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2,4-Dichloro-2H-chromene-3-carboxylates are formed in good yield in the condensation

of the appropriate precursors with SOCl2. These derivatives readily react with trialkyl

phosphites to produce 2-phosphonate derivatives of 4-chloro-2H -chromene-

3-carboxylates.
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Benzopyrans are an important group of naturally occurring compounds [1]. Chro-

mones and chromenes show various astonishing biological properties such as anti-

bacterial and antiviral [2], anti-inflammatory [3], anti-allergic [4]. On the other hand,

phosphonate derivatives also demonstrate many biological activities. For example

phosphonoformate has pronounced antiviral properties [5]. Previous work has shown

that phosphonic derivatives of benzopyrans exhibit antitumor activity. For example

dimethyl 1-(chromone-2-yl)-1-(dimethoxyphosphoryl)methanephosphoric acid es-

ter showed antineoplastic activity in vitro against Sarcoma L1210 in mice [6].

The pointed out biological significance of benzopyran derivatives and of phos-

phonates promoted continuation of our previous work on phosphonate system [6] and

to prepare novel phosphonate derivatives of chromenes, compounds which combine

benzopyran ring with phosphonate residue.

The chlorination of the cyclic ketones like pyran, xanthone and their thiohetero-

cyclic analogues with thionyl chloride and/or oxalyl chloride has been reported in the

formation of dichlorderivatives [7]. There are in fact many reports on chlorination re-

action of substituted chromones [8], isoflavones [9], and substituted flavones [10].

As far as examples of product resulting from the chlorination reaction of methyl

4-oxo-4H-chromene-2-carboxylate [11] and 4-oxo-4H-chromene-2-carboxylic acid

[12] are concerned, only geminal dichloroderivatives are known. Reaction of oxalyl

chloride with chromone and 3-deuterochromone appear not to have been studied in

great detail [13]. The identification of the products of halogenation reactions was

made on the basis of their
1
H NMR spectra only; the

13
C NMR spectroscopic method
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has not been applied [13]. On the basis of these spectra authors incorrectly suggested

the products of the halogenation reaction exhibit the geminal 4,4-dichloroderivatives

forms only.

The products of chlorination of chromones readily react with nucleophiles. The

most reactive electrophilic centres of pyran ring are C2 and C4 atoms. Attack of oxy-

gen nucleophiles (alcohols, water) [14] and carbon nucleophiles (carbanions) [15] ta-

kes place at C2 and C4, while nitrogen nucleophiles (amines [11] and hydroxylamine

[16]) attack exclusively at the carbon atom C4, yielding Schiff
,
s bases or oximes re-

spectively.

RESULTS AND DISCUSSION

The principal objective of the work reported here has been to investigate the chlo-

rination reaction of benzopyran derivatives and the synthesis of 2-dialkoxyphos-

phoryl-2H-chromene derivatives (Figure 1).

Modification of the benzopyran system involving the introduction of Cl atoms in

place of the hydrogen atoms have led to the preparation of a series of dichlorosubsti-

tuted of 2H-chromene that have interesting properties both in terms of their aromatic

character and their ability to react with nucleophiles e.g., phosphites.

Chromone 1a [17] and several esters of 4-oxo-4H-chromene-3-carboxylic acid

1b–e were synthesized and further chlorinated to form the corresponding dichlorde-

rivatives 2a–e. Dichloroderivatives of 2H-chromenes 2a–e have been synthesized

(Scheme 1) in the reaction of compounds 1b–ewith thionyl chloride or 1,1-dichloro-

dimethyl ether for 1a.

