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Fluorescent compounds from reactions of
nitrobenzimidazylbenzisoquinolines from
4-nitronaphthalic anhydride with alkylamines

M.S. Alexiou and J.H.P. Tyman
Department of Chemistry, Brunel University, Uxbridge, Middlesex UB8 3PH, UK

The nitro group in the isomeric condensation products of 4-nitronaphthalic-1,8-anhydride with 1,2-diaminobenzene
namely 3-nitro and 4-nitro-7H-benzimidazo[2,1-a]lbenz[delisoquinolin-7-one is displaced by reaction with 1-octylamine,
to give in the case of the 4-nitro compound the highly fluorescent 4-octylamino derivative. The condensation product
from 4,5-dinitronaphthalic-1,8-anhydride and 1,2-diaminobenzene afforded, by nitro group displacement with either
1-butylamine or 1-octylamine, complex mixtures without exhibiting significant fluorescence.
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The fluorescent derivatives based on the naphthylimides i A o
remain a prominent group of compounds with a wide variety Y _Ie‘" FR PR,
of applications in the diverse fields of technical, electronicand _ . | S . i i
medicinal chemistry as for example in crack detection in " "+ Teed e e e M e
metal and ceramic structuresfor laser activity? in lumines- T e, e
cent deviceg,in cancer studi€sand in antiviral application. - o
The synthesis of such derivatives from nitronaphthalic-1,8- e ':‘" b n;ﬂ Moy e g Ty T
and halogenonaphthalic-1,8-anhydrides has been desctibed <1t it ot ST
and their fluorescent and spectral properties exanfined. L

A strategy in the synthesis of highly fluorescent naphthylim- T
ide derivatives can be based on using a 4-alkylamino electroni. Scheme 1

‘pushing’ group and an N-alkyl (CON(R)CO moiety) or con-
jugated aryl ‘pulling’ group This approach is in fact favoured
by the practical fact that aryl substitution at the 4-position isto a Meisenheimer adduct, and only a minor proportion of an
difficult but straightforward at the anhydride group in naph- octylamino compoundsj by nitro group displacement. This,
thalic anhydride. Thus 4-nitronaphthalic-N-phenyl-1,8-imide however, was not characterised although fluorescent compo-
is formed readily with aniline nearly quantitatively at little nents were present.

more than ambient temperature whereas 4-phenylaminonaph-with the 4-nitro compound 3j the intermediate
thalic-1,8-imide is unknown and the N-methyl analogue wasyeisenheimer transition states (Fig.T),((8) and Q) appear
obtained® only in very low yield with a vast molar excess of to possess more stability through benzenoid, enolic or carban-
aniline or in only moderate yield with sodioaniline at elevatedjon contributions compared to those from the 3-nitro isomer

temperature. (2), shown in Fig. 2, namely10), (11) and (2).
It was of interest to examine the effect of extending the con:

jugated system at the imide N atom to increase the ‘pulling’ o1
‘electronic ‘sink’ by also involving one of the adjacent C=0 P .
groups of the imide system and to complete the ‘pushing’ i , ,f
effect by introducing the usual 4-alkylamino group. "’;- _F j- _fff

In other directed work extended conjugated systems hav K :54 St
been derived from 4-nitronaphthalic-1,8-anhydride by reac- S g™ Y
tion with 1,2-diaminobenzenié.In the present application :
similar structures have been synthesised and the nitro group | - - <
the condensation products has then been displaced by reacti SO o,
with alkylamines. i -I>

4-Nitronaphthalic-1,8-anhydridelg) condensed with 1,2- '
diaminobenzene to afford a mixture of the isomers, 3-nitro-7H-  _ _
benzimidazo[2,1-a]benz[delisoquinolin-7-onga) and the ; ™,
4-nitro analogue3a) (Scheme 1). In a similar way 4,5-dinitro- f‘;_ _f”
naphthalic-1,8-anhydride afforded the 3,4-dinitro- analogue, 3,4 " 1
dinitro-7H-benzimidazo[2,1-a]benz[de]isoquinolin-7-ond). ( “%r#“w.r:u"-' TR
4-Nitro-7H-benzimidazo[2.1-a]benz[de]isoquinolin-7-on8) ( : . .
reacted with 1-octylamine to give the 4-octylamino analogue (™ il “i‘# - i
by nitro group displacement (Scheme 1). ' ! e 1

The 3-nitro isomer appeared to give predominantly undel ?;THZ(W ::Q:::_rl,,?‘m‘. %“':AH v

Wl ? R
17]

