
Tmahe&on. Vol. 25, pp. 3465 to 5473 Rrgamon Pm5 I969 mnted in Great Bntain 

lO,lO’-BI[4.5,6.7]DIBENZ[1.3]DIAZEPIN0[2.1-u]- 
ISOINDOLINYLIDENES 

NOVEL HETEROCYCLES RELATED TO /?-ISOINDIGO 

A. P. BINDRA and J. A. ELIX 

Chemistry Department, Australian National University, Canberra 2400, Australia 

(Received in the UK 1 July 1969; Acceptedforpublieation 23 July 1969) 

Abalrae-The title compounds (V, VI), armelated analogues of diimino-jGsoindig0, have been prepared 
by the condensation of o-phthalaldehyde with 2,2’diaminobiphenyl. The partially cyclizcd compounds 
VII and VIII were ale0 obtained from this reaction. 

CONSIDERABLE effort has been directed at the synthesis of monocyclic, conjugated 
compounds containing 1Onelectrons and has recently led to the detection of the 
parent isomeric [lo] annulenes (e.g. I),’ the synthesis of the bridge-bonded derivatives 
(11)2, 3 and the preparation of several annelated [lo] annulenes4* s 

X = CH,. 0. NH. NMe. NCOMe 

The effect of hetero atoms on the properties of such ring systems is still not known 
but would obviously be of considerable interest. For instance, molecular models of 
1,6diaza[l0]annulene (III) appear to be reasonably strainless, and indicate that the 
deviation of the molecule from coplanarity should not be sufficient to compete with 
the predicted aromatic stabilization. 

An earlier attempt to prepare the annelated l$diaza[ lo] annulene (IV) through the 
condensation of 22’diaminobiphenyl and o-phthaladehyde failed to yield any 
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identifiable products.6 We have reinvestigated this reaction in an effort to isolate the 
annulene, IV. 

As was observed previously6 the major product of the condensation was a “linear” 
polymer. In addition, four highly coloured products of relatively low molecular weight 
have been isolated and characterized, namely, cis and trams lO,lO’-bi[4.5,6.7]dibenz- 
[1.3]diazepino[2.1-alisoindolinylidene (V) and (VI) respectively, and cis and truns 
10[N-(2”-amino-2’-biphenylyl)l-isoindol-3-onylidene]isoindolo[2.l-a]dibenzo[d.f]- 
1,3diazepine, (VII) and (VIII). These compounds were separated and purified by 
repeated thick layer chromatography on alumina. 
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However no trace of the desired annulene (IV) was obtained. 

Structure determination of V, VI, VII and VIII 
The determination of the structure of the novel, polycyclic heterocycles V, VI, VII 

and VIII presented considerable dficulties. 
Probably the most informative evidence was provided by mass spectroscopy. 
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Accurate mass measurement of the respective molecular ions confirmed the empirical 
formulae, C,,H,,N, for V and VI, and C&H,,N,O for VII and VIII. However the 
mass spectral fragmentation patterns were obscure and of no aid in the structure 
elucidation. 

The empirical formulae provided an insight into the relation between V, VI and 
VII, VIII and this was further substantiated by the infrared and NMR spectra of the 
compound VII. 

GJU’J~ C&JW 
v, VI VII, VIII(?) 

(di-anils) (keto-amines) 

More precisely, the NMR spectrum of VII showed that this compound contained 
two exchangeable protons (with D,O). The IR spectrum confirmed that these were 
due to a primary amino group (v 3450,336O cm- ‘), and also exhibited CO absorption 
at 1710 and 1690 cm-‘, consistent with the cyclic imidimine structure assigned. 

This interpretation of the spectral data for the compounds V, VI and VII was 
subsequently confirmed by their chemical interconversion. Both the anhydrocom- 
pounds V and VI rapidly hydrolysed when a chloroform solution was exposed to the 
atmosphere, to give a mixture of VII and VIII. This behaviour is typical of a Schiff s 
base or an enamine. Conversely, dehydration of either VII or VIII with phosphorus 
oxychloride and pyridine, regenerated a mixture of the anhydro compounds V and VI. 
However the latter two compounds have been shown to equilibrate in the presence of 
these reagents. 