Chromone 1a reacts with 1,1-dichlorodimethyl ether (see Experimental) to pro-

duce 2a. The
1
H NMR spectrum of 2a is consistent with the reported

1
H NMR spec-

trum [13]. Treatment of 4-oxo-4H-chromene-3-carboxylic acid esters 1b–e with

thionyl chloride produced2b–e (Scheme 1). The 13C NMR spectra of 2a–e exhibit the

resonances at ca 90 ppm (see Experimental section) which are consistent with the te-

trahedral geometry of the C2 carbon atom in chlorotetrahydropyrans [18,19] rather

than trigonal geometry. A chemical shift of ca 130 ppm, typical for sp
2

hybridisation,

has been detected for the C2 atom in the
13

C NMR spectra of 2H-pyrans [19].
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Figure 1. Structure of alkyl 4-chloro-2H-chromene-2-dialkoxyphosphoryl-3-carboxylate derivatives 3.



Dichloroderivatives 2a–e are very unstable and reactive: e.g., they vigorously re-

act with water and alcohols producing chromone 1a [23] or appropriate esters 1b–e

respectively. The formed compounds chromone 1a, methyl 4-oxo-4H-chromene-3-

carboxylate 1b [24], ethyl ester 1c [22], propyl ester 1d, 2-chloroethyl ester 1e has

been fully characterized with
1
H NMR and IR spectroscopic data as well on the basis

of the results of microanalyses and melting points values.

The dichloroderivatives 2a–e readily react with trialkyl phosphites yielding mo-

nophosphonate compounds 3a–l (Scheme 2), easily identified on the basis of their
1
H

and
13

C NMR spectra. The compounds 3a–l are derivatives of esters of (4-chlo-

ro-2-dialkoxyphosphoryl)2H-chromene-3-carboxylic acid resulting from nucleophi-

lic attack of phosphites on carbon C2 of the pyrane ring, followed by Arbuzov type

reaction dealkylating of the intermediate with chloride anion. The C2 carbon atom of

3a–l produces resonance at � = ∼70–80 ppm which is consistent with a tetrahedral

geometry of C2 carbon atom in tetrahydropyrans [18,19]. The coupling constant JCP

∼160 Hz confirms the presence of C–P bond. The presence of resonances at � = ∼
5.50–6.00 ppm for CH2 in

1
H NMR spectra suggests the equatorial position of this

proton [25]. The
31

P NMR spectra recorded for the reaction mixture did not contain

resonances indicating formation of any other phosphonic derivatives, e.g. resulting

from an attack of phosphites on the carbon atom C4 of the pyrane ring.
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Crystal and molecular structures of dimethyl (4-chloro-2H-chromen-2-yl)phos-

phonate 3a and ethyl 4-chloro-2-(dimethoxyphosphoryl)2H-chromene-3-carboxyl-

ate 3b were determined in an X-ray diffraction study [26].

The results of the present study enable the formulation of a general route of the

phosphonylation reaction of 2,4-dichloroderivatives of 2H-chromenes (Scheme 2).

Methyl 4-chloro-2-(dimethoxyphosphoryl)-2H-chromene-3-carboxylate 3b in

reaction with hydrobromic acid gave only phosphonic acid 4, even excess of HBr did

not remove methyl group from carboxylic moiety (Scheme 3).

In conclusion the presented data have proven that the chlorination of chromone

1a and 4-oxo-4H-chromene-3-carboxylate 1b–e led to the formation 2,4-dichlorode-

rivatives type 2. It has to be pointed out that our findings are not in disagreement with

numerous studies [7] that have reported a formation of geminal dichlorderivatives

upon chlorination reactions of benzopyrane derivatives. The dichloroderivatives vi-

gorously react with phosphorus nucleophiles to yield 2-dialkoxyphospho-

ryl-2H-chromene derivatives.

This is of interest in view of the biological significance of chromones in general

and the antitumor activity of platinum(II) complexes of benzopyrans [27].