-
R

the same conditions a coloured product which may be relate *
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TN o, — 120°C for 3h. Then, after removal of the solvent from the cooled mix-
o 4 " ) % ture in vacuothe residue was prep TLC separated to give a minor
I%:_ ¥ “':Q_ _1'::L upper crimson band and a lower major yellow-green fluorescent band
oot It oA from which orange-brown needles were recovered, (0.10g) m.p.
EIL T By 153.5-154°C; Found: C, 78.57;H, 6.97; N, 10.63. Reqd. for
\ : T ‘HTF C,¢H,N;O, C, 78.59; H, 6.86;N, 10.58%%, (CDCl,), 0.79-0.98
- - . (3H, m, Me), 1.09-1.78 [12H, m, (CHi], 3.0-3.30 (2H, m, CENH),
# l"ﬁ“‘, e s “‘,*“’PAW 4.98-521 (1H, s,br. exch .HN).,?}]O-G.W (1H, d, 39H02H2),
- i - e . 7.23-7.85 (5H, m, 6-H, '4H,5-H,6'-H,7'-H), 8.28-8.68 (3H, m,
. iy it e 2-H,5-H,7-H); u__ (KBr cnr), 3450-3400 (NH), 3050 (ArCH),
rof ? g RAD T LI L 2860, 2950 (Me), 2925 (Cji 1680 (C=0), 1590 (C=C), 1380-1340
103 - i (CH bend), 1240, 1140, 760 (ArCH bend).

Reaction of 3-nitro-7H-benzimidazo[2,1-a]benz[de]isoquinolin-7-
Figure 2 one with 1-octylamine attempted preparatior(%)f The 3-nitro iso-
mer contaminated with a little of the 4-nitro compound in DMF

-Dinitro-7H- imi _ ; inAlin.7. (25cn?) was reacted with 1-octylamine (1.0g, 0.0074mol) at 120°C
3,4-Dinitro-7H-benzimidazo[2,1-a]benz[de]isoquinolin-7 for 3h after which the solvent was remowedacuo.The residue was

one (4) W'Fh either 1-octylamine or 1-butylamine afforded prep TLC separated to give a major crimson band with an orange flu-

complex mixtures. ) o orescence, a band corresponding to the starting material, a dark
Work is contlnumg on the reaction of 1,2-d|am|n0benzenebrown baseline band and a yellow green fluorescent ba{@](E

with 4-chloronaphthalic anhydride (1b) to synthesise the 4+rom the crimson band an orange solid was isolated which seems

chloro- and 3-chloro- analogues of (3b) and (2b) respectivelynost probably to be related to a Meisenheimer salt, (0.08g) m.p.

and to examine their nucleophilic reactions with alkylamines237-239°C; Found: C, 70.02;H, 5.22; N, 12.70. Reqd. for

- ) P : - _ C,H,N,O, C, 70.27;H, 6.31; N, 12.61%, (TFA), 0.80-1.02 ( 3H,
in N-methylpyrrolidinone by analogy with those of 4-chloro m2,6M23)'41.332_1_58 (12H. m, 6CH4.82-5.11 (2H, m, CINH ),

naphthalic anhydrid® , , 8.51-8.78 (3H, m,), 8.81-8.98 (1H, m,), 9.44-9.64 (1H, m,),
No reaction of 1,2-diaminobenzene with the 4-nitro groupg g3-9.97 (2H,d,J8.4 Hz), 10.56 (1H, SV (KBr cnr?)

in 4-nitronaphthalic anhydride was observed and likewise3180-3150 (ArCH), 2960, 2860 (Me), 2925 (H1680 (C=0),

4-nitronaphthalic anhydride only underwent reaction at thel610 (C=C), 1540,1320 (Nf) 14501350 (CH bend ), 1200, 120

anhydride group with 4-methoxyaniline to afford simply (C-N), 765,750 (ArCH bend). S

the N-aryl product. 2,4-Dimethoxyaniline did not yield a _S3:4-Dinitro-7H-benzimidazo2,1-a]benz[delisoquinolin-7-of:

characterisable product. 4,5-Dinitronaphthalic anhydride was prepdredlom 4-nitronaph-

. L L thalic anhydride by nitration in nitric and sulphuric acids.
The fluorescenceof the octylamino derivativesf indicates To 4,5-dinitronaphthalic-1,8-anhydride (0.50g, 0.00174 mol) in hot

near comparability with that of FBYR with quantum yields of acetic acid (15c®), a solution of 1,2-diaminobenzene (0.30g,
0.72 and 0.81 respectively. It is unfortunate that it did not0.0028mol) in acetic acid (15&nwas added and the mixture was
prove possible to obtain compouri) in a pure state although refluxed for 30min. Upon cooling bronze needles (0.35g, 56%)
it clearly possessed distinct intense fluorescence in the crud®-p>360°C were recovered; Found: C, 59.75; H, 2.29; N, 15.35.
state. By contrast the supposed 4,5-dibutylamino product frong@d- for GgHgN,Og C, 60.00; H, 2.22; N, 15.56%3, (TFA)

(4) even in the crude state was devoid of fluorescence poss, 3.85-8.88 (3H, m, 3H.4-H,5-H), 9.54-9.74 (1H, m, 2-H),

