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Polymethoxyaryl derivatives are widespread in 
nature; the corresponding fragments are part of the 
class of natural compounds like alkaloids, flavanoids, 
coumarins and others [1, 2]. Due to the presence of 
hydroxy and methoxy moieties these natural 
compounds exhibit antioxidant properties. In some 
cases, the antitumor activity of some arenopyrones and 
coumarin derivatives is attributed to the presence of 
such structural fragments [3]. 

Previously, the reaction of 2,2,2-trihalo-1,3,2-dioxa-
phospholes with terminal acetylenes has been shown to 
be one of the most convenient methods for the 
synthesis of areno-1,2-oxaphosphorine derivatives, 
which are P-analogs of natural chromenes and 
coumarins [4]. One of the features of this reaction is 
the migration of one of the halogen atoms from the 
phosphorus atom preferably to the sixth position of the 
aromatic ring of oxaphosphorines (para-position with 
respect to the endocyclic oxygen atom of the 
oxaphosphorine ring) [5]. In further studies it was 
shown that the nature of substituents (for example, 4-
nitro- and 4-metoxyphenylacetylenes) in the aromatic 
ring of arylacetylenes has no significant effect on the 
regiochemistry of halogenation of oxaphosphorine 
arylene moiety, but affects the reaction rate [6]. In the 
case of reacting trihalophospholes with arylacetylenes 

with donor substituents the reaction rate increased 
significantly. In addition, the presence of donor 
substituents in the position 4 of the aryl moiety of 
oxaphosphorine scaffold increases its resistance to 
hydrolysis [7]. 

In this work, the behavior of 2,2,2-trichlorobenzo-
1,3,2-dioxaphospholes 1 in the reactions with 3,4-
dimethoxy-2,3,4-trimetoxyphenylacetylenes 2a and 2b 
containing several donor substituents was studied with 
the aim to develop a convenient method for the 
synthesis of polymethoxylated areno-1,2-oxaphospholes. 
As in the case of the reaction of 2,2,2-trichlorobenzo-
1,3,2-dioxaphosphole with 4-metoxyphenylacetylene, 
arylacetylenes 2a and 2b containing donor methoxy 
groups in the aromatic ring reacted with 1,3,2-
dioxaphosphole 1 to afford the corresponding areno-
1,2-oxaphosphorine derivatives. In this case the halo-
genation of arenooxaphosphorine scaffold occurred 
regularly in the position 6 to form 4-[di(tri)methoxy-
phenyl]-2,6-dichlorobenzo[e]-1,2-oxaphosphorine 2-oxides, 
whose hydrolysis afforded phosphonic acids 3a and 3b 
(Scheme 1). 

The presence of a halogen atom in the 6 position of 
molecules 3a and 3b was unambiguously confirmed by 
1H and 13C NMR spectroscopy. Thus, in 1H NMR 
spectra of compounds 3a and 3b there were the signals 
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of H5–7 protons in the area of the signals of aromatic 
protons of benzo moiety fused with oxaphosphorine 
ring, which is typical for 1,2,4-trisubstituted benzenes. 
The presence of additional methoxy group in the 
position 10 of the molecule 3b led to an upfield shift of 
the protons H5–7 signals (compared with those signals 
in the spectrum of compound 3a). It should be noted 
that the most significant shift (Δδ = 0.68 ppm) was 
observed in the case of the signal of H5, which was 
apparently due to shielding this proton in compound 
3b owing to anisotropy of phenyl substituent in the 
position 4 of oxaphosphorine ring. This is possible 
only in the case of existence of atropisomers in 
compound 3b (due to hindered rotation around the          
C4–C9 bond, like ortho-substituted biphenyls [8]). In 
the case of compound 3a there are no obstacles to the 
free rotation around the C4–C9 bond, and an averaging 
effect of the magnetic anisotropy of the phenyl 
substituent occurs. As a result, the H5 proton resonates 
in the weaker field of the 1H NMR spectrum. 

