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ABSTRACT

The reaction of 1-(2-bromoethyl)-2,3-dihydro-3-propyl-1,3,2-
benzodiazaphosphorin-4(1H)-one 2-oxide with carbon disul-
fide takes an alternative pathway in the use of different bases.
The sodium hydride mediated reaction leads to the formation
of the tricyclic fused 1,2,3,4,4a,4b,5,6-octahydro-6-oxo-5-
propyl-4-thia-3,4b,4a-thiazphosphaphenanthridine 4a-oxide
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via addition of H-P bond across the double bond of carbon
disulfide followed by intramolecular cyclization. In the presence
of triethylamine, refluxing a mixture of 1-(2-bromoethyl)-
2,3-dihydro-3-propyl-1,3,2-benzodiazaphosphorin-4(1H)-one
2-oxide with carbon disulfide in benzene takes an unusual
course with formation in excellent yield of the first example
of fused phosphorus heterocyclic 4-[10-(�-bromoethyl)-40-oxo-
30-propyl-10,20,30,40-tetrahydro-1,3,2-benzodiazaphosphorin-20-
sulfide]-1,2,3,4,4a,4b,5,6-octahydro-6-oxo-5-propyl-3,4b, 4a-
thiazphosphaphenanthridine 4a,20-dioxide, which was
confirmed by spectroscopic methods, microanalyses and
single crystal X-ray structure determination.

Organophosphorus compounds are ubiquitous in nature and they have
broad applications in the fields of agriculture and medicine.[1–4] There has
been a considerably growing interest in heterocyclic compounds due to their
pharmaceutical importance and extensive application in organic synthesis,
and the application of heterocycles is suggested to enhance the biological
activity and/or offer other diverse properties.[5–7]Furthermore, a sizeable
number of endogenous compounds that play a key role in regulation of vari-
ous life processes consists of fused heterocycles. As part of ongoing studies in
our laboratory to develop novel antitumor and antiviral agents with high
activity and low toxicity, in previous work,[8] we have reported that 11-
ethoxycarbonylmethyl-6-oxo-3,4,6,11-tetrahydro-1-thio-[1,4,3]thiazaphospho-
rino-[3,4-b][1,3,2]benzodiazaphosphorine 12-oxide (2) was designed
incorporating the proximate thiono and phosphoryl groups into the benzo-
annulated phosphdiamide heterocycle and synthesized by the addition and
ring-closure reaction of 3-(2-chloroethyl)-2,3-dihydro-1-ethoxycarbonyl-
methyl-1,3,2-benzodiazaphosphorin-4(1H)-one 2-oxide (1) with carbon
disulfide in the presence of sodium hydride, as shown in Scheme 1, which also

Scheme 1.

2216 HUANG, CHEN, AND CHEN

D
ow

nl
oa

de
d 

by
 [

T
uf

ts
 U

ni
ve

rs
ity

] 
at

 1
0:

05
 2

8 
Se

pt
em

be
r 

20
14

 



afforded 1,1-bisspiro{11-ethoxycarbonylmethyl-6-oxo-3,4,6,11-tetrahydro-
[1,4,3]thiazaphosphorino[3,4-b][1,3,2]benzodiazaphosphorine 12-oxide} (3)

in a one-pot procedure at the same time, and the mechanism was outlined
in Scheme 2.

Herein, we wish to report our further investigation on the reaction of
1-(2-bromoethyl)-2,3-dihydro-3-propyl-1,3,2-benzodiazaphosphorin-4(1H)-
one 2-oxide (4) with carbon disulfide. Preparation of 4 was readily accom-
plished in a four-step sequence outlined in Scheme 3 starting from the cheap
and available material of o-aminobenzoic acid. In order to protect the
amino group and activate the carbonyl group of o-aminobenzoic acid, we
transformed it into the corresponding cyclic anhydride 5 by the action of
triphosgene that is a safe and stable replacement for phosgene. Therefore,
the reaction of the cyclic anhydride 5 with propyl amine was carried out
under very mild conditions in good yields to provide N-propyl anthranil-
amide 6. Then, the phosphorus reagent 4 could be obtained by the reaction
of N-propyl anthranilamide 6 with 1,2-dibromoethane followed by treat-

Scheme 2.

