10 ml.) containing a few drops of ethanol, and added to a
solution of 1,3-diaminopropane (0-74 g., 0-01 mole) in water
(10 ml.). After 8 hours at room temperature, the yellow
diazepine was filtered off and recrystallised from methanol;
yield 0-8 g. (63-3%), m.p. 180—182° (Found: C, 72-0; H,
9-5; N, 186. C,H,,N, requires C, 72-0; H, 9-3; N,
18-7%).

The same product was obtained by treating a solution in
dioxan of the diketo-form of cyclohexane-1,2-dione, pre-
pared by the method of Bakule and Long,? with aqueous
or methanolic solutions of diaminopropane. The diazepine
is hydrolysed to cyclohexane-1,2-dione and diaminopropane
by aqueous acid or alkali, and with Brady’s reagent it yields
cyclohexane-1,2-dione bisdinitrophenylhydrazone, m.p. and
mixed m.p. 233—234°.

Bromination of 2,3,4,6,7,8-Hexahydro-1H-1,5-benzodi-
azepine.—(a) A solution of bromine (0-8 g.) in carbon tetra-
chloride (15 ml.) was added dropwise to the diazepine (1-5g.)
in carbon tetrachloride (15 ml.). The precipitated solid
(0:9 g.), m.p. ca. 70° (decomp.), contained chlorine as well as
bromine, decomposed on attempted recrystallisation, and
rapidly absorbed atmospheric moisture, with decomposition.

(b) The diazepine (1-5 g.) in bromoform (20 ml.) was
treated dropwise with a solution of bromine in bromoform
until no further precipitation of 9, 9a-dibromo-2,3,4,6,7,8,9,9a-
octakydvo-1H-1,5-benzodiazepinium bromide occurred. The
product (1-3 g., 32%) decomposed on absorption of atmos-
pheric moixture, and on attempted recrystallisation; it was
purified by washing with bromoform and ether; m.p.
170—173° (Found: C, 30-3; H, 3-8; Br, 63:45; N, 7-1.
C,H,;Br,N, requires C, 27-6; H, 3-8; Br, 61:4; N, 7-2%,).

{¢) N-Bromosuccinimide (1-7 g.) and diazepine (15 g.)
were dissolved in carbon tetrachloride or chloroform (150
ml.) and the solution was refluxed with and without u.v.
irradiation. Black solids of indefinite m.p. separated.

(d) Pyridinium bromide perbromide (1-95 g.) dissolved
in acetonitrile (10 ml.) was added to the diazepine (0-75 g.)
in acetonitrile (10 ml.) and the solution was warmed on a
water-bath. Black tar separated; no tractable product
could be isolated.

Other Derivatives of 2,3,4,6,7,8-Hexahydro-1H-1,5-benzodi-
azepine—Addition of benzoyl chloride to a solution of the
diazepine in dry benzene yielded a precipitate of 1-benzoyi-
2,3,4,6,7,8-hexahydro-1H-1,5-benzodiazepinium chloyvide, m.p.
237—240°. The compound decomposed rapidly on ex-
posure to air, and on basification (Found: C, 62-0; H, 7-0;
Cl, 12+4; N, 9-8. C,H,,CIN,O requires C, 66-2; H, 6-5;
Cl, 12-1; N, 9-6%). Attempted formation of the acetyl
derivative in the same way yielded a semi-solid precipitate
which immediately decomposed to a dark tar when filtered
off.

Treatment of the diazepine, in benzene, with phenyl
isocyanate produced a precipitate of a substance, m.p.
120° (decomp.), which decomposed on warming with solvents
and could not be recrystallised (Found: C, 64-1: H, 87;
N, 13-85. Calc. for C;H;;N,0: C, 71-3; H,7-1; N, 15-69,).