EXPERIMENTAL

Melting points are uncorrected. IR spectra were recorded on an ATI MATTSON Infinity Series spec-
trometer. EI and HRMS (EI) (70 eV) mass spectra were run on a FINNIGAN MAT 95 mass spectrometer.
1
H,

13
C and

31
P NMR spectra were recorded on a Varian Mercury (300 MHz) spectrometer in CDCl3 and

chemical shifts were reported in ppm downfield relative to TMS (internal standard) and 80% phosphorus

acid (external standard) in phosphorus spectra. Microanalyses were made on a Perkin Elmer 2400 CHNS

apparatus.

General procedure for the synthesis of esters of 4-oxo-4H-chromene-3-carboxylic acid 1 (d–e).

4-Oxo-4H-chromene-3-carbonyl chloride [22] (4.17 g, 20 mmol) was dissolved in dry benzene (20 ml).

The appropriate alcohol (20 mmol) in dry benzene (10 ml) was added dropwise with stirring. After the

exothermal reaction had been over, the solution was refluxed for an additional 0.5 h. The reaction mixture

was left at room temperature for 12 h. The solvent was removed under reduced pressure and the residue

was recrystallized from appropriate solvent.
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Propyl 4-oxo-4H-chromene-3-carboxylate (1d). Colourless crystals, m.p. 63–65�C, (diethyl et-

her), (65%); IR (KBr): 1743, 1643 cm
–1

;
1
H NMR (�): 8.67 (1H, s, CH 2), 8.30–7.30 (4Harom. m), 4.30 (2H,

t, CH2CH2CH3, J = 6.1 Hz), 1.77–1.81 (2H, m, CH2CH2CH3), 1.04 (3H, t, CH2CH2CH3, J = 7.6 Hz). Anal.

Calcd. for C13H12O4 (232.23): C, 67.2; H, 5.1. Found: C, 67.4; H, 5.5.

2-Chloroethyl 4-oxo-4H-chromene-3-carboxylate (1e). Colourless crystals, m.p. 87–89�C (aceto-

ne); (85%); IR (KBr): 1743, 1650 cm
–1

;
1
H NMR (�): 8.73 (1H, s, CH 2), 7.45–8.30 (4Harom. m), 4.58 (2H, t,

OCH2CH2Cl, J = 5.2 Hz), 3.83 (2H, t, OCH2CH2Cl, J = 5.2 Hz). Anal. Calcd. for C12H9ClO4 (252.65): C,

57.0; H, 3.5. Found: C, 57.5; H, 3.9.

General procedure for the synthesis of dichloroderivatives 2 (a–e). 2,4-Dichloro-2H-chromene

(2a) [20]. Colourless crystals, bp. 110–115�C/2 hPa, m.p. 115–118�C; IR (nujol): 1600, 1575, 1210, 1170

cm
–1

;
1
H NMR (�): 6.89–7.71 (4H arom. m), 7.12 (1H, d, CH 2,J2,3 = 4.5 Hz); 6.22 (1H, d, CH3, J3,2 = 4.5Hz);

13
C NMR (�): 149.38 (C8a), 131.84 (C4), 131.54 (C7), 124.75 (C5), 123.78 (C6), 119.52 (C4a), 119.22

(C3), 117.28 (C8), 89.88 (C2); EIMS m/z (%): 165 (100), 146 (12), 102 (10), 101 (10), 75 (6); MS EI HR:

Calcd. for C9H6ClO(M-Cl)
+
: 165.01030. Found:165.01072.

Chlorination of 4-oxo-4H-chromene-3-carboxylic acid esters 1(b–e). SOCl2 (30 ml), DMF (1–3

drops as catalyst) was added to the appropriate ester 1b–e and the mixture was refluxed for 8 h. The unre-

acted SOCl2 was removed at room temperature under reduced pressure. The residue was dissolved in pe-
troleum ether, filtered, and evaporated to dryness. The crude product (solid or oil) which was of sufficient

purity to be used as a reagent for further synthesis without purification.

