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One-pot synthesis of a chromenol4,3,2-de]-1,6-naphthyridine derivative from
4-chlorocoumarin-3-carbaldehyde
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In the reaction of 4-chlorocoumarin-3-carbaldehyde with malononitrile in the presence of piperidine a crystalline
piperidinium salt of a novel tetracyclic chromeno[4,3,2-de]-1,6-naphthyridine-2-carboxylic acid was isolated instead of
the expected product of the “tert-amino effect”. The structure of this piperidinium salt and its corresponding acidic form
was characterized through spectral methods (IR, NMR, MS) and elemental analysis. In addition, the structure was
established by means of X-ray crystallographic analysis. A theoretical multistep mechanism for this one-pot synthesis is

discussed.
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INTRODUCTION

In a previous paper we described some new
examples of the so-called “tert-amino effect” reac-
tion [1] starting from 4-chlorocoumarin-3-carbal-
dehyde and ethyl cyanoacetate as a CH-acid in the
presence of piperidine. This reaction occurred via
intermediate Knoevenagel condensation with the
formyl group and led to the formation of 1,2 fused
5H-chromeno[4,3-b]pyridin-5-ones of type 3 (Sche-
me 1). We found that under the same reaction
conditions but employing malononitrile in place of
ethyl cyanoacetate [2] the corresponding aminium
salts of 2-hydroxy-5-0x0-5H-chromeno [3,4-c]pyri-
dine-1-carbonitrile (4a,b) could be obtained. In
continuation of our interest in the development of
new and simple methods for the synthesis of poly-
functionally substituted heterocycles with antici-
pated biological activity [3] we now wish to report
the use of 4-chlorocoumarin-3-carbaldehyde (1) for
the one-pot synthesis of a new chromeno[4,3,2-de]-
1,6-naphthyridine (5a,b -Scheme 2).

Many known methods for the preparation of 5H-
chromeno[4,3-b]pyridine or 5H-chromeno[3,4-c]
pyridine derivatives involve coumarin derivatives
as starting compounds or intermediates, e. g. [4-6].
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Further detailed information on the synthesis and
application of various 3,4-fused chromenopyridi-
nes is summarized in two review articles [3,7] and a
recent paper [8]. We have also developed some
synthetic procedures leading to the formation of
substituted ~ 5H-chromeno[4,3-b]pyridines  via
Knoevenagel condensation [9], via Wittig reaction
followed by Vilsmeier conditions [10], or even via
the Erlenmeyer-Ploechl reaction [11], all of them
starting from coumarin-3-carbaldehydes. The pre-
paration of some novel 5H-chromeno[3,4-c]pyri-
dines was also reported by us [12,13].
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Scheme 1. Reaction of 4-chlorocoumarin-3-carbalde-
hyde (1) with malononitrile, cf. [1,2].

The synthesis of some [1]benzopyrano[4,3-b]
pyrrol-4(1H)-ones from 4-chlorocoumarin-3-carb-

© 2014 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria

53



V. Angelova et al.: One-pot synthesis of a chromeno[4,3,2-de]-1,6-naphthyridine derivative from 4-chlorocoumarin-3-carbaldehyde

aldehyde (1) has also been described [14]. An
efficient preparation of novel chromeno-2,6,9-tri-
oxabicyclo-[3.3.1]nonadiene scaffolds was per-
formed by mild base mediated reaction of 4-chloro-
3-formylcoumarin (1) and o-hydroxy-acetopheno-
nes [15]. The synthesis of some novel chromeno
[4,3-b]pyridine-2,5-diones with antimicrobial acti-
vity was reported recently, starting from 4-chloro-
3-formylcoumarin (1) and acetoacetamides in poly-
ethylene glycol as a recoverable solvent [16].
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Scheme 2. Synthesis of 5-amino-4-cyanochromeno-
[4,3,2-de]-1,6-naphthyridine-1-carboxylic acid (5) — as
piperidinium salt (5a) and the acidic form (5b).