14 . J. Shine, J. Org. Chem., 1959, 24, 252, 1790.
15 D. Lloyd, R. H. McDougall, and D. R. Marshall, J. Ckem.
Soee. (C), 1966, 780.
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Attempted Dehydvogenation of 2,3,4,6,7,8-Hexahydro-1H-
1,5-benzodiazepine—The diazepine (0-75 g.) was dissolved
in xylene (10 ml), chloranil (1:2 g.) in xylene (5 ml.) was
added, and the solution was boiled for 30 min. Black
solid, m.p. >360°, separated.

trans-1,2-Bis-(2-formylvinylamino)cyclohexane.— 1,1,3,3-
Tetraethoxypropane (1-88 g.) and hydrochloric acid (1 ml.)
were stirred in water (10 ml.) until the mixture was homo-
geneous, and then added to #ans-1,2-diaminocyclohexane
(1-12 g.) in pH 5 buffer (20 ml.). After 3 days the solution
was basified with sodium hydroxide and extracted with
chloroform. The extract was dried (MgSO,), and the
solvent was removed under reduced pressure at room
temperature, to yield trans-1,2-bis(2-formylvinylamino)-
cyclohexane monokydrate, purified by washing with acetone;
yield 1-02 g. (45-9%), m.p. 270° (decomp.), A, 240 and 284
nm. (log € 2-74 and 3-14) (Found: C, 60-5; H, 7-6; N, 11-4.
C;,H (N,0,,H,O requires C, 60-0; H, 83; N, 11-7%,).
The same product was obtained in lower yield at pH 7, but
no reaction occurred in alkaline buffer. The compound is
sensitive to heat and acid.

Attempted Reaction of Cyclopentane-1,2-dione with 1,3-Di-
aminopropane.—Cyclopentane-1,2-dione, prepared from
cyclopentanone by Acheson’s procedure,® was treated with
1,3-diaminopropane in methanol, ethanol, or benzene at
room and at reflux temperature, and also in aqueous buffer
solutions (pH 4, 7, or 11). 1In all cases, dark tars were ob-
tained, even in a nitrogen atmosphere; no tractable pro-
ducts could be separated by chromatography.

(+)-1,3-Bis(2-oxobornan-3-ylideneamino) propane.—A. sol-
ution of (—)-camphorquinone (1-66 g.) and 1,3-diamino-
propane (0-5 ml.) in ethanol (12 ml.) was refluxed for 4 hr.,
and then concentrated to 5 ml. and chromatographed on
silica gel (100 g.), with methanol as eluant. Evaporation
of the eluate under reduced pressure left an oil which parti-
ally solidified when left in an evacuated desiccator, and
which, when stirred with a little ether, yielded pale yellow
crystals of (+)-1,3-bis(2-oxobornan-3-ylideneamino)propane,
which were washed well with ether; yield 0-63 g. (34-1%,),
m.p. 104—107°, [6],2° 4-203° [0-1056 g., chloroform (5 ml.)],
Ve (KBr or CHBry) 1750 (C=0) and 1675 (C=N) cm.?,
Amax, (MeOH) 217, 283, and 376 nm. (log ¢ 4-16, 2-41, and
1-88) [camphorquinone (MeOH) has A . 207, 285, and
488 nm. (log ¢ 3-08, 1-40, and 1-49)] (Found: C, 74-3; H,
9-2; N, 7-6. C,H,N,0, requires C, 74-6; H, 9-2; N,
7-6%). The compound cannot be purified by recrystall-
isation, as it is soluble in all common organic solvents except
petroleum, and is hydrolysed with formation of camphor-
quinone on attempted recrystallisation from a mixture of
organic solvent and water.

Reaction of Cycloheptane-1,2-dione with 1,3-Diamino-
propane.—Cycloheptane-1,2-dione was prepared by oxid-
ation of cycloheptanone with selenium dioxide.!? A mixture
of cycloheptane-1,2-dione (1-26 g.) and 1,3-diaminopropane
(0-74 g.) was heated under reflux for 1 hr. The residue,
which decomposed on attempted vacuum distillation, was
dissolved in chloroform (10 ml) and the solution was
chromatographed on alumina (Spence, grade H). Elution
with chloroform effected separation into four distinct yellow
bands. The first and last contained cycloheptanedione
and diaminopropane respectively. The second band yielded
a yellow oil, v, 1715 (C=0) and 1660 (C=N) cm.™, together
with bands ascribable to unchanged diketone; A (MeOH)
294 nm.; [cycloheptane-1,2-dione has X 270nm.] (Found:

max.