2,2,2-trihalo-1,3,2-dioxaphospholes with methoxy-
phenylacetylenes can be used as a convenient approach 
towards the synthesis of 1,2-methoxylated arenooxa-
phosphorine 2-oxides, which are structurally related to 
the natural compounds. 

3,4-Dimethoxy- and 2,3,4-trimetoxyphenylacety-
lenes 2a and 2b were prepared by reacting the 
corresponding iodobenzenes with dimethylethynyl-
carbinol [9]. 

Compound 3a. To a solution of 0.76 g (3.1 mmol) 
of phosphorane 1 in 7 mL of CH2Cl2 were added       
0.4 mL (0.26 g, 3.1 mmol) of hex-1-ene and a solution 
of 0.5 g (3.1 mmol) of 3,4-dimetoxyphenylacetylene in 
2 mL CH2Cl2. After one day, the solvent and volatiles 
were removed in a vacuum (12 Torr). To the brown 
oily residue were added 7 mL of CH2Cl2 and 15 mL of 
water. After a few days, the resulting white precipitate 
was filtered off and dried. Yield 61%, mp 282°C. IR 
spectrum, ν, cm–1: 3053, 3003, 2952, 2908, 2836, 
2523, 2269, 1667, 1599, 1580, 1549, 1515, 1464, 
1416, 1325, 1286, 1245, 1219, 1180, 1142, 1112, 
1015, 932, 885, 852, 822, 802, 781, 767, 741, 648, 
602, 549, 470, 453, 420. 1H NMR spectrum, δ, ppm  
(J, Hz): 3.79 s (C11OCH3), 3.82 s (C12OCH3), 6.38 d 
(H3, 2JPH 17.6), 6.89 d.d (H14, 3JHH 8.5, 4JHH 2.0), 6.97 
d (H10, 4JHH 2.0), 7.06 d (H13, 3JHH 8.5), 7.15 d (H5, 
4JHH 2.5), 7.32 d (H8, 3JHH 8.5), 7.48 d.d (H7, 3JHH 8.5, 
4JHH 2.5). 13C NMR spectrum, δC, ppm (J, Hz) (13C–
{1H}): 150.53 m (d) (C4, 2JPC4 1.8), 150.38 m (d) (C8а, 
2JPC

8а 17.0, 3JHC
8а 11.0, 3JHC

8а 7.6, 2JHC
8а 3.7), 149.63 m 

(s) (C12), 148.94 m (s) (C11, 3JHC11 7.3, 3JHC11 3.7), 
130.60 d.d (s) (C7, 1JHC7 170.2, 3JHC7 6.6), 130.24 m 
(d) (C9, 3JPC9 18.3, 3JHC9 8.8, 3JHC9 6.6, 2JHC9 1.5), 
127.93 d.d (s) (C5, 1JHC5 165.1, 3JHC5 5.9), 127.16 d.d.d 
(s) (C6, 3JHC6 8.1, 2JHC6 4.7, 2JHC6 4.7), 123.95 m (d) 
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Scheme 1. 

In summary, the presence of several donor substi-
tuents in the aromatic ring does not prevent the 
reaction between arylacetylenes and areno-1,3,2-
dioxaphospholes derivatives to form oxaphosphorine 
scaffold. Basically 2,6-dichlorobenzo[e]-1,2-2-oxa-
phosphorine 2-oxides are formed. The reaction of 
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(C4а, 3JPC4а 15.4, 3JHC4а 8.1, 3JHC4а 6.6), 121.41 d.d (d) 
(C8, 1JHC8 167.3, 3JPC8 7.0), 120.99 d.d (d) (C14, 1JHC14 
162.1, 3JHC14 6.6), 116.62 d.d (d) (C3, 1JPC3 168.7, 
1JHC3 163.6), 112.15 d.d (s) (C10, 1JHC10 158.5, 3JHC10 
7.3), 111.75 d (s) (C13, 1JHC13 161.4), 55.76 q (s) 
(C12OCH3, 1JHC 144.5), 55.70 q (s) (C11OCH3, 1JHC 
144.5). 31P NMR spectrum: δP 4.80 ppm (d, 1JPH 17.6 Hz). 
Found, %: C 53.87; H 4.64; Cl 9.75; P 8.12. C16H14· 
ClO5P. Calculated, %: C 54.48; H 4.0; Cl 10.05; P 
8.78. 

