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GRAPHICAL ABSTRACT

Abstract The synthesis of new naphthopyranotriazolopyrimidines phosphonates 4a–i in good
yields (74%–93%) has been accomplished via Michaelis–Arbusov rearrangement by the reac-
tion of trialkyl phosphite with naphthopyranotriazolopyrimidines chloride 3a–e, which were
obtained from α-functionalized iminoethers 1 in two steps. The synthesized compounds 4a–i
were completely characterized by IR, 1H, 13C, and 31P NMR and HRMS.
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SYNTHESIS OF NEW PHOSPHONATE DERIVATIVES 613

INTRODUCTION

Phosphorus-containing compounds play a key role in living organisms as carriers
of genetic information and important signaling, regulatory, energy transfer, and structural
compounds.1 Due to this pivotal role, biological important phosphorus compounds have
become therapeutic targets in various modern medicinal techniques such as antisense2 and
antigene3 approaches to modulation gene expression or a gene silencing technique using
short interfering RNA.4 On the other hand, heterocyclic phosphonates containing the P–C
bond are not particularly abundant in nature. Their diverse biological activity5,6 has, for a
long time, attracted considerable synthetic7 and pharmacological interest.8

The Michaelis–Arbuzov rearrangement, also known as the Arbusov reaction, is a
very versatile way to form P–C bond from the reaction of an aryl/alkyl halide and trialkyl
phosphite.9 This reaction is one of the most extensively investigated and is widely used to
prepare phosphonates, which are particularly important in connection with their remarkable
biological and pharmacological activities. They have been widely used as antibacterial,10

anti-HIV,11 anti-inflammatory,12 antiviral,13 and antitumor14 agents. Thus, a large number
of new phophonate derivatives have been prepared hitherto with special attention to ni-
trogen heterocyclic compounds.15–19 In this context, triazolopyrimidines, known by their
medicinal, bactericidal, and fungicidal activities,20–22 could be used as a source of nitrogen
with access to new bioactive phosphonate derivatives.

In continuation of this fact and as a contribution to the search for efficient methodolo-
gies for the synthesis of new heterocyclic phosphonates, we prepared a series of novel naph-
thopyranotriazolopyrimidines dialkylphosphonates 4a–i, since they would be expected to
possess biological activity, via the Arbusov reaction of naphthopyranotriazolopyrimidines
chloride 3a–e with trialkyl phosphite.

RESULTS AND DISCUSSION

According to the previously reported method,23 we have synthesized a series of α-
functionalized iminoethers 1a–e and have subjected them to reaction with an aqueous solu-
tion of hydrazine in methanol at 0 ◦C to give the naphthopyranopyrimidines 2 (Scheme 1).
The key intermediate, naphthopyranotriazolpyrimidines chloride 3, was prepared accord-
ing to the literature procedure,24 through a cyclization reaction of binucleophiles 2 using
chloroacetyl chloride.

The formation of new naphthopyranotriazolpyrimidines phosphonates 4a–i, in good
yields (Table 1) was carried out via Michaelis–Arbuzov rearrangement (Arbusov reaction)
of naphthopyranotriazolpyrimidines chloride 3 with trialkyl phosphite. (Scheme 1)

In order to determine the best conditions for the preparation of compounds 4, we
examined the reaction under various conditions by changing the temperature and the solvent
(toluene, xylene); we found that the best yields (Table 1) were obtained when compounds
3 were reacted under reflux with an excess of trialkyl phosphite used at the same time as
a solvent. The reaction was conducted until TLC indicated that the starting materials have
been completely converted to products 4.

The structures of compounds 4 have been assigned from their analytical data, IR,
1H NMR, 13C NMR, 31P NMR and mass spectroscopy (HR-ES-MS). In fact, the 1H NMR
spectra, of compounds 4 showed, in addition to the signals corresponding to the cyclic
moiety protons that the CH2 group (H7′ ) was found as a doublet (J = 21.6–25.4 Hz) at a
chemical shift of 3.56–3.85 ppm. The large splitting was a result of a two-bond coupling
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614 A. ROMDHANE ET AL.
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of being directly bonded to the phosphorus. We also detected the presence of a doublet at
3.84–3.88 ppm (J = 12.5–12.7 Hz), when R′ = Me, as a result of proton H8′ coupled to
the phosphorus group and a multiplet with chemical shift of 4.02–4.25 ppm, when R′ = Et,
due to the coupling H8′ with phosphorus and H9.