C, 69-5; H, 9-5; N, 7.95. C,,H,;;N,O, requires C, 70-3; H,
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9:0; N, 9-69%). A similar oil was obtained from the third
band (Found: C, 57-3; H, 83; N, 885%). The same
product mixture was obtained when the reaction was carried
out in boiling methanol or ethanol, or in xylene with azeo-
tropic removal of water, or by leaving an aqueous solution
of the reactants overnight and then extracting with chloro-
form.

1,3-Bis-(3-oxindolylideneawmino)propane.—A solution of
isatin (2-94 g., 0-02 mole) and 1,3-diaminopropane (0-74 g.,
0-01 mole) in methanol (50 ml.) was boiled for 1 hr. The
precipitate was filtered from the hot solution and washed
with hot methanol (in which unchanged isatin is soluble)
and with ether to yield 1,3-bis-(3-oxindolylideneamino)pro-
pane as a red-brown powder (2-3 g., 93:7%), m.p. 225—
227°, vy, (KBr) 1650 cm.™ (C=N), A, (MeOH) 204,
246, 251, 292, and 391 nm. (log € 4-64, 4-59, 4-56, 3-89, and
3-35) [isatin has A, (MeOH) 212, 245, 250, 302, and 426
nm. (log ¢ 409, 4-26, 4-18, 3-39, and 2:71)] (Found: C,
68-4; H, 5-1; N, 16-85. C,,H,,N,O, requires C, 68-6; H,
4-8; N, 16:99%). The compound is sparingly soluble in all
common organic solvents; recrystallisation from aqueous
dimethylformamide was accompanied by decomposition.

Reactions of Ninhkydrin and Indane-1,2,3-trione with
1,3-Diaminopropane.—Solutions of ninhydrin (1-78 g.) in
water (60 ml.) or ethanol (60 ml.) were treated with 1,3-di-
aminopropane (0-74 g, or 0-37 g.), and either refluxed for
1 hr. or left at room temperature for 24 hr. The dark-
coloured products were filtered off; those from aqueous
solution were heavily hydrated and lost water in vacuo at
100°, but not at room temperature. The solid phase i.r.
spectra were poorly resolved, but appeared to show absorp-
tion corresponding to C=O and C=N.

Indane-1,2,3-trione, prepared by dehydration of nin-
hydrin with thionyl chloride,!8 reacted with diaminopropane
in boiling dry benzene to produce black solids of indefinite
m.p.

Reaction of o-Quinones with 1,3-Diaminopropane.—Tetra-
chloro-o-benzoquinone, 1,2-naphthoquinone, sodium 1,2-
naphthoquinone-4-sulphonate, phenanthrenequinone, or
acenaphthenequinone (0-01 mole) was treated with 1,3-di-
aminopropane (0-74 g., 0-01 mole) in methanol, ethanol, or
acetic acid at room or at reflux temperature. N-Methyl-
2-pyrrolidone (NMP) and NN-dimethylformamide were also
used as solvents in experiments with the last two quinones,
and sodium naphthoquinonesulphonate was also treated
with diaminopropane in water. In many cases, dark
solids of high (>360°) or indefinite m.p. were formed, but
some apparently homogeneous products (Table 3) were
precipitated from the hot solutions or on cooling.

2,4-Bis(2-acetyl-1-methylvinylamino)pentane—A solution
of 2,4-diaminopentane (1-0 g.) and acetylacetone (2-0 g.) in
pH 11 buffer (20 ml.) was left for 24 hr. at room tempera-
ture. The precipitated product was filtered off and re-
crystallised six times from light petroleum (b.p. 60—80°) to
yield pure 2,4-bis(2-acetyl-1-methylvinylamino)pentane (1-5
g., 56-49%), m.p. 116—118°, K. (MeOH) 318 nm. (log ¢
3-42) [Found: C, 67-6; H, 9-65; N, 10:6%,; M (mass
spectrometry), 266. C,;H,,N,O, requires C, 67-7; H, 9-8;
N, 10:5%; M, 266]. The compound is hydrolysed in acid
solution, and yields green precipitates with methanolic
solutions of ferrous, chromic, or cupric salts. There was

18 R. M. Acheson, J. Chem. Soc., 1956, 4232.

17 R. W. van der Haar, R. C. Voter, and C. Banks, J. Org.
Chem., 1949, 14, 836.

18 A, Schénberg and R. Moubasher, J. Ckem. Soc., 1943, T1.


http://dx.doi.org/10.1039/j39690002044

Published on 01 January 1969. Downloaded by McMaster University on 29/10/2014 13:25:02.