EXPERIMENTAL

General Remarks

The FTIR spectra were recorded on a Nicolet
iS10 FT-IR Spectrometer from Thermo Scientific
(USA) using ATR technique. The NMR experi-
ments on Bruker Avance II+ 600 MHz NMR spec-
trometer in DMSO-d; allow the assignment of the
structures. The precise assignment of the *H and *C
NMR spectra (resolved signals) was accomplished
by measurement of 2D homonuclear correlation
(COSY), DEPT-135 and 2D inverse detected hete-
ronuclear (C-H) correlations (HMQC and HMBC).
LC-MS: Shimadzu LC-MS 2020 (ESI detector)
equipped with a C18 reversed-phase analytical
column at 37°C using a mobile phase H,O-MeCN
[90:10 (v/v)] + 0.1% HCOOH. Elemental analyses
were performed by the Microanalytical Laboratory,
Institute of Chemistry, University of Vienna,
Austria. TLC: silica gel 60 GF,s, Merck pre-coated
aluminum sheets, eluted by hexane-chloroform-
acetone 5:3:2 (vol. parts); the spots were visualized
under UV irradiation (A = 254 nm) and/or by
treatment with I, (vapor).

Piperidinium 5-amino-4-cyano-chromeno[4,3, 2-
de]-1,6-naphthyridine-1-carboxylate dihydrate (5a)

Drawn on Scheme 2. To a solution of 1.04 g (5.0
mmol) of 4-chlorocoumarin-3-carbaldehyde (1)
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(prepared according to lit. [10,17]) and 0.66 g (10
mmol) of malononitrile in 20 ml of anhydr. ethanol,
1.08 ml (0.93 g; 10.9 mmol) of piperidine (2a) was
added dropwise for 5 min under vigorous stirring at
20-25°C. The reaction mixture turned into a red
solution and after stirring for additional 15 min
orange-yellow crystals of compound 4a separated.
This product was reported elsewhere [2]. The
separated crystals were filtered, recrystallized from
ethanol (2 x 10 ml) and air-dried to yield 0.45 g
(28%) of 4a with m.p. 255-256°C.

After a 12 h stay at room temperature a yellow
solid crystallized from the ethanolic filtrate. It was
filtered, washed with cold ethanol (2 x 10 ml) and
air-dried to yield 0.89 g (41%) of crystalline, TLC
homogeneous product 5a. A small sample for X-ray
analysis was additionally recrystallized from etha-
nol to give yellow crystals of 5a with m.p. 206.5-
207.3°C, insoluble in chloroform. FTIR (ATR):
v(cm™) = 3460 (OH/NH.c), 3056 (Ar-H), 3200-
2400 (NHgssoc), 2210, 2168, 2144 (CN), 1733 (w)
(C=0), 1591, 1557, 1514, 1491, 1444, 1258, etc. 'H
NMR (600 MHz, DMSO-dg): 6 (ppm) = 1.62-1.56
(m, 2H, 4’-H), 1.61-1.65 (m, 4H, 3°-H and 5’-H),
3.00-3.02 (m, 4H, 2°-H and 6’-H), 7.42 (dd, J° =
8.3 Hz, J* = 1.2 Hz, 1H, 8-H), 7.45 (ddd, J* = 1.2
Hz, J* =7.2 Hz, J* =8.3 Hz, 1H, 10-H), 7.70 (ddd, J*
= 1.3 Hz, J* =7.2 Hz, J* = 8.3 Hz, 1H, 9-H), 8.22
(bs, 2H, NH), 8.84 (s, 1H, 2-H), 8.98 (dd, J° = 8.3
Hz, J* = 1.3 Hz, 1H, 11-H). *C NMR (150 MHz,
DMSO-ds): d (ppm) = 21.6 (C-4"), 22.3 (C-3” and
C-5%), 43.8 (C-2’ and C-6"), 83.1 (C-4), 106.0 (C-
11c), 115.4 (C-11a), 117.5 (CN), 118.0 (C-8), 119.1
(C-1), 120.5 (C-11b), 124.5 (C-10), 125.3 (C-11),
133.6 (C-9), 144.0 (C-7a), 152.7 (C-6a), 154.1 (C-
2), 1586 (C-3a), 166.3 (C=0). Calcd. for
CyH1oNsO5 (389.41) (water loss on drying): C
64.77, H 4.92, N 17.98; found C 64.70, H 4.49, N
17.80.