. - . e .90-9.90 (1H, m, 5-H), 10.03-10.26 (1H, ni;Hy, 10.63-10.96
bly attributable to steric interaction at the 4- and 5-positions1y m 1_,(_|) 11 06_11 29 (1H, m 6—(H)) Kl-gr o) 3125

resulting in loss of coplanarity. (ArCH) 1710 (C=0), 15501535 (N{) 1360-1320 ( C=C, N,
1230 (C-N), 860, 810, 780, 760 745 (ArCH bend).
Experimental Attempted reaction @) with alkylamines(4) (0.1g, 0.00028mol)

in DMF (10cn?) containing 1-octylamine (0.25g, 0.00193mol) was
Rirred at 126C during which considerable blackening occurred and
TLC after 0.5h indicated that a very complex mixture had formed
with a large amount of dark polar material present. Separation was
not attempted. Reaction with 1-butylamine at a range of temperatures
gave similar rersults.
4-Nitro-N-4-methoxyphenylnaphthalic-1,8-imidé:Nitronaphthalic-
1,8-imide (0.5g, 0.0021mol) and 4-methoxyaniline (0.5g, 0.0041mol)
were dissolved in DMF (40ctH and the mixture stirred at 120°C
under nitrogen for 3 h. After removal of DMR vacuothe cooled

Spectroscopic determinations, chromatography and characterisatio
were effected as describ&l4-Nitronaphthalic anhydride was
obtained from the oxidation of 5-nitroacenaphthene as dectibed.

Preparation and reactions of nitro-7H-benzimidazo [2,1-a]
benz[de]isoquinolin-7-ones.
3-Nitro (2) and 4-nitro-7H-benzimidazo[2,1,-a]benz[de]isoquinolin-
7-one(3): The conditions describétwere slightly modified.

To 4-nitronaphthalic-1,8-anhydride (2.0g, 0.0082mol) in hot
%azgcl:aeltii(::(t:li(c:i ?ﬂ? C%S SVC;)S] tgd(ggrg':g ?ﬁgzﬁ?ﬁu(rtz\/?gé ?'ecf)lt}(gg]?gr mixture was stirred with warm dilute hydrochloric acid and the resid-

: : Py | solid filtered and preparatively TLC separated to give an upper
30min and then allowed to cool. An orange solid was precipitated and@ o1 0. .
filtered (2.3g) m.p. 245-260°C which TLC indicated contained two crimson band (0.074g) m.p. 237-140 C{fina6—247°C); Found: C,

isomers, the less polar of which gave a yellow band and the mor 4'308' H, 4.02; N, 7.92; Calc. for,(H;,N,O;, 65.51; H, 3.45; N,
polar 3-nitro isome2) an orange band: Found: C, 68.47: H, 2.89; N, .04%. A lower non-fluoresocent orange band was recovered as a red-
13.23. Cald. for GHoN.O,, C, 68.57; H, 2.86;N, 13.33%; the iso- Prown solid, m.p. 161-164°C.

mers were separated by fractional crystallisation from toluene and the .

more polar compound obtained as red orange needles in two fractiond€ceived 8 December 2000; accepted 9 January 2001
totalling (0.57g), m.p. 250-251°C, {it268°C);3,, (TFA), 7.72-7.79  Paper 640

(3H, m, 5-H, 6-H,7-H), 7.95-8.22 (1H, dd, 6-H), 8.35-8.48 (1H, d,

3-H), 8.54-8.74 (1H, m,"4H), 8.84-9.07 (3H, m, 2-H, 5-H, 7-H):  poeo o

U e (KBF cnm?), 3100-3025 (ArCH bend), 1690 (C=0), 1540-1515,

1380-1310, (NQ), 1230 (C—N), 850, 770, 760, 740 (ArCH bend). 1 T. deForestJrans. Am. Soc. Metal$94 739.

The less polar, 4-nitro isom¢3) gave a yellow orange solid intwo 2 A. Mlot-Fijalkowski, Magnaflux Corp., USP 3546127.

fractions (0.44g) m.p. 291-293°C (1t.295°C), and (0.429)3, 3 A. Pardo, E. Martin, J.M.L. Poyato, J.J. Camacho, M.F. Brana
(TFA), 7.76-7.82 (3H, d,'5H, 6—H, 7-H, J, 3.6Hz), 7.96-8.22 (1H, and J.M. CastellancPhotochem. Photobiol. ,AL987, 41, 69;

dd, 6-H), 8.41-8.51 (1H, d, 3-H} 6.0Hz), 8.61-8.78 (1H, m,"4), W.J. Kessler, S.J. Davis, D.R. Ferguson and E.R. Pugh, USP
8.88-8.94 (1H, m, 5-H), 8.98-9.11(2H, m, 2-H,7-H). 5610932 (11Mar 1997).

4-n-Octylamino-7H-benzimidazo[2,1-a]benz[delisoquinolin-7- 4 P. A. de Silva, A.J.M. HuxleyAppl. Fluoresc. Chem. Biol. Med.
one (6): 4-Nitro-7H-benzimidazo[2,1-a]benz[de]isoquiinolin-7-one 1999, 179
(0.5g, 0.00158mol) containing traces of the 3-nitro compound, and 1-5 M.W. Middleton, J. Parrick, J.E.D. Clarke and P. Wardmin,
octylamine (1.0g, 0.0077mol) in DMF (258nwere warmed at Heterocycl. Chem1986,23, 849.
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