Compound 3b was obtained similarly from 0.64 g 
(2.6 mmol) of phosphorane 1, 0.33 mL (0.22 g,                 
2.6 mmol) of hex-1-ene, and 0.5 g (2.6 mmol) of 2,3,4-
trimethoxyphenylacetylene 2b. Yield 57%, mp 219°C. 
IR spectrum, ν, cm–1: 3435, 3058, 2980, 2944, 2840, 
2524, 2267, 1595, 1547, 1494, 1466, 1436, 1413, 
1340, 1296, 1254, 1230, 1203, 1171, 1156, 1121, 
1100, 1041, 1011, 975, 933, 908, 882, 851, 828, 795, 
751, 736, 687, 673, 660, 646, 614, 570, 539, 522, 459, 
420. 1H NMR spectrum, δ, ppm (J, Hz): 3.60 s 
(C11OCH3), 3.78 s (C10OCH3), 3.85 s (C12OCH3), 6.31 
d (H3, 2JPH 17.6), 6.83 d (H5, 4JHH 2.5), 6.91 d (H13, 
3JHH 8.5), 6.93 d.d (H14, 3JHH 8.5), 7.28 d (H8, 3JHH 
8.5), 7.45 m (H7, 3JHH 8.5, 4JHH 2.5, 5JPH 1.0). 13C 
NMR spectrum, δC, ppm (J, Hz): 154.45 m (s) (C12, 
3JHC 12 11.0, 2JHC 12 3.9), 150.51 m (s) (C10, 3JHC10 6.6, 
2JHC10 3.7), 149.57 m (d) (C8а, 2JPC8a 17.0, 2JHC8a 3.7), 
148.12 m (d) (C4, 2JPC4 1.8), 141.68 m (s) (C11, 3JHC11 
8.8, 3JHC11 4.4), 130.37 d.d (s) (C7, 1JHC7 170.2, 3JHC7 
5.9), 127.51 d.d (s) (C5, 1JHC5 165.1, 3JHC5 5.1), 127.04 
d.d.d (s) (C6, 3JHC6 11.7, 2JHC6 3.6–3.8, 2JHC6 3.7), 
124.40 d (s) (C14, 1JHC14 162.9), 124.38 m (d) (C9, 3JPC9 
18.7, 3JHC9 5.9, 3JHC9 5.9, 2JHC9 2.2), 124.08 m (d) (C4а, 
3JPC4a 16.1, 3JHC4a 8.0, 3JHC4a 8.0, 2JHC4a 5.1), 121.06 
d.d (d) (C8, 1JHC8 167.3, 3JPC8 6.6), 118.07 d.d (d) (C3, 
1JPC3 165.8, 1JHC3 164.3), 108.30 d (s) (C13, 1JHC13 
162.9), 61.05 q (s) (C12OCH3, 1JHC 145.3), 60.64 q (s) 
(C10OCH3, 1JHC 145.3), 56.07 q (s) (C11OCH3, 1JHC 
145.3). 31P NMR spectrum: δP 4.10 ppm (d, 1JPH      
17.6 Hz). Found, %: C 52.67; H 4.89; Cl 9.02; P 7.70. 

C17H16ClO6P. Calculated, %: C 53.35; H 4.21; Cl 9.26; 
P 8.09. 

NMR spectra were recorded on an Avance-400 
spectrometer [400.0 (1H), 162.0 (31P), 100.6 MHz 
(13C)] using as internal reference the signals of residual 
proton or carbon nuclei of DMSO-d6 or HMDS (1H 
and 13C) or external reference H3PO4 (31P). IR spectra 
were obtained on a Bruker-Tenzor 27 instrument from 
KBr pellets.  
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