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1-Ethyl-1H-3-nitrobenzopyrano[4,3,2-cd]isoindole: a
novel heterocyclic ring system bearing an unusually
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Abstract—The ease of deuterium exchange of the aromatic H2 of the novel heterocycle 1-ethyl-1H-3-nitrobenzopyrano[4,3,2-cd]iso-
indole was studied by NMR and theoretical calculations.
� 2006 Elsevier Ltd. All rights reserved.
Xanthones (or xanthen-9H-ones) comprise an important
class of oxygenated heterocycles, possessing interesting
biological activities, not only associated with their tri-
cyclic scaffold, but also depending on the nature and/or
position of the different substituents.1 Among pharma-
cologically active xanthenone derivatives, a large num-
ber of cytotoxic,2 antituberculotic,3 antimycobacterial,4

antimalarial5 and cardiovascular protective agents6 have
been reported.

We have been involved in the synthesis and antiprolifer-
ative activity evaluation of numerous amino substituted
xanthenones,7 as well as the structurally related benzo-
pyrano[4,3,2-cd]indazoles.8 In the course of the continu-
ation of these studies, we were interested in the
preparation of bioisosteres of the above mentioned ring
systems and we conducted research towards the synthe-
sis of a novel fused xanthenone, namely 1-ethyl-1H-3-
nitrobenzopyrano[4,3,2-cd]isoindole. The only related
heterocyclic polycondensed systems reported up to date
are pyrroloanthrone (6H-anthra[9,1-bc]pyrrol-6-one),9

thiophenanthrone10 and furanoanthrone,11 which are
the benzoylene derivatives of isoindole, benzo[c]thio-
phene and benzo[c]furan, respectively.
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We present here an easy synthesis of the title compound
as well as an unusual observation concerning the acidity
of the H2-aromatic proton of this new heterocyclic ring
system. The preparation of the target compound is
depicted in Scheme 1. Treatment of 1-methylxanthenone
112 with nitric acid (65%) in sulfuric acid provided, as
the main product, the 2-nitroderivative 2. There exists
some controversy concerning the structure of compound
2, which arises from the fact that nitration at positions 2
(preferentially), 7 or 4 has been reported by Pickert and
Frahm, Ref. 12 whereas Recanatini et al. report the
preparation of the 4-nitro isomer,13 using analogous
reaction conditions. Therefore, the site of nitration of
compound 2 was unambiguously established by 1H
and 13C NMR spectroscopy, using both direct and long
range heteronuclear correlation experiments (HMBC
and HSQC sequences). Structural discrimination re-
sulted from the observation that the 1-methyl group
exhibits 3J coupling with two aromatic carbons, namely
C2 and C9a. Compound 2 was then treated with NBS in
the presence of a catalytic amount of benzoyl peroxide
to provide the 1-bromomethyl analogue 3.14

The target derivative 4 resulted from an initial nucleo-
philic substitution of the bromine atom by ethylamine,
followed by spontaneous cyclization of the intermediate
1-(ethylaminomethyl)-2-nitroxanthen-9(9H)-one, to pro-
vide the benzopyrano[4,3,2-cd]isoindole core.15

The assignment of the 1H and 13C NMR spectra of com-
pound 4 was performed using the HSQC and HMBC
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Scheme 1. Synthesis of compound 4 and H–D exchange to compound 5.
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Figure 2. First order kinetics plot for the conversion of compound 4 to
5.
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spectra. The aromatic part of the 1H spectrum in CDCl3
is represented by an AX system at 8.14 and 6.17 ppm
corresponding to the H4 and H5 resonances, two triplets
at 7.28 and 7.21 ppm corresponding to the H9 and H8
protons, two doublets at 7.55 and 7.24 ppm correspond-
ing to H10 and H7 and finally one singlet peak at
7.47 ppm corresponding to the H2 resonance. Solubility
studies on 4 led us to the observation that the resonance
peak corresponding to H2 was disappearing in CD3OD–
CDCl3 mixtures. This exceptional effect was attributed
to a rapid H–D exchange of the aromatic H2 proton.

