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ABSTRACT: The synthesis of a novel quinone
fused phosphorus heterocycle, 2-chloro-3,3-disub-
stituents-3,4-dihydro-2H-naphtho[2,3-e][1,4,2]-
oxazaphosphinane-5,10-dione 2-oxide (3a–g), was
described for the first time. These compounds, which
have a readily leaving group Cl, can serve as intermedi-
ates of many quinone fused phosphorus heterocycles.
The structures of 3a–g were characterized by using
common spectroscopic methods. According to the
X-ray structure of 3a, these compounds may be used
as DNA-intercalators. C© 2007 Wiley Periodicals, Inc.
Heteroatom Chem 18:359–362, 2007; Published online in
Wiley InterScience (www.interscience.wiley.com). DOI
10.1002/hc.20306

INTRODUCTION

The quinone structure is common in numerous nat-
ural products that are associated with antitumor,
antibacterial, antimalarial, and antifungal activities
[1]. A variety of heterocyclic quinones with different
heteroatom substituents could exhibit the activities
through different action and sometimes improve the
activities [2–5].

On the other hand, organophosphorus com-
pounds continue to receive widespread attention due
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to their ubiquity in biological systems [6,7] and their
potential to serve as novel pharmaceuticals [8–13]. α-
Aminophonic acids and their derivatives have often
exhibited biochemical activity similar to that of nat-
urally occurring carboxylic acids and their deriva-
tives [14–16]. In the literature, many heterocyclic
quinones with nitrogen, sulfur, or selenium atom
have been synthesized, and antitumor activities of
these derivatives have been thoroughly studied [17–
20]. However, only a few examples of quinone con-
densed with phosphorus heterocycles have been
reported [21,22].

Recently, combination chemotherapy has been
adopted to combat cancer. By introducing two
groups with different mechanisms of action into
one molecular, the new structure obtained con-
taining two functional groups would also be ben-
eficial in the treatment of cancer. As a part of
our ongoing efforts for the preparation of biolog-
ically active phosphorus heterocycles [23,24], we
decided to explore the synthesis of some novel
cyclic α-aminophonate, α-aminophonic acid, and
α-aminophonic amide condensed with the naph-
thoquinone pharmacophore. In the course of syn-
thesis of target compounds mentioned above, we
found that the structure A with different substituents
at 3-position, 2-chloro-3,4-dihydro-2H-naphtho[2,3-
e][1,4,2]oxazaphosphinane-5,10-dione 2-oxide, is a
key precursor of many compounds (Fig. 1).

For molecular A, Cl serves as a leaving group
and facilitates the attacking of a variety of nucle-
ophilic reagents, thus effectively forming various
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FIGURE 1 Naphthoquinone condensed with phosphorus
heterocycle.

substituted phosphorylated heterocycles. On this ba-
sis, we now report an easy and versatile method to-
ward the synthesis of these important intermediates.

RESULTS AND DISCUSSION

The three-component condensation reaction of
trivalent phosphorus species, amides, and aldehy-
des or ketones has been proved facile for the prepa-
ration of new phosphorus heterocyclic compounds
[25,26]. As shown in Scheme 1, the starting ma-
terial 2-amino-3-hydroxy-1,4-naphthoquinone 2 has
been prepared by the literature method [27]. When
it was allowed to react with phosphorus trichloride
and ketones or aromatic aldehydes, the target com-
pounds 3a–g were obtained in 45–67% yields from
compound 2 (Table 1). In the case of 3b, we isolated
two isomers (cis-3b and trans-3b, ratio 1:1) by fur-
ther column chromatography. In the cases of 3c, 3d,
and 3e, only one isomer was isolated.

Compared with other reported phosphorus
agents in this type of ring-closing reaction, such
as PhPCl2 [26], ROPCl2 [24], (RO)2PCl [28], and
H2PO2Me [29], PCl3 is common and commercially
available. Moreover, the products obtained can be
readily derived. The structures of 3a–g were con-
firmed by 1H NMR, 31P NMR, MS and microanalysis
(Tables 2 and 3).