Scheme 3.
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ment of the intermediate anthranilamide derivative 7 with phosphorus
trichloride. We have reported[9] that the reaction of the cyclic anhydride 8

using 2-bromoethylamine (generated from its hydrobromide salt) in place of
propyl amine provided oxazoline 10 by cyclization of the expected
intermediate anthranilamide derivative 9. Therefore, as the analog of the
phosphorus reagent 1 and 4, 3-(2-bromoethyl)-2,3-dihydro-1-propyl-1,3,2-
benzodiazaphosphorin-4(1H)-one 2-oxide (11) could not be obtained as
shown in Scheme 4.

As expected, the tricyclic fused compound 12 was only obtained in
67% yield on the treatment of the phosphorus reagent 4 with carbon disul-
fide in the presence of sodium hydride at room temperature according to
Scheme 5. 1H NMR, 31P NMR and elemental analysis data supported the
structure of the compound 12, 1,2,3,4,4a,4b,5,6-octahydro-6-oxo-5-propyl-
4-thia-3,4b,4a-thiazphosphaphenanthridine 4a-oxide. The spiro fused het-
erocyclic compound 13 was not observed in the experiment. We believe
the compound 12 is formed by the mechanism outlined in Scheme 6,
which involved the nucleophilic addition of the phosphorus reagent 4 con-

Scheme 4.

Scheme 5.
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taining a P–H bond to the double bond of carbon disulfide followed by the
fast intramolecular cyclization in a one-pot procedure.

However, in the presence of triethylamine, refluxing a mixture of 4

with carbon disulfide in benzene gave the first example of fused phosphorus
heterocyclic compound 14 in 89% yield, as shown in Scheme 7, which takes
an unusual course and provides a novel method for practical synthesis of
4-[10-(�-bromoethyl)-40-oxo-30-propyl-10,20,30,40-tetrahydro-1,3,2-benzodiaza-
phosphorin-20-sulfide]-1,2,3,4,4a,4b,5,6-octahydro-6-oxo-5-propyl-3,4b,4a-
thiazphosphaphenanthridine 4a,20-dioxide. Its structure was determined by
X-ray crystallography and is shown in Figure 1.[10] Compounds 12 and 13

were not obtained as the products in this experiment. None of the proposed
intermediates in this reaction involved the overall addition of two molecules
of 4 to carbon disulfide and loss of the elements HBr were actually observed,
but the pathway as outlined in Scheme 8 would appear plausible. It is
suggested that the addition of one molecule of 4 to carbon disulfide gives
rise to an ionic intermediate 15, then occurs the ring-closure and rearrange-

Scheme 6.

Scheme 7.
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Scheme 8.

Figure 1. X-ray crystal structure of the fused phosphorus heterocyclic
compound 14.
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ment followed by addition with a second molecule of 4 and the fast ring-
closure reaction to form 14.

In conclusion, this study has demonstrated that the unusual addition
and ring-closure reaction of 1-(2-bromoethyl)-2,3-dihydro-3-propyl-1,3,2-
benzodiazaphosphorin-4(1H)-one 2-oxide with carbon disulfide in the
presence of triethylamine could be utilized as a template for a new and
convenient synthesis of fused phosphorus heterocyclic compounds bearing
a (O)P–S–C–P(O) bond structure with special consideration given to the
biological activity,[7,11] in which the phosphoryl group is of fundamental
significance in many of the most important molecules that control molecular
replication, cell biochemistry and metabolic processes in all living species.[12]

The synthesis of further examples of this ring system and study of their
chemistry is in progress.

EXPERIMENTAL

Melting points were determined with a model YANACO MP-500
apparatus and are uncorrected. The 1H and 31P NMR spectra were
recorded on a BRUKER AC-P200 instrument. Tetramethylsilane (TMS)
was used as an internal standard for 1H NMR, and 85% phosphoric acid
(H3PO4) was used as an external standard for 31P NMR spectroscopy. The
nuclei that are deshielded relative to their respective standards are assigned
a positive chemical shift. Coupling constants, J, are given in Hz. Elemental
analyses were carried out on a Yana MT-3 instrument. Column chroma-
tography was performed using silica gel H (10–40 mm, Haiyang Chemical
Factory of Qingdao).