H–D exchange of aromatic and heteroaromatic sub-
strates displaying different reactivity and selectivity has
been previously studied. Neutral D2O induces only
partial deuteration of aromatic compounds activated
towards electrophilic substitution, whereas, in the case
of weakly activated or deactivated compounds, the addi-
tion of concentrated mineral acids, highly reactive Lewis
acids, bases, or polymer supported acids is usually
required.16

In order to study more specifically this exchange reac-
tion, the 1H NMR spectra of compound 4 were recorded
in a freshly prepared CD3OD/CDCl3 (10/90) 0.06 M
solution for 14 h every 10 min. The spectra showed the
gradual disappearance of the H2 proton resonance
peak, and this effect is represented in Figure 1. More-
over, a new broad peak appeared at 4.46 ppm, attrib-
uted to the –OD to –OH exchange. The corresponding
coupled 13C NMR spectrum also indicated the dis-
appearance of the C2 signal without any changes in other
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Figure 1. 1H NMR spectra depicting the conversion of 4 into 5: (a) spectrum
10) over 14 h.
resonances. The reaction product 5 was stable and was
isolated by removing the solvent. In the 1H NMR spec-
trum of 5 in CDCl3 solution, no H2 signal was observa-
ble. The ESI-mass spectrum of a CD3OD solution of the
isolated product showed a molecular ion [M�D]+ peak
at m/z = 283.29 (283.30 calcd for C16H11N2O3D–D+),
while the corresponding mass spectrum of the starting
compound 4 showed 281.25 (281.29 Calcd for
C16H12N2O3–H+). When the isolated product was redis-
solved in CH3OH the initial compound 4 was regener-
ated quantitatively.

Kinetic measurements for the formation of 5 were based
on the 1H NMR spectra recorded. The integral values,
ratio of the H2 (7.47 ppm)/H-4 (8.14 ppm) resonance
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Scheme 2. H–D exchange at C2 of compound 4.
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peaks, were utilized for estimating the concentration
variation of compound 4. The ln[4]o/[4] plot as a func-
tion of time appears as a straight line (Fig. 2) suggesting
that the H–D exchange followed first order kinetics. The
kinetic expression of the reaction rate can be written as
kexpt = ln[4]o/[4] or �d[4]/dt = kexp[4] with a pseudo-
first-order rate of reaction constant kexp = 3.63 ·
10�3 s�1, as derived from the slope of the plot.

Furthermore, the H–D exchange reaction was spontane-
ous when the spectrum of a CD3OD/CDCl3 solution of
4 was recorded in the presence of acetic acid (0.6 mM),
or triethylamine (0.6 mM), providing evidence of bifunc-
tional acid–base catalysis, as shown in Scheme 2.

PM3 semi-empirical calculations17 predict a significant
difference between the partial charges of C2 and H2 (cal-
culated to be �0.309 and +0.178, respectively) com-
pared to the other aromatic C–H bonds. Moreover
when a methanol molecule was placed in the vicinity
of the C2–H2 bond and the nitro group and the energy
of the system was further minimized using PM3 calcula-
tions, it appeared that the methanol OH group interacts
with both the C2–H2 bond and the nitro group. Accord-
ing to the results of these calculations H2 forms a hydro-
gen bond with the methanol oxygen, the H� � �OMe
distance being 1.8 Å. The structure is further stabilized
through the formation of a second hydrogen bond
between the methanol hydrogen and a nitro group
oxygen.18 It is interesting to note that in this structure
the partial charges on C2 and H2 were calculated to
be �0.343 and +0.219, respectively, suggesting that the
interaction with methanol increases the C2–H2 polariza-
tion enhancing the tendency of H2 to dissociate. The re-
sults of the above calculations are supported by the
presence of an ion at m/z 313 in the positive-ion ESI-
mass spectrum of the undeuterated compound 4 corre-
sponding to an [MH]+–CH3OH adduct.

In conclusion, we have developed a straightforward
method to prepare a novel heterocycle. In this ring sys-
tem, H–D exchange occurs readily at C2 under mild
conditions. The presence of the –NO2 group at C3,
probably, facilitates this process by increasing the polar-
ization of the C2–H2 bond through the electron with-
drawing effect and by stabilizing the presence of a
methanol molecule in the vicinity of C2–H2 through
the formation of an –NO2� � �HOCH3 hydrogen bond.
References and notes

1. Pinto, M. M.; Sousa, M. E.; Nascimento, M. S. Curr.
Med. Chem. 2005, 12, 2517–2538.
2. (a) Liu, H. S.; Lin, C. N.; Won, S. J. Anticancer Res. 1997,
17, 1107–1114; (b) Zhou, S.; Kestell, P.; Baguley, B. C.;
Paxton, J. W. Invest. New Drugs 2002, 20, 281–295.