Table 1 Yields of naphthopyranotriazolopyrimidines dialkylphosphonates 4a–i

Product 4 R R′ Yield (%)

4a H Me 74
4b H Et 78
4c Et Me 82
4d Et Et 84
4e MeO Me 86
4f MeO Et 87
4g iPr Et 89
4h Cl Me 91
4i Cl Et 93
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SYNTHESIS OF NEW PHOSPHONATE DERIVATIVES 615

The 13C NMR spectra of these compounds were also in agreement with the proposed
structures. In fact, in addition of the signals corresponding to the carbons introduced by
the intermediate 2, we observed a doublet at 26.8–28.6 ppm with a very large coupling
constant (161.2–161.9 Hz) as a result of being directly bonded of C7′ to the phosphorus
and two doublets at 53.2–72.7 ppm (J = 7.1–7.4 Hz) and 161.9–162.6 ppm (J = 9.3–9.7
Hz) from the coupling of phosphorus with C8′ and C2, respectively. Finally, when R′ = Et,
we observed a doublet at 16.4 ppm (J = 6.9 Hz) results of carbon C9′ being coupled to
phosphorus. The 31P NMR spectra of these compounds showed the signal corresponding to
the phosphonyl group. The infrared spectra also revealed the presence of absorbance due
to P O band at 1220–1230 cm−1. The HR-ES mass spectra showed essentially the ion
peak [M + H]+. Figures S 1–S6 (Supplemental Materials) show sample 1H, 13C, and 31P
NMR spectra for 4a,h.

EXPERIMENTAL

All reactions were monitored by TLC using aluminium sheets of Merck silica gel 60
F254, 0.2 mm. Column chromatography was performed on silica gel (70–230 mesh) using
ethyl acetate and hexane mixture as eluents. Melting temperatures were determined on an
Electrothermal 9002 apparatus and were reported uncorrected. NMR spectra were recorded
on a Bruker AC-300 spectrometer at 300 MHz (1H), 75 MHz (13C), and 121 MHz (31P).
All chemical shifts were reported as δ values (ppm) relative to internal tetramethylsilane.
Toluene was distilled from sodium prior to use. IR spectra were recorded on FTS-6000
BIO-RAD apparatus. Mass spectra were obtained with Micromass LCT (ESI technique,
positive mode) spectrometers.

General Procedure for Preparation of Naphthopyranopyrimidinedialkyl

Phosphonates 4a–i

In a typical procedure, the solution of naphthopyranotriazolopyrimidine 3 (1 mmol)
and an excess of trialkylphosphite (10 mL) was refluxed for 6 h. The reaction evolution was
checked by TLC. When all the starting material was consumed, the mixture was cooled to
room temperature, then the precipitate formed was filtered, dried, and purified by silica gel
column chromatography using petroleum ether–ethyl acetate (7:3).

Compound 4a: 2-methyldimethoxyphosphoryl-14-phenyl-4H-naphto[2,1-b]
pyrano[3,2-e] [1,2,4]triazolo [1,5-c]pyrimidine: white solid; mp 258 ◦C–259 ◦C; IR
(KBr, cm−1) ν: 1630 (C N), 1230 (P O), 975 (P–O–C); 1H NMR (300 MHz, CDCl3): δ

3.67 (d, JP–H = 25.2 Hz, 2H), 3.86 (d, JP–H = 12.3 Hz, 3H), 3.88 (d, JP–H = 12.7 Hz, 3H),
6.40 (s, 1H), 7.08–7.60 (m, 11Harom.), 9.08 (s, 1H); 13C NMR (75 MHz, CDCl3): δ 26.7
(d, JP–C = 161.6 Hz), 37.6, 53.3 (d, JP–C = 7.4 Hz), 103.4, 114.9, 117.5, 123.4, 125.2,
127.2, 127.4, 128.3, 128.6, 128.9, 129.9, 130.8, 131.6, 138.1, 142.4, 148.5, 153.1, 154.2,
161.9 (d, JP–C = 9.6 Hz); 31P (120 MHz, CDCl3): δ 24.5; HR-ES-MS [M + H]+ calcd. for
(C25H22N4O4P)+ : 473.1341; found: 473.1347.