SCHEME 1 Synthesis of phosphorus heterocyles (3a–g). Reagents and conditions. (a) NaNO2, HCl, CH3OH/H2O (2/3),
80◦C, 3 h; (b) Na2S2O4, CH3CH2OH/H2O (1/15) room temperature, 30 min, 78% for two steps; (c) PCl3, R1(CO)R2, THF, 0◦C
to room temperature,12 h.

TABLE 1 Substituents and Yields of Phosphorus
Heterocycles 3a–g

Product R1 R 2 Yield a (%)

3a Me Me 67
3b Me Et 55b

3c Ph H 58
3d 2-NO2C6H4 H 63
3e 4-OMeC6H4 H 45
3f (CH2)4 62
3g (CH2)5 60

aYield from 2-amino-3-hydroxy-1,4-naphthoquinone 2.
bTotal yield of geometric isomers.

Compound 3a was recrystallized from ether and
hexane (2:1). An orange single crystal with approxi-
mate dimensions of 0.26 mm × 0.14 mm × 0.12 mm
was selected for X-ray crystallographic analysis
[30].

The cytotoxic mechanism of the quinone deriva-
tives has been extensively studied, and one possi-
ble mechanism of action has been suggested as a
DNA topoisomerase inhibitor via DNA-intercalation,
or reducing quinone moiety by oxidoreductase [31–
35]. According to the protocol reported previously,
the DNA-intercalating molecule must have a planar
tricyclic or tetracyclic ring with a length of 3–4 Å and
a width of 6–8 Å. It must also have a p-conjugated
quinone containing nitrogen as this enables hydro-
gen bonding with DNA [36,37].

The X-ray structure of 2-chloro-3,3-di-
methyl-3,4-dihydro-2H-naphtho[2,3-e][1,4,2]oxaza-
phosphinane-5,10-dione 2-oxide 3a shown in Fig. 2,
illustrated that N1 and O3 are almost coplanar with
the quinonyl ring, while P1 and C11 are at the oppo-
site side. The dihedral angle of naqthoquinonyl ring
and six-member phosphorus heterocycle was 8.4◦.
The distances between each atom of right-side phos-
phorus heterocycle and the plane of naqthoquinone
were shown in Table 4.

It can be found that the three rings are approxi-
mately coplanar. On the other hand, the distance of
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TABLE 2 The Synthesis of Naphthoquinone Fused Cyclic α-Aminophosphoryl Chloride 3

Found/Calcd31P NMR
Product mp (◦C) (CDCl3/H3PO4) MS (M+) C (%) H (%) N (%)

3a 211–213 26.0 311 49.97/50.10 3.56/3.56 4.28/4.49
3b 232–234a 25.6/26.2 325 52.00/51.63 4.12/4.02 4.30/4.30
3c 196–198 7.03 359 56.45/56.76 3.08/3.08 3.85/3.89
3d 245–247 6.23 404 50.37/50.45 2.45/2.49 6.91/6.92
3e 213–215 8.01 389 55.51/55.47 3.42/3.36 3.45/3.59
3f 195–197 24.0 337 53.21/53.35 3.78/3.88 4.12/4.15
3g 201–203 26.1 351 54.64/54.64 4.23/4.30 4.11/3.98

aTwo isomers show no difference in melt point.

P1 and C8, P1 and C9, C11 and C8, and C11 and C9,
is 7.489 Å, 7.632 Å, 7.523 Å, and 7.368 Å, respectively.
These results are consistent with the conditions pre-
scribed for intercalator species. Above characters of
novel qunione–phosphorus heterocycles will be use-
ful in the study of structure–activity relationship.

In conclusion, we have synthesized, for the first
time, naphthoquinone fused phosphorus hetero-
cycles 2-chloro-3,3-disubstituents-3,4-dihydro-2H-
naphtho[2,3-e][1,4,2]oxazaphosphinane-5,10-dione
2-oxides by three-component condensation reaction.
The method could provide valuable routes to various
phosphorus heterocycles and enrich the organic
and medicinal chemistry of quinones. Future devel-

TABLE 3 1H NMR Data of the Synthesized Phosphorus
Heterocycles 3a–g

Product 1H NMR (CDCl3/TMS), δ, J (Hz)