5-Amino-4-cyanochromeno[4,3,2-de]-1,6-
naphthyridine-1-carboxylic acid (5b)

Drawn on Scheme 2. After acidification of the
aqueous solution of 2b (0.15 g in 50 ml of water)
with HCI (to pH = 2) compound 5b was isolated as
yellow powder with m.p. 313°C (dec.), insoluble in
chloroform. FTIR (ATR): v(cm™) = 3489 and 3415
(NH,), 3086 (Ar-H), 2210, 2190 (CN), 1714 (s,
C=0), 1589 (s), 1570 (m), 1444, 1423 (w), 1261
(s), 1207 (m), etc. H-Form: 'H NMR (600 MHz,
DMSO-dg): 6 (ppm) = 7.42 (dd, J° = 8.3 Hz, J* =
1.2 Hz, 1H, 8-H), 7.45 (ddd, J* = 7.2 Hz, J* = 8.3
Hz, J* = 1.2 Hz, 1H, 10-H), 7.70 (ddd, J* =7.2 Hz,
J® =83 Hz, J* = 1.3 Hz, 1H, 9-H), 8.84 (s, 1H, 2-
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H), 8.97 (dd, J° = 8.3 Hz, J* = 1.3 Hz, 1H, 11-H).
8.97 (dd, Hz, 1H, 8-H), 8.84 (s, 1H, 2-H), 7.70 (m,
1H, 9-H), 7.41-7.46 (m, 2H, 10-H and 11-H). ®*C
NMR (150.9 MHz, DMSO-ds): 6 (ppm) = 83.2 (C-
4),106.0 (C-11c), 115.4 (C-11a), 117.5 (CN), 118.0
(CHarom,C-8), 119.1 (C-1), 120.5 (C-11b), 124.5
(CHaom, C-10), 1254 (CHaom, C-11), 133.6
(CHarom, C-9), 144.1 (C-7a), 152.7 (C-6a), 154.0
(CHaom,C-2), 1586 (C-3a), 166.1 (C=0).
C16HgN,O3 (304.26). LC-MS (ESI, pos. mode): m/z
= 425 [M-CO, + 4MeCN + H]*, 343 [M-CO, +
2MeCN + H]*, 327 [M + Na] .

Crystal structure determination of compound 5a
(Table 1)

Data collection: Bruker APEX Il Software Suite,
2008; cell refinement: Bruker APEX Il Software
Suite, 2008; data reduction: Bruker APEX Il
Software Suite, 2008; program used to solve
structure: SHELXS-97 [18]; program used to refine
structure: SHELXL-97 [19]; molecular graphics:
SHELXTL-Plus, XP [20].

X-ray single-crystal diffraction data were
collected on a Bruker Kappa APEX Il Duo
diffractometer (Bruker AXS GmbH, Karlsruhe,
Germany), using graphite monochromatized MoK,
radiation (A = 0.71073 A). A single crystal, coated
with perfluorinated oil, was mounted on a teflon
loop. Unit cell parameters, obtained by indexing the
peaks in the first 36 frames, were refined by
employing the whole data set. All frames were
integrated and corrected for Lorentz and polari-
zation effects. The crystal was measured at low
temperature [100 (2) K]. The structure was solved
by direct method using SHELXS-97 [18]. Refine-
ment was evaluated on F? against all reflections.
The weighted R-factor wR and goodness of fit S are
based on F?, conventional R-factors R are based on
F, with F set to zero for negative F2. The threshold
expression of F2 > 2o(F?) is used only for calcu-
lating R-factors (gt) etc. and is not relevant to the
choice of reflections for refinement. R-factors
based on F? are statistically about twice as large as
those based on F, and R-factors based on all data
will be even larger. All nonhydrogen atoms were
located and refined anisotropically by full-matrix
least squares using SHELXL-97 [19]. The carbon
bonded hydrogen atoms were placed in idealized
positions. The nitrogen bonded hydrogen atoms
were found in the final difference Fourier map and
were allowed to refine freely with isotropic
displacement para-meters. For the preparation of
the structural images the program SHELXTL-Plus
[20] was used. The deposition number CCDC

992210 contains the supplementary crystallo-
graphic data for this paper. These data can be
obtained free of charge from the CCDC via
www.ccdc.cam.ac.uk/data_request/cif.