Org.
TABLE 3
Reaction Product Product
Quinone conditions  m.p. composition (%)
Tetrachloro-o- EtOH, 290° C, 25:2; H, 83;
benzoquinone reflux (decomp.) Cl, 47-45; N, 18:55.
1,2-Naphthoquinone MeOH, 48 210 C, 69-7; H, 53;

hr,, room (decomp.) N, 10-0.

temp.

Sodium 1,2- MeOH, > 360 C, 38-2; H, 3-2;
naphthoquinone-4- reflux N, 5:3; S, 9-5.
sulphonate

Phenanthrene- MeOH, 295 C, 84:0; H, 4-7;
quinone reflux N, 4:0.

Acenaphthene- NMP, 24 190—193 C, 64-8; H, 4-5;
quinone hr., room N, 10-75.

temp.

no reaction between acetylacetone and diaminopentane in
solutions of pH 4 or 7, and reaction in xylene with azeo-
tropic removal of water yielded intractable tars.

1,3-Bis-(2-acetyl-1-methylvinylamino) propane.—A solution
of acetylacetone (1-0 g.) and 1,3-diaminopropane (0-7 g.)
in xylene (30 ml.) was refluxed for 2 hr. with azeotropic re-
moval of water. The xylene was removed under reduced
pressure, and the oily residue was dissolved in chloroform
(5 ml.) and chromatographed on alumina (Spence, grade H).
Elution with chloroform caused separation into three
yellow bands, the first of which yielded 1,3-bis(2-acetyl-
I-methylvinylamino)propane, (1-0 g., 849%), m.p. 51°
(lit.,12 51°, 61°) A, . (MeOH) 318 nm. (log  3-85) (Found: C,
65-5; H, 9-1; N, 11-6. Calc. for C;;H,,N,0,: C, 65-5; H,
9-2; N, 11-8%,). The other two bands yielded 1,3-diamino-
propane and acetylacetone. Acetylacetone and diamino-
propane did not react in aqueous buffer solutions.
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1,3-Bis-(5,5-dimethyl-3-oxocyclohexenylamino) propane.—
Dimedone (2-8 g.) and 1,3-diaminopropane (0-8 g.) were
dissolved in ethanol (40 ml) and the solution was boiled
for 2 hr., or in benzene (40 ml.) and the solution was re-
fluxed for 1 hr. with azeotropic removal of water. After
evaporation of the solvent, the residue was washed with
acetone and recrystallised from methanol, yielding 1,3-bis-
(8,5-dimethyl-3-oxocyclohexenylamino) propane, (1-8 g.,
56:6%) as yellow crystals, m.p. 276—277°, » (MeOH)
290 nm. (log ¢ 4-27) (Found: C, 71-8; H, 9-6; N, 9-0.
C,oH (N0, requires C, 71-7; N, 9-4; N, 8:8%).

Reaction of Malonaldehyde with 1,3-Diaminopropane.—(a)
1,1,3,3-Tetraethoxypropane (6-5 g.) was shaken with hydro-
chloric acid (2n; 7 ml.) until the mixture was homogeneous,
and the solution was added to 1,3-diaminopropane (1-1 g.)
in xylene (40 ml.). It was refluxed until no more water was
removed by azeotropic distillation. A dark tar, insoluble
or sparingly soluble in all common solvents, separated.

(b) The acetal (6-0 g.) was hydrolysed as in (a), and the
solution was neutralised with solid potassium carbonate.
The resulting solution was added to 1,3-diaminopropane
(1 g.) in pH 11 buffer (55 ml.) and left for 48 hr. The solu-
tion darkened; extraction with ether or chloroform pro-
duced a brown gum insoluble in common organic solvents
except methanol and ethanol.

‘We thank Drs. A. G. Loudon and P. H. M. Cardnell for
the mass spectra, and Drs. M. R. Bramwell and J. Arotsky

for assistance with n.m.r. and u.v. spectroscopy respectively.
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