Preparation of 3,1-Benzoxazine-2,4(1H)-dione (5)

To a stirred solution of o-aminobenzoic acid (24.69 g, 0.18 mol) in
180 mL of acetonitrile at 50–55�C were added dropwise pyridine (28.48 g,
0.36 mol) and a solution of triphosgene (17.80 g, 0.06 mol) in 100 mL of
dichloromethane at the same time. After completion of the addition, the
temperature of the reaction mixture was maintained at 50–55�C for an
additional 2 h. The solvent was removed under reduced pressure and the
residue was added 200 mL of water. The precipitated solid obtained by
filtration was washed with water followed by chilled dichloromethane,
and dried in a vacuum dryer, yielding 27.72 g (94.4%) of 5, m.p.
237–240�C. The intermediate 5 thus obtained is pure enough for further
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manipulations but can be recrystallized from ethanol/water, m.p. 242�C dec.
(Refs. [13,14], m.p. 243�C dec.).

Preparation of N-Propyl 2-Aminobenzic Amide (6)

To a stirred suspension of 5 (16.31 g, 0.10 mol) in 150 mL of dioxane,
propylamine (8.85 g, 0.15 mol) was added dropwise at 40�C over a period of
30 min. Stirring was continued for an additional 1.5 h at 60–70�C, and then
the solvent was removed under reduced pressure to yield 17.20 g (96.5%) of
6, which was used without further purification. Analytical sample was
recrystallized from ether, m.p. 101–102�C. 1H NMR (CDCl3, ppm; J, Hz):
0.96 (t, 3H, NHCH2CH2CH3,

3JHH¼ 7.4); 1.60 (m, 2H, NHCH2CH2CH3);
3.33 (m, 2H, NHCH2CH2CH3); 5.42 (br, 2H, NH2); 6.14 (br, 1H, C(O)NH);
6.60–7.34 (m, 4H, C6H4). Anal. calcd for C10H14N2O: C, 67.39; H, 7.92;
N, 15.72. Found: C, 67.50; H, 7.82; N, 15.69.

Preparation of N-Propyl 2-(2-Bromoethyl)aminobenzic Amide (7)

A mixture of 6 (8.91 g, 0.05 mol), 0.1 mol of 1,2-dibromoethane,
sodium bicarbonate (8.4 g, 0.1 mol) and 50 mL of acetonitrile was refluxed
for 6 h, till the spot of 6 disappeared on silica gel TLC developed with the
solvent of ethyl acetate/petroleum ether (1 : 1). The liquid was collected by
filtration followed by washing with ethyl acetate, and then the solvent from
the filtrate was removed under reduced pressure and the residue was chro-
matographed on a column of silica gel using a mixture of ethyl acetate/light
petroleum (b.p. 60–90�C) to elute the intermediate 7, 62.8% yield, m.p.
51–53�C. 1H NMR (CDCl3, ppm; J, Hz): 0.95 (t, 3H, NHCH2CH2CH3,
3JHH¼ 7.4); 1.61 (m, 2H, NHCH2CH2CH3); 3.35 (m, 2H, NHCH2CH2CH3);
3.58–3.92 (m, 4H, NHCH2CH2Br); 6.24 (br, 1H, C(O)NH); 6.62–7.38 (m,
4H, C6H4); 7.65 (br, 1H, NHCH2CH2Br). Anal. calcd for C12H17BrN2O:
C, 50.54; H, 6.01; N, 9.82. Found: C, 50.49; H, 5.86; N, 9.65.

Preparation of 1-(2-Bromoethyl)-2,3-dihydro-3-propyl-1,3,2-

benzodiazaphosphorin-4(1H )-one 2-Oxide (4)

A mixture of 0.05 mol of 7 and 0.051 mol of phosphorus trichloride
in 250 mL of dry benzene was refluxed for 5 h. Ethyl acetate was added to
the reaction mixture and it was washed with cold dilute sodium bicarbo-
nate followed by brine, dried over Na2SO4. The solvent collected by filtra-
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tion followed by washing with ethyl acetate was removed under reduced
pressure and the resulting oil was purified by flash chromatography [silica
gel 60; ethyl acetate/light petroleum (b.p. 60–90oC), 1 : 1] to give 10.56 g
(63.8%) of 4. M.p. 82–84�C. 1H NMR (CDCl3, 200 MHz) �: 0.96 (t, 3H,
NCH2CH2CH3,

3JHH¼ 7.4 Hz), 1.77 (m, 2H, NCH2CH2CH3), 3.55–4.12
(m, 6H, PNCH2CH2CH3þPNCH2CH2Br), 6.90–8.26 (m, 4H, C6H4), 7.86
(d, 1H, P(O)H, 1JPH¼ 645.9 Hz). 31P NMR (CDCl3, 80.96 MHz) �: 5.95
(s). Anal. calcd for C12H16BrN2O2P: C, 43.52; H, 4.87; N, 8.46. Found:
C, 43.68; H, 5.05; N, 8.66.