3. Ghosal, S.; Biswas, K.; Chaudhuri, R. K. J. Pharm. Sci.
1978, 67, 721–722.

4. Hambloch, H.; Frahm, A. W.; Wiedemann, B. Eur. J.
Med. Chem. 1985, 20, 71–77.

5. Riscoe, M.; Kelly, J. X.; Winter, R. Curr. Med. Chem.
2005, 12, 2539–2549.

6. Jiang, D. J.; Dai, Z.; Li, Y. J. Cardiovasc. Drug Rev. 2004,
22, 91–102.

7. (a) Kolokythas, G.; Kostakis, I. K.; Pouli, N.; Marakos,
P.; Kletsas, D.; Pratsinis, H. Bioorg. Med. Chem. 2003, 11,
4591–4598; (b) Kolokythas, G.; Kostakis, I. K.; Pouli, N.;
Marakos, P.; Skaltsounis, A.-L.; Pratsinis, H. Bioorg.
Med. Chem. Lett. 2002, 12, 1443–1446; (c) Kostakis, I. K.;
Magiatis, P.; Pouli, N.; Marakos, P.; Skaltsounis, A.-L.;
Pratsinis, H.; Leonce, S.; Pierre, A. J. Med. Chem. 2002,
45, 2599–2609.

8. Kostakis, I. K.; Tenta, R.; Pouli, N.; Marakos, P.;
Skaltsounis, A.-L.; Pratsinis, H.; Kletsas, D. Bioorg.
Med. Chem. Lett. 2005, 15, 5057–5060.

9. Russkikh, V. V.; Fokin, E. P. J. Org. Chem. USSR 1982,
1385–1386.

10. Gorelik, M. V.; Alimova, R. A. J. Org. Chem. USSR 1985,
1415–1422.

11. Gorelik, M. V.; Alimova, R. A. J. Org. Chem. USSR 1984,
745–751.

12. Pickert, M.; Frahm, A. W. Arch. Pharm. 1998, 311, 177–
192.

13. Recanatini, M.; Bisi, A.; Cavalli, A.; Belluti, F.; Gobbi, S.;
Rampa, A.; Valentini, P.; Palzer, M.; Paluscazak, A.;
Hartmann, R. W. J. Med. Chem. 2001, 44, 672–680.

14. 1-Bromomethyl-2-nitro-9H-xanthen-9-one 3. Mp 178–
181 �C (ethanol); 1H NMR (400 MHz CDCl3) d (ppm)
5.29 (s, 2H, CH2Br), 7.41–7.48 (m, 2H, H-5, H-7), 7.53 (d,
J = 8.4 Hz, 1H, H-4), 7.77 (ddd, J = 8.7, 8.1, 1.5 Hz, 1H,
H-6), 8.18 (d, J = 8.4 Hz, 1H, H-3), 8.29 (dd, J = 7.9,
1.5 Hz, 1H, H-8); 13C NMR (50 MHz CDCl3) d (ppm)
23.28 (CH2Br), 117.57 (C-5), 119.02 (C-9a), 120.30 (C-4),
122.79 (C-8a), 125.10 (C-7), 127.17 (C-8), 129.83 (C-3),
135.34 (C-6), 136.20 (C-1), 146.47 (C-2), 155.49 (C-4b),
159.65 (C-4a), 177.82 (CO).

15. 1-Ethyl-1H-3-nitro-benzopyrano[4,3,2-c,d]isoindole 4. Mp
166–169 �C (CH2Cl2/ether); 1H NMR (400 MHz CDCl3)
d (ppm) 1.62 (t, J = 7.32 Hz, 3H, CH3), 4.45 (q,
J = 7.32 Hz, 2H, CH2), 6.16 (d, J = 8.3 Hz, 1H, H-5),
7.16–7.31 (m, 3H, H-7, H-8, H-9), 7.46 (s, 1H, H-2),
7.54 (dd, J = 7.1, 1.7 Hz, 1H, H-10), 8.13 (d, J = 8.3 Hz.
1H, H-4); 13C NMR (50 MHz CDCl3) d (ppm)
16.40 (CH3), 45.14 (CH2), 98.46 (C-5), 114.71 (C-2),
115.78 (C-2a), 118.86 (C-10a), 118.95 (C-7), 119.86
(C-10b), 120.58 (C-10c), 120.81 (C-10), 125.62 (C-9),
128.30 (C-8), 130.50 (C-4),131.48 (C-3), 155.26 (C-6a),
157.94 (C-5a). Anal. Calcd for C16H12N2O3. Calcd (%) C:
68.57, H: 4.32, N: 9.99. Found (%) C: 68.34, H: 4.23, N:
10.17.

16. (a) Junk, T.; Catallo, W. J. Chem. Soc. Rev. 1997, 26, 401–
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