Compound 4b: 2-methyldiethoxyphosphoryl-14-phenyl-4H-naphto[2,1-b]
pyrano[3,2-e] [1,2,4]triazolo [1,5-c]pyrimidine: white solid; mp 254 ◦C–255 ◦C; IR
(KBr, cm−1) ν: 1625 (C N), 1220 (P O), 980 (P–O–C); 1H NMR (300 MHz, CDCl3): δ

1.35 (t, J = 8.8 Hz, 6H), 3.85 (d, JP–H = 25.3 Hz, 2H), 4.25–4.37 (m, 4H), 6.32 (s, 1H),
7.12–8.08 (m, 11Harom.), 9.10 (s, 1H); 13C NMR (75 MHz, CDCl3): δ 16.4 (d, JP–C = 6.9 Hz),
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616 A. ROMDHANE ET AL.

27.8 (d, JP–C = 161.2 Hz), 37.6, 62.7 (d, JP–C = 7.4 Hz), 103.4, 115.1, 117.5, 123.4, 125.2,
127.2, 127.4, 128.3, 128.6, 128.7, 129.9, 130.8, 131.6, 138.1, 142.5, 148.6, 153.2, 154.1,
162.4 (d, JP–C = 9.5 Hz); 31P (121 MHz, CDCl3): δ 21.9; HR-ES-MS [M + H]+ calcd. for
(C27H26N4O4P)+: 501,1674; found: 501.1668.

Compound 4c: 2-methyldimethoxyphosphoryl-14-(4-ethyl)phenyl-4H-naphto
[2,1-b] pyrano[3,2-e][1,2,4] triazolo[1,5-c]pyrimidine: white solid; mp 224 ◦C–225 ◦C;
IR (KBr, cm−1) ν: 1625 (C N), 1225 (P O), 985 (P–O–C); 1H NMR (300 MHz, CDCl3):
δ 1.07 (t, J = 8.8 Hz, 3H), 2.53 (q, J = 8.8 Hz, 2H), 3.70 (d, JP–H = 25.2 Hz, 2H), 3.83 (d,
JP–H = 12.2 Hz, 3H), 3.85 (d, JP–H = 12.5 Hz, 3H), 6.36 (s, 1H), 6.92–8.10 (m, 10Harom.),
9.13 (s, 1H); 13C NMR (75 MHz, CDCl3): δ 15.2, 27.1 (d, JP–C = 161.8 Hz), 28.3, 37.7,
53.2 (d, JP–C = 7.2 Hz), 103.7, 115.1, 117.5, 123.5, 125.2, 127.3, 128.0, 128.2, 128.6,
129.8, 130.9, 131.6, 137.9, 139.8, 143.1, 148.5, 153.3, 154.1, 162.1 (d, JP–C = 9.7 Hz); 31P
(121 MHz, CDCl3): δ 24.5; HR-ES-MS [M + H]+ calcd. for (C27H26N4O4P)+: 501.1738;
found: 501.1733.