Methyl 2,4-dichloro-2H-chromene-3-carboxylate (2b). Colourless crystals, m.p. 184–186�C

(benzene), (90%), IR (nujol): 1725, 1605, 1570, 1480, 760 cm
–1

.
1
H NMR (�): 7.00–7.94 (4H arom. .m), 6.80

(1H, s, CH2), 3.55 (3H, s, CH3);
13

C NMR (�): 162.82 (COOMe), 151.70 (C8a), 139.76 (C4), 132.36 (C7),

127.06 (C5), 122.66 (C6), 120.12 (C4a), 117.61 (C8 or C3), 116.60 (C3 or C8), 90.63 (C2), 51.89 (CO-

OCH3), EIMS m/z (%): 223 (100), 211 (16), 209 (41), 164 (9), 129 (6), 101 (8); MS EI HR: Calcd. for C11-

H8ClO3(M-Cl)
+
: 223.01620. Found: 223.01660.

Ethyl 2,4-dichloro-2H-chromene-3-carboxylate (2c). Colourless oil, IR (neat): 1727, 1605, 1571,

1479 cm
–1

,
1
H NMR (�): 7.13–7.92 (4Harom. m), 7.51 (1H, s, CH2), 4.37 (2H, q, CH 2CH3,J = 7.1 Hz), 1.41

(3H, t, CH2CH3, J = 7.1 Hz);
13

C NMR (�): 161.73 (COOCH2CH3), 150.29 (C8a), 138.88 (C4), 133.52

(C7), 127.09 (C5), 124.26 (C6), 120.73 (C4a), 118.80 (C8 or C3), 117.81 (C3 or C8), 89.08 (C2), 62.08

(COOCH2CH3), 14.41 (COOCH2CH3), EIMS m/z (%): 237 (100), 211 (14), 209 (44), 174 (13), 173 (37),

164 (11), 146 (40), 121 (20), 120 (59), 101 (8); MS EI HR: Calcd. for C12H10ClO3(M-Cl)
+
: 237.03185. Fo-

und: 237.03290.

Propyl 2,4-dichloro-2H-chromene-3-carboxylate (2d). Colourless oil, IR (nujol): 1728, 1606,

1572, 1479, 1457 cm
–1

;
1
H NMR (�): 7.13–7.92 (4Harom. m), 7.51 (1H, s, CH2), 4.30 (2H, t, CH2CH2CH3, J

= 6.7 Hz), 1.83–1.76 (2H, m, CH2CH2CH3, J = 6.7 Hz), 1.04 (3H, t, CH2CH2CH3, J = 6.7 Hz),
13

C NMR

(�): 161.83 (COOCH2CH2CH3), 150.29 (C8a), 138.85 (C4), 133.50 (C7), 127.07 (C5), 124.24 (C6),

120.43 (C4a), 118.22 (C8 or C3), 117.80 (C3 or C8), 89.03 (C2), 67.70 (COOCH2CH2CH3), 22.16, 10.80,

EIMS (m/z): 251 (100), 211 (20), 210 (7), 209 (61), 173 (14), 166 (5), 164 (15), 121 (9), 101 (10), 72 (12);

MS EI HR: Calcd. for C13H12ClO3(M-Cl)
+
: 251.04759. Found: 251.04760.

2-Chloroethyl 2,4-dichloro-2H-chromene-3-carboxylate (2e). Colourless oil, IR (neat): 1731,

1605, 1570, 1479, 1456 cm
–1

;
1
H NMR (�): 7.14–7.92 (4H arom. m), 7.51 (1H, s, CH 2), 4.57 (2H, t,

OCH2 CH2 Cl, J = 5.1 Hz), 3.81 (2H, t, OCH2 CH2 Cl, J = 5.1 Hz);
13

C NMR (�): 161.31

(COOCH2CH2CH3), 150.40 (C8a), 135.33 (C4), 133.86 (C7), 127.22 (C5), 124.32 (C6), 120.33 (C4a),

119.61 (C8 or C3), 117.89 (C3 or C8), 88.78 (C2), 65.26 (OCH2CH2Cl), 41.44 (OCH2CH2Cl), EIMS

(m/z): 271 (100), 217 (15), 209 (21), 173 (56), 146 (7), 121 (12); MS EI HR: Calcd. for

C12H9Cl2O3(M-Cl)
+
: 270.99288. Found: 270.99210.