At this stage of the structural investigation of V, VI, VII and VIII, the major feature 
still to be determined was the nature of the overall polycyclic system. As expected, 
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the UV spectra provided the most useful evidence in this respect. The striking simil- 
arity of the UV and visible spectra of the di(3-alkylimino-1-isoindolinylidenes) 
(X)’ with the spectra of V, VI, VII and VIII identified the chromophoric groups present 
in these compounds (Figs, 1, 2). With this knowledge the overall structure of the 
products V, VI and VII could be deduced from the empirical formulae. The structure 
of VIII also followed. The isomers VII and VIII were obviously closely related struct- 
urally, because the chromatographic behaviour of these two compounds was ex- 
tremely similar. Moreover, the electronic spectra confirmed that both compounds 
possessed substantially the same chromophoric group (Fig. 2) and showed no 
resemblance to that of IXA,6 thus ruling out the alternative structure (IX). 

CH=CH-Ph 

XI 

Since the inter-relation between the products V, VI and VII had already been 
established, it was only necessary to confirm the gross structure of one of these com- 
pounds by chemical means. This was achieved by oxidising VI with potassium per- 
manganate in acetic acid. The major product was identified as N-(2’-nitro-Zbi- 
phenylyl)phthalimide (XI). 

At this point, all that remained to be established was the structural differences 
between V and VI, and between VII and VIII. The equilibration studies mentioned 
previously, led to the surmise that these four compounds were, in fact, two pairs of 
geometrical isomers. This interpretation was also consistent with all the spectral data 
and, in particular, explained the close similarities between V and VI and between VII 
and VIII. 

The assignment of configuration to the two pairs of geometrical isomers was based 
on a comparison of the NMR and electronic spectra, in conjunction with a study of 
molecular models. With each group of compounds, the isomer with higher R, and 
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shorter wavelength absorption (in the visible spectrum) was assigned the cis con- 
figuration. Molecular models confirmed that the k-isomers were more compact, 
and that the component, conjugated systems show greater deviations from planarity. 

Furthermore, a model of the cis isomer (V) showed that a number of aromatic 
protons were held above the x-cloud of the adjacent benzene rings. Hence supporting 
evidence for the above assignation of configuration is provided by the NMR spectrum, 
since V shows a distinct uplield shift of the aromatic protons in comparison with VI 
(AZ = 0.95). 

On closer inspection of a model of VIII, it became apparent that although the 
conjugated, g-isoindigoid system (see XV) was more nearly planar than that of VII 
the overall molecule suffered more serious steric interference than did the latter. This 
would explain why VII appears to be the thermodynamically staole isomer, and the 
proponderant hydrolysis product. 

Reaction mechanism 
Any speculations concerning the mechanism of this condensation are by necessity 

only tentative, since the large bulk of the product was composed of “linear” polymers 
and V, VI, VII and VIII are really only minor byproducts. 

However, one of the most interesting questions which arose once the structures of 
V and VI had been established, was how to forward a convincing mechanism to 
account for the dehydrogenation which must have accompanied the normal amine- 
aldehyde condensation (Scheme I). 
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SCHEME I 

2 + - V + VI + 4H,O + 4H(?) 

A feasible mechanism for this reaction is outlined in Scheme II. 
The key intermediate involved is the dicarbinolamine (XII), the formation of which 

can readily be accounted for by a normal aminedialdehyde condensation. 

SCHEME II 

-H,O -H,O 

,NH, 

The oxidation of carbinolamines by one-electron oxidising agents is well established 
(e.g. with 5-hydroxy-2-pyrrolones), so we propose that XII is susceptible to oxidation 
by the atmospheric oxygen present in the reaction system. The so-formed hydroxy- 
phthalimidine (XIII) would then lead to the observed products V, VI and VII, VIII 
as shown. 3-hydroxyphalimidine (XIV) itself, is known to undergo a parallel con- 
version to II-isoindigo (XV) on heating’ (see Scheme III). 
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KMnO,aq (2 ml) was added. After the reaction mixture had been permitted to stand at room temp (15 
min), it was cooled in an ice-bath, and decolourixed with a stream of SO,. The soln was diluted with water 
(10 ml) and extracted with CHCl,. The CHCJ, soln was washed repeatedly with water, dried (MgSO,) and 
concentrated. The residue obtained was adsorbed onto a silica gel plate (20 x 20 x 01 cm, Merck HF 
254 + 366) and eluted with light petroleum (b.p. 40-&Y) ether (2: 1). Only one major band could be detected 
under low wavelength UV light. This band was removed, extracted into CHCI, and the CHCI, soln con- 
centrated to yield a trace of pale yellow solid (XI); mass spec. m/e 344Q789 (M+). 2980872 (M’-NO,). 
C,,H r ,N,O, requires M, 3444797 ; IR v, (CHCI,) 1786 (C==G), 1720 (C=G), 1530 (NO,), 1350 (NO,). 
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