3a 1.67 (d, 3JPCCH = 17.3 Hz, 3H, CH3), 1.78 (d,
3JPCCH = 20.5 Hz, 3H, CH3), 5.45–5.53 (br,
1H, NH), 7.70–8.19 (m, 4H, C6H4)

3b cis:1.14 (t, J = 7.04 Hz, 3H, CH2CH3), 1.57 (d,
3JPCCH = 15.6 Hz, 3H, CH3), 1.65–1.98 (m,
2H, CH2CH3), 5.21–5.43 (br, 1H, NH),
7.70–8.19 (m, 4H, C6H4) trans: 1.23 (t,
J = 7.04 Hz, 3H, CH2CH3), 1.61 (d,
3JPCCH = 15.6 Hz, 3H, CH3), 2.01–2.23 (m,
2H, CH2CH3), 5.21–5.43 (br, 1H, NH),
7.70–8.19 (m, 4H, C6H4)

3c 4.88 (d, 2JPH = 17.5 Hz, 1H, CH), 5.85–5.93 (br,
1H, NH), 7.40–7.50 (m, 5H, C6H5), 7.66–8.12
(m, 4H, C6H4)

3d 4.11 (d, 2JPH = 15.8 Hz, 1H, CH), 5.65–5.73 (br,
1H, NH), 7.23–7.35 (m, 4H, C6H4), 7.55–8.17
(m, 4H, C6H4)

3e 3.91 (s, 3H, OCH3), 5.84–5.89 (br, 1H, NH),
7.27–7.35 (m, 4H, C6H4), 7.55–8.20 (m, 4H,
C6H4)

3f 1.60–2.67 (m, 8H, (CH2)4), 5.48–5.57 (br, 1H,
NH), 7.70–8.18 (m, 4H, C6H4)

3g 1.58–2.62 (m, 10H, (CH2)5), 5.52–5.60 (br, 1H,
NH), 7.70–8.19 (m, 4H, C6H4)

FIGURE 2 Single crystal structure of 3a.

opments include preparation of various substituted
phosphorylated quinonyl heterocycles and explor-
ing their activities. Results will be reported in due
course.

EXPERIMENTAL

Instruments and Reagents

All melting points were determined on a Yanaco
apparatus and are uncorrected. NMR spectra were
measured on a Bruker AVANCE 300 NMR instru-
ment in CDCl3 and chemical shifts are expressed as
δ. Coupling constants J are given in Hz. Tetram-
ethylsilane was used as an internal standard for 1H
NMR, and 85% H3PO4 as an external standard for
31P NMR spectroscopy. Mass spectra were recorded
on a Polaris-Q instrument of Thermofinnigan.
Elemental analysis was carried out on a Yanaco

TABLE 4 Distances of Atoms to the Plane of Naphtho-
quinonyl Ringa (Å)

P1 C11 N1 O3 C 2 C 3

0.2531 0.5497 0.1518 0.0232 0.0130 0.0658

aEquation of least-squares plane of naphthoquinonyl ring: 6.753x −
6.675y + 3.306z − 1.5771 = 0.
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CHNCORDER MT-3 Analyzer. X-ray analysis was
done on a Bruker SMART 1000 CCD diffractometer
with MoKα radiation (λ= 0.71073 Å). Column chro-
matography was performed using silica gel H (10–40
µm, Haiyang Chemical Factory of Qingdao). The sol-
vent was dried with sodium and redistilled.

General Procedure for the Synthesis of 2-Chloro-
3,3-disubstituents-3,4-dihydro-2H-naphtho[2,3-
e][1,4,2]oxazaphosphinane-5,10-dione 2-oxide
(3a–g)

Equivalent of 2-amino-3-hydroxy-1,4-
naphthoquinone 2 and phosphorus trichloride
were dissolved in anhydrous THF with stirring
at 0◦C. Fifteen minutes later, ketone or aromatic
aldehyde (1 equiv) was added. The reaction mixture
was allowed to warm to room temperature and was
continuously stirred for 12 h. The resulting mixture
was concentrated in vacuo, and the residue was
purified by column chromatography on silica gel,
eluting with EtOAc/petroleum ether (bp 60–90◦C,
1:1) to afford analytically pure product (for com-
pound 3b, separating the two isomers by further
column chromatography, EtOAc/Hexane 1/5).
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