General procedure for synthesis of phosphonic derivatives of 4-chloro-2H-chromene 3(a–l):

Dichloroderivative 2a–e (20 mmol) was dissolved in dry benzene (20 ml) and then cooled in the refrigera-

tor (10�C). To the cold solution the appropriate trialkyl phosphite (20 mmol) in dry benzene (5 ml) was ad-

ded dropwise. The reaction mixture was left at room temperature for 24 h, then evaporated to dryness and

kept at 4�C. Crude compounds 3a–c were crystallized or oily products purified with column chromatogra-

phy (silica gel; ethyl acetate).
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Dimethyl (4-chloro-2H-chromen-3-yl)phosphonate (3a). Light yellow crystals, m.p. 55–56�C

(diethyl ether), 90%; IR (KBr): 1220 (PO), 1030 (POC) cm
–1

;
1
H NMR (�): 6.78–7.46 (4Harom. m,), 5.93

(1H, dd, H2, J2,3 = 4.7 Hz, J = 2.7 Hz), 5.33 (1H, dd, H 3, J3,2 = 4.7 Hz, J = 9.9 Hz), 3.76, 3.77 (6H, 2d, J =

10.8 Hz, 2CH3);
13C NMR (�): 53.26, 53.90 (2d, JCP = 11.3 Hz, P(OCH3)2), 72.8 (d, J = 167.1 Hz, C2),

115.6 (C3), 115.71 (C8), 119.7 (C4a), 122.1 (C6), 124.7 (C5), 129.4 (d, J = 14.1 Hz, C4), 131.2 (C7),

153.2 (d, J = 5.6 Hz, C8a);
31

P NMR (�): 17.30. Anal. Calcd. for C11H12ClO4P (274.64): C, 50.8; H, 2.1.

Found: C, 50.9; H, 2.2.

Methyl 4-chloro-2-(dimethoxyphosphoryl)-2H-chromene-3-carboxylate (3b). Light yellow

crystals, m.p. 105–107�C (benzene), 92%; IR (KBr): 1730, 1475, 1270, 1040 cm
–1

;
1
H NMR (�):

6.71–7.92 (4Harom.m), 5.92 (1H, d, J = 12.0 Hz, H2), 3.88 (3H, s, COOCH3), 3.61, 3.69 (6H, 2d, J = 11.9

Hz, P(OCH3)2);
13

C NMR (�): 52.41 (COOCH3), 53.26, 53.90 (2d, J = 11.3 Hz, P(OCH3)2), 69.21 (d, J =

161.5 Hz, C2), 116.01 (C3), 116.91 (C8), 120.72 (C4a), 122.51 (C6), 127.06 (C5), 133.11 (C7), 136.36 (d,

J = 9.4 Hz, C4), 154.24 (C8a), 163.05 (d, J = 3.7 Hz, COOCH3),
31

P NMR (�): 18.75. Anal. Calcd for C13-

H14ClO6P (332.67): C, 47.1; H, 4.2. Found: C, 47.0; H, 4.1.