Table 1. Crystal data, data collection and structure
refinement details for 5a.

Chemical formula C16H7N403'C5H12N'2(H20)

M. 425.44
Crystal system, space Triclinic, P1
group
Temperature (K) 110
8.3890 (5), 10.9439 (7),
a,b, ¢ (A) 11.6018 (8)
o 98.979 (4), 96.261 (3),
o B,y (%) 109.626 (3)
V (A% 975.93 (11)
z 2
Radiation type Mo Ko
u (mm™?) 0.11

0.16 x0.13 x 0.10
Data collection
Bruker Kappa APEX Il Duo
difractometer
Multi-scan Blessing, 1995
0.717,0.747

Crystal size (mm)

Diffractometer

Absorption correction
Tmin: Tmax
No. of measured,
independent and

observed [1 > 25(1)] 28545, 3992, 3091

reflections
Rint 0.035
(Sin 0/0)max (A™) 0.628
Refinement
R[F? > 26(F)],
WR(FZ), S 0.043, 0.109, 1.05
No. of reflections 3992
No. of parameters 310
No. of restraints 3

H atoms treated by a mixture
of independent and
constrained refinement
0.32,-0.23

H-atom treatment

Apmaxs APmin (€ AS)

RESULTS AND DISCUSSION

The IR spectra of 5a displays a split band for
cyano group in the range 2144-2210 cm™ and a
carbonyl band at 1733 cm™. The acidic form 5b
shows absorption at 3489 and 3415 cm™ for
primary amino group whereas the cyano group
absorbs at 2210 and 2190 cm™. In the '"H NMR
spectrum of 5a a typical singlet for 2-H is observed
at 6 = 8.84 ppm (same shift in the H-form 5b) as
are the corresponding multiplets for five methylene
groups due to the piperidinium ion. Both *C NMR
spectra of 5a,b contain the same **C signals due to
the anionic part of 5a,b, i.e. the only difference
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between them is the cationic moiety. The assigned
3C NMR signals are close to those of compounds
5c¢,d described by O'Callaghan [21]. The single
crystal X-ray crystallography (Table 1) confirmed
the structure of the product 5a (Fig. 1; crystallo-
graphic numbering) [Cambridge Crystallo-graphic
Data Centre (CCDC): deposit No. 992210].

(b)

Fig. 1. ORTEP representation of the molecular structure
of 5a in the solid state with displacement ellipsoids at the
50% probability level: (a) whole structure; (b) anion
only.

We suggest the following mechanistic sequence
for the formation of 5a: As an initial step, the base-
catalyzed dimerization of malononitrile [22,23] into
2-amino-1-propene-1,1,3-tricarbonitrile (6) could
be assumed (Scheme 3). This dimer has attracted a
great deal of interest due to its wide applications in
the field of heterocyclic synthesis [24]. The reagent
was used for the synthesis of pyridines, pyrimi-
dines, pyridazines, thiophenes, thiazoles and their
analogs with diverse pharmaceutical activities
including against neurological disorders, as recep-
tor antagonists, as antidiabetics, tubulin inhibitors,
kinase inhibitors and anticancer agents [25,26].
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Scheme 3. Dimerization of malononitrile.

The next step of the suggested mechanism
(Scheme 4) is the nucleophilic addition of the tri-
nitrile 6 to the chloroaldehyde 1 accompanied by
elimination of HCI. Further, heterocyclisation to the
benzopyrano[4,3-b]pyridine derivative 7 is follo-
wed by lactone ring opening, re-cyclizing to 2-
aminochromene and finally closing of the new py-
ridine ring to give the stable carboxyllic acid 5b
which readily transforms into the crystallizing
piperidinium salt 5a.
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Scheme 4. Suggested mechanism for the formation of
compounds 5a,b.