Compound 4d: 2-methyldiethoxyphosphoryl-14-(4-ethyl)phenyl-4H-naphto[2,
1-b] pyrano[3,2-e][1,2,4] triazolo[1,5-c]pyrimidine: white solid; mp 254 ◦C–255 ◦C;
IR (KBr, cm−1) ν: 1635 (C N), 1230 (P O), 980 (P–O–C); 1H NMR (300 MHz, CDCl3):
δ 0.91 (t, J = 8.8 Hz, 3H), 1.16 (t, J = 8.2 Hz, 6H), 2.51 (q, J = 8.8 Hz, 2H), 3.66 (d, JP–H =
25.4 Hz, 2H), 4.14–4.21 (m, 4H), 6.40 (s, 1H), 7.01–8.02 (m, 10Harom.), 9.05 (s, 1H); 13C
NMR (75 MHz, CDCl3): δ 15.1, 16.4 (d, JP–C = 6.9 Hz), 27.3 (d, JP–C = 161.3 Hz), 28.3,
37.2, 62.7 (d, JP–C = 7.1 Hz), 103.7, 115.2, 117.5, 123.4, 125.2, 127.4, 128.1, 128.2, 128.6,
129.8, 130.8, 131.6, 137.9, 139.8, 143.1, 148.5, 152.9, 154.2, 162.1 (d, JP–C = 9.5 Hz); 31P
(121 MHz, CDCl3): δ 21.9; HR-ES-MS [M + H]+ calcd. for (C29H30N4O4P)+: 529.2008;
found: 529.2014.

Compound 4e: 2-methyldimethoxyphosphoryl-14-(4-methoxy)phenyl-4H-naph
to[2,1-b] pyrano[3,2-e] [1,2,4]triazolo[1,5-c]pyrimidine: white solid; mp 262 ◦C–263 ◦C;
IR (KBr, cm−1) ν: 1630 (C N), 1220 (P O), 990 (P–O–C); 1H NMR (300 MHz, CDCl3):
δ 3.63 (d, JP–H = 21.6 Hz, 2H), 3.66 (s, 3H), 3.84 (d, JP–H = 12.4 Hz, 3H), 3.86 (d, JP–H

= 12.7 Hz, 3H), 6.36 (s, 1H), 6.69–7.96 (m, 10Harom.), 9.08 (s, 1H); 13C NMR (75 MHz,
CDCl3): δ 26.8 (d, JP–C = 161.3 Hz), 36.7, 53.2 (d, JP–C = 7.4 Hz), 55.1, 103.7, 113.9,
115.1, 117.5, 123.5, 125.2, 127.4, 128.6, 129.4, 129.8, 130.8, 131.6, 134.8, 137.9, 148.4,
153.0, 154.1, 158.6, 161.8 (d, JP–C = 9.5 Hz); 31P (121 MHz, CDCl3): δ 24.5; HR-ES-MS
[M + H]+ calcd. for (C26H24N4O5P)+: 503.1317; found: 503.1323.

Compound 4f: 2-methyldiethoxyphosphoryl-14-(4-methoxy)phenyl-4H-naphto
[2,1-b] pyrano[3,2-e] [1,2,4]triazolo[1,5-c]pyrimidine: white solid; mp 268 ◦C–269 ◦C;
IR (KBr, cm−1) ν: 1615 (C N), 1230 (P O), 995 (P–O–C); 1H NMR (300 MHz, CDCl3):
δ 1.24 (t, J = 8.8 Hz, 6H), 3.60 (d, JP–H = 22.3 Hz, 2H), 3.66 (s, 3H), 4.02–4.17 (m, 4H),
6.25 (s, 1H), 6.60–7.82 (m, 10Harom.), 8.98 (s, 1H); 13C NMR (75 MHz, CDCl3): δ 16.4 (d,
JP–C = 6.9 Hz), 27.8 (d, JP–C = 161.2 Hz), 36.7, 55.1, 62.7 (d, JP–C = 7.1 Hz), 103.7, 113.9,
115.2, 117.5, 123.4, 125.1, 127.3, 128.6, 129.4, 129.8, 130.8, 131.6, 134.8, 137.9, 148.5,
153.1, 153.9, 158.5, 162.3 (d, JP–C = 9.3 Hz); 31P (121 MHz, CDCl3): δ 22.0; HR-ES-MS
[M + H]+ calcd. for (C28H28N4O5P)+: 531.1601; found: 531.1608.