Preparation of 1,2,3,4,4a,4b,5,6-Octahydro-6-oxo-5-propyl-4-thia-

3,4b,4a-thiazphosphaphenanthridine 4a-Oxide (12)

To a solution of the compound 4 (3.0 mmol) in 20 mL of anhydrous
THF, 3.2 mmol of sodium hydride (80% in mineral oil, pentane washed)
was added at �10�C. Stirring the mixture for 0.5 h produced a dense white
precipitate. The mixture was treated with carbon disulfide (3.2 mmol) drop-
wise, stirred 5 h at room temperature, then poured into ice/water (50 mL)
and extracted with ethyl acetate (3� 40 mL). The combined organic extracts
were dried (Na2SO4) and the solvent was removed under reduced pressure.
The resulting residue was chromatographed on a column of silica gel using a
mixture of 40% ethyl acetate/petroleum ether (60–90�C) to elute the product
in 67% yield. M.p. 207�C (dec.). 1H NMR (CDCl3, 200 MHz) �: 0.95 (t, 3H,
NCH2CH2CH3,

3JHH¼ 7.2 Hz), 1.75 (m, 2H, NCH2CH2CH3), 2.68 (dm,
1H, 1/2�SCH2CH2N, 2JHH¼ 15.9 Hz), 3.52–4.50 (m, 5H, SCH2CH2Nþ

1/2� SCH2CH2NþNCH2CH2CH3), 6.85–8.20 (m, 4H, C6H4).
31P NMR

(CDCl3, 80.96 MHz) �: 8.95 (s). Anal. calcd for C13H15N2O2PS2: C, 47.84;
H, 4.63; N, 8.58. Found: C, 47.72; H, 4.45; N, 8.65.

Preparation of 4-[10-(b-Bromoethyl)-40-oxo-30-propyl-10,20,30,40-

tetrahydro-1,3,2-benzodiazaphosphorin-20-sulfide]-1,2,3,4,4a,4b,5,6-

octahydro-6-oxo-5-propyl-3,4b,4a-thiazphosphaphenanthridine

4a,20-Dioxide (14)

A mixture of 3.0 mmol of 4, 3.2 mmol of carbon disulfide and 6.0 mmol
of dry triethylamine in 20 mL of anhydrous benzene was heated at reflux till
the spot of 4 disappeared on silica gel TLC developed with the solvent of
ethyl acetate/petroleum ether (2 : 1), then the produced triethylamine hydro-
bromide was filtered off. The solvent from the filtrate was removed under
reduced pressure and the residue was chromatographed on a column of
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silica gel using a mixture of 60% ethyl acetate/petroleum ether (60–90�C) to
elute the product in 89% yield. The single crystals suitable X-ray
analysis were obtained by recrystallization from mixture solvent
of ethyl acetate and 9petroleum ether (90–120�C). M.p. 192�C (dec.).
1H NMR (CDCl3, 200 MHz) �: 0.96 (m, 6H, 2�NCH2CH2CH3), 1.74 (m, 4H,
2�NCH2CH2CH3), 2.47 (dm, 1H, 1/2� SCH2 CH2N, 2JHH�

13 Hz), 3.07 (tm, 1H, 1/2� SCH2CH2N, 2JHH�
3JHH� 13 Hz), 3.35–4.66

(m, 10H, 2�NCH2CH2CH3þ SCH2CH2NþNCH2CH2Br), 4.80 (dd, 1H,
CH, 2JPH¼ 17.7 Hz, 3JPH¼ 14.6 Hz), 6.84–8.22 (m, 8H, 2�C6H4).

31P NMR
(CDCl3, 80.96 MHz) �: 10.17 (d), 24.45 (d), 3JPP¼ 31.6 Hz. Anal. calcd
for C25H31BrN4O4P2S2: C, 45.67; H, 4.75; N, 8.52. Found: C, 45.58;
H, 4.72; N, 8.65.
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