Stable adducts, relevant to 7, were prepared
from salicylaldehyde and malononitrile and were
reported earlier [21,27]. They were used for the
synthesis of the already known [l]benzo-pyrano
[4,3,2-de][1,6]naphthyridine derivatives 5c¢,d (Fig.
2). The synthetic pathway for these compounds, as
described by O'Callaghan [21], differs substantially
from that of 5a,b reported here. The essential
difference here is that we used 4-chlorocoumarin-3-
carbaldehyde (1) as starting material in the presence
of piperidine. As a result, a 1-carboxylated
compound 5a without any substituent at position 2
and getting stabilized as a piperidinium salt was
formed.

Shaker [28] reported the synthesis of some
benzo[5,6]chromeno[4,3,2-de][1,6]naphthyridines,
related to 5a-d, starting from a 21H-benzo-[f]
chromene ftrinitrile derivative with CH-acids in
order to obtain a series of polyfunctionally sub-
stituted heterocyclic compounds with expected
biological activity.
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5¢ X=CN, Y =NH,
NH, 5d X=COOCHS3, Y = CHjg

Fig. 2. Known chromenol[4,3,2-de][1,6]naphthyridine
derivatives 5c,d.

CONCLUSION

We developed a rare example of heterocyclic
synthesis where a multiply substituted tetracyclic
system 5a,b arises directly in one reaction vessel as
a main product. The proposed domino type
mechanism (Scheme 4) is based on several one-step
processes that are already known from the
literature. The possibility the final product to
stabilize as a piperidinium salt is obviously an
important driving force for this complex multi-step
synthetic route to proceed.

Full spectral characterization (IR, NMR and
MS) is presented. In addition, suitable crystals of
compound 5a were successfully prepared in order
crystallographic X-ray analysis to be carried out
(see Table 1 for major X-ray data). Thus, the
molecular structure of the product 5a is unam-
biguously proven. The acidic form (compound 5b)
of the isolated piperidinium salt has also been
characterized.
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EAHOCTBIIKOB CUHTE3 HA XPOMEHO[4,3,2-d,e]-1,6-HA®TUPUJVUHOBO
[MPOU3BO/IHO OT 4-XJIOPOKYMAPUH-3-KAPBAJIAEXH /]

B.T. AHFeJ‘IOBal, B. q)paﬁz, u. X. I/IBaHOBl*, H. Bacunes®, T. H. I'nacuos®
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2H)Ltcmumym no opeanuuna xumus na Yuusepcumema 8 LLymeapm, ya. Ilgpagensanopune 55, D-70569 IL[ymeapm,
T'epmanus
3HHcmumym no Opeanuuna xumus ¢ Llenmwvp no @Qumoxumusi, bvreapcka Akademus na Hayxume, yn. Akao. I'. Bonues,
6n. 9, 1113 Cogus, bvreapus
4ﬂa6opamopuﬂ . Kpucmuan JJonnep” 3a Flow xumust u Hncmumym no xumus Ha Ynusepcumema ,, Kapn @pany” -
I'pay, Xaunpuxwpace 28, A-8010 I'pay, Aecmpus

Tloctenmna Ha 24 anpun 2014 r.; Kopurupana na 16 ronu 2014 r.

(Pestome)

W3onupana € OHUIIEPUAMHMEBATA COJ HA €JHO HOBO TETPAMKIMYHO MPOM3BOAHO Ha xpomeno[4,3,2-d.e]-1,6-
Ha(TUpUINHA BMECTO OYAKBAaHMS NPOAYKT Ha "mpem-aMuHO edekT” Ipu B3amMoneicTBHE Ha 4-XJIOpOKyMapuH-3-
KapOanaexua ¢ MaJOHOHUTPWI B IIPUCHCTBHE HA MUIEPHUIANH. MOJEKYJIHHUAT CTPOSXK Ha NMUIEPUIUMHUEBATA COJ M HA
crorBeTHata H-popma e oxapakrepusupan upe3 crektpanau meromu (MY, SIMP, MC) u enemMeHTeH aHanus.
CrpyKTypara € JOIbIHCHUTEIHO MOTBBPACHA U C TIOMOIITAa Ha PEHTTCHOCTPYKTYPEH KpHCcTalorpadcKy aHaIn3.
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