Compound 4g: 2-methyldiethoxyphosphoryl-14-(4-isopropyl)phenyl-4H-
naphto[2,1-b] pyrano[3,2-e] [1,2,4]triazolo[1,5-c]pyrimidine: white solid; mp 228
◦C–229 ◦C; IR (KBr, cm−1) ν: 1625 (C N), 1225 (P O), 985 (P–O–C); 1H NMR (300
MHz, CDCl3): δ 1.12 (d, J = 6.8 Hz, 6H), 1.39 (t, J = 8.2 Hz, 6H), 2.72–2.82 (m, 1H),
3.56 (d, JP–H = 22.5 Hz, 2H), 4.12–4.24 (m, 4H), 6.36 (s, 1H), 6.92–8.19 (m, 10Harom.),
9.11 (s, 1H); 13C NMR (75 MHz, CDCl3): δ 16.4 (d, JP–C = 6.9 Hz), 23.7, 27.8 (d, JP–C =
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SYNTHESIS OF NEW PHOSPHONATE DERIVATIVES 617

161.2 Hz), 33.5, 37.1, 62.7 (d, JP–C = 7.1 Hz), 103.7, 115.3, 117.5, 123.5, 125.1, 126.6,
127.3, 128.1, 128.6, 128.9, 129.7, 130.9, 131.6, 137.9, 147.6, 148.6, 153.1, 154.1, 162.2
(d, JP–C = 9.5 Hz); 31P (121 MHz, CDCl3): δ 22.1; HR-ES-MS [M + H]+ calcd. for
(C30H32N4O4P)+: 543.2183; found: 543.2176.

Compound 4h: 2-methyldimethoxyphosphoryl-14-(4-chloro)phenyl-4H-naphto
[2,1-b] pyrano[3,2-e] [1,2,4]triazolo[1,5-c]pyrimidine: white solid; mp 262 ◦C–263 ◦C;
IR (KBr, cm−1) ν: 1615 (C N), 1215 (P O), 980 (P–O–C); 1H NMR (300 MHz, CDCl3):
δ 3.61 (d, JP–H = 21.6 Hz, 2H), 3.82 (d, JP–H = 12.3 Hz, 3H), 3.86 (d, JP–H = 12.5 Hz,
3H), 6.34 (s, 1H), 7.03–7.85 (m, 10Harom.), 9.11 (s, 1H); 13C NMR (75 MHz, CDCl3): δ

26.8 (d, JP–C = 161.9 Hz), 37.1, 53.2 (d, JP–C = 7.4 Hz), 102.9, 114.2, 117.5, 123.2, 125.3,
127.5, 128.7, 128.8, 129.7, 130.2, 130.6, 131.6, 133.1, 138.2, 140.9, 148.5, 153.1, 154.1,
162.1 (d, JP–C = 9.6 Hz); 31P (121 MHz, CDCl3): δ 24.6; HR-ES-MS [M + H]+ calcd. for
(C25H21ClN4O4P)+ : 507.0989; found: 507.0995.

Compound 4i: 2-methyldiethoxyphosphoryl-14-(4-chloro)phenyl-4H-naphto
[2,1-b] pyrano[3,2-e] [1,2,4]triazolo[1,5-c]pyrimidine: white solid; mp 258 ◦C–259 ◦C;
IR (KBr, cm−1) ν: 1615 (C N), 1230 (P O), 995 (P–O–C); 1H NMR (300 MHz, CDCl3):
δ 1.51 (t, J = 8.2 Hz, 6H), 3.62 (d, JP–H = 25.1 Hz, 2H), 4.08–4.21 (m, 4H), 6.35 (s, 1H),
6.35–7.92 (m, 10Harom.), 9.09 (s, 1H); 13C NMR (75 MHz, CDCl3): δ 16.4 (d, JP–C = 6.9
Hz), 27.8 (d, JP–C = 161.5 Hz), 37.1, 62.7 (d, JP–C = 7.4 Hz), 102.9, 114.3, 117.6, 123.2,
125.3, 127.5, 128.4, 128.7, 129.7, 130.1, 130.7, 131.6, 133.1, 138.2, 141.0, 148.6, 153.2,
153.8, 162.6 (d, JP–C = 9.4 Hz); 31P (121 MHz, CDCl3): δ 22.0; HR-ES-MS [M + H]+

calcd. for (C27H25N4ClO4P)+: 535.1305; found: 535.1300.
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