Methyl 4-chloro-2-(diethoxyphosphoryl)-2H-chromene-3-carboxylate (3c). Light yellow cry-

stals, m.p. 74–76�C (diethyl ether), 69%; IR (KBr): 1700, 1440, 1259, 1016 cm
–1

;
1
H NMR (�): 6.90–7.66

(4Harom.m), 5.84 (1H, d, J= 12.0 Hz, H2), 4.06–3.98 (4H, CH2, m), 3.98 (3H, COOCH3, s), 1.09–1.19 (6H,

m, P(OCH2CH 3)2);
13C NMR (�): 16.44, 16.53 (2d, J=3,15 Hz, P(OCH2CH3)2), 52.58 (COOCH3), 63.12,

63.25 (2d, J = 11.3 Hz, P(OCH2CH3)2), 72.77 (d, J = 162.61 Hz, C2), 116.08 (C3), 117.19 (C8), 120.98

(C4a), 122.43 (C6), 127.03 (C5), 133.00 (C7), 136.25 (d, J = 7.73 Hz, C4,), 154.34 (C8a),
31

P NMR (�):

16.39. Anal. Calcd. for C15H18ClO6P (360.73): C, 49.1; H, 4.9. Found: C, 49.0; H, 4.8.

Methyl 4-chloro-2-(diisopropylphosphoryl)-2H-chromene-3-carboxylate (3d). Light yellow

crystals, m.p. 110–112�C (ethyl acetate), 71%; IR (KBr): 1731, 1252, 1009 cm
–1

;
1
H NMR (�): 6.78–7.69

( 4Harom. m), 5.80 (1H, d, J = 12.0 Hz, H2), 4.58–4.73 (2H, m, CH(CH3)2), 3.88 (3H, s, COOCH 3), 1.13,

1.15 (12H, 2d, J= 6.1 Hz, CH(CH3)2),
31

P NMR (�): 13.90; EIMS m/z (%): 388 (2), 225 (31), 224 (11), 223

(100), 172 (3). Anal. Calcd. for C17H12ClO6P (388.78): C, 52.2; H, 5.7. Found: C, 52.4; H, 5.9.

Methyl 4-chloro-2-[bis(2-chloroethoxy)phosphoryl]-2H-chromene-3-carboxylate (3e). Light

yellow crystals, m.p. 77–79�C (acetone), 61%; IR (KBr): 1703, 1274, 1033 cm
–1

;
1
H NMR (�): 6.95–7.63

( 4Harom. m), 5.94 (1H, d, J = 12.0 Hz, H2), 4.29–3.91 (4H, m, OCH 2CH2Cl), 3.88 (3H, s, COOCH3),

3.55–3.44 (4H, m, OCH2CH2Cl );
13

C NMR (�): 42.68, 42.75 (2d, J = 6.0 Hz, POCH2CH2Cl), 52.81 (CO-

OCH3), 66.23, 66,35 (2d, J = 11.3 Hz, POCH2CH2Cl,), 72.53 (d, J = 162.6 Hz, C2,), 116.10 (C3), 116.39

(C8), 120.93 (C4a), 122.79 (C6), 127.30 (C5), 133.30 (C7), 137.15 (d, J = 8.0 Hz, C4,), 154.10 (C8a),

163.28 (d, J = 3.2 Hz, COOCH3),
31

P NMR (�): 17.56; EIMS m/z (%): 225 (32), 223 (100), 164 (3). Anal.

Calcd. for C15H16Cl3O6P (429.62): C, 41.9; H, 3.8. Found: C, 42.1; H, 3.9.

Methyl 2-(dibutoxyphosphoryl)-4-chloro-2H-chromene-3-carboxylate (3f). Light yellow crys-

tals, m.p. 74–76�C, (acetone), 69%; IR (KBr): 1727, 1606, 1265, 1023 cm
–1

;
1
H NMR (�): 6.90–7.67

(4Harom. m), 5.85 (1H, d, J = 12.7 Hz, H2), 3.76–4.11 (4H, m, P(OCH2CH2CH2CH3)2), 3.85 (3H, s,

COOCH3), 1.18–1.51(8H, m, POCH2CH2CH2CH3)2), 0.83–0.96 (6H, m, POCH2CH2CH2CH 3);
13

C NMR

(�): 13.84, 13.86, 18.83, 18.85, 32.66, 32.68, 52.61 (COOCH3), 66.86, 66.92 (2d, J = 12.0 Hz,

POCH2CH2CH2CH3), 72.85 (d, C2, J = 162.6 Hz), 116.14 (C3), 117.27 (C8), 121.10 (C4a), 122.41 (C6),

127.11 (C5), 133.00 (C7), 136.20 (C4), 154.47 (C8a), 163.57 COOCH3;
31

P NMR (�): 16.63; EIMS m/z

(%): 416 (1), 223 (100), 209 (3), 173 (2), 164 (2). Anal. Calcd. for C19H26ClO6P (416.8): C, 54.7; H, 6.3.

Found: C, 54.9; H, 6.6.

Ethyl 4-chloro-2-(dimethoxyphosphoryl)-2H-chromene-3-carboxylate (3g). Light yellow cry-

stals, m.p. 47–50�C (diethyl ether), 68%; IR (KBr): 1720, 1605, 1477, 1267, 1040 cm
–1

;
1
H NMR (�):

6.84–7.61 (4Harom. m), 5.81 (1H, d, J = 12.1 Hz, H2), 4.26 (2H, q, J = 7.1 Hz, COOCH2CH3), 3.47, 3.57

(6H, 2d, J = 10.5 Hz, P(OCH 3)2), 1.28 (3H, t, J = 7.1 Hz, COOCH2CH 3);
13

C NMR (�): 14.38 (CO-

OCH2CH3), 53.39, 53.59 (2d, J = 14.8 Hz, P(OCH3)2), 61.82 (COOCH2CH3), 72.50 (d, J = 161.5 Hz, C2),

116.01 (C3), 117.12 (C8), 120.87 (C4a), 122.50 (C6), 127.04 (C5), 132.15 (C7), 136.15 (d, J = 8.0 Hz,

C4), 154.12 (C8a), 162.84 (d, J = 3.2 Hz, COOCH2CH3);
31

P NMR (�): 18.63; EIMS (m/z): 346 (3), 239

(28), 237 (100), 211 (8), 209 (27), 165 (3), 164 (4), 129 (3), 101 (5). Anal. Calcd. for C14H16ClO6P

(346.70): C, 48.5; H, 4.7. Found: C, 48.8; H, 4.9.
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Ethyl 4-chloro-2-(diethoxyphosphoryl)-2H-chromene-3-carboxylate (3h). Colourless oil, 62%;

IR (neat): 1726, 1606, 1478, 1264, 1028 cm
–1

;
1
H NMR (�): 6.83–7.59 (4H arom. m), 5.77 (1H, d, J = 12.3

Hz, H2), 4.26 (2H, q,J = 7.1 Hz, COOCH2CH3), 3.73–4.03 (4H, m, P(OCH2CH3)2, 1.29 (3H, t, J = 7.1 Hz,

COOCH2CH3), 1.02–1.12 (6H, m, P(OCH2CH 3)2);
13C NMR (�): 14.43 (COOCH2CH3), 16.45, 16.52

(2d, J = 3.15 Hz, P(OCH2CH3)2), 61.81 (COOCH2CH3), 63.07, 63.17 (2d, J = 9.5 Hz, P(OCH2CH3)2),

61.82 (COOCH2CH3), 72.79 (d, J = 162.6 Hz, C2), 116.05 (C3), 117.51 (C8), 121.10 (C4a), 122.38 (C6),

126.99 (C5), 132.87 (C7), 135.85 (d,J = 7.7 Hz, C4,), 154.34 (C8a), 163.06 (d, J = 3.2 Hz, COOCH2CH3),
31

P NMR (�): 16.55; EIMS m/z (%): 374 (2), 239 (30), 238 (12), 237 (100), 211 (7), 209 (21), 165 (3), 164

(4), 129 (2), 101 (4). Anal. Calcd. for C16H20ClO6P (374.75): C, 51.3; H, 5.4. Found: C, 51.6; H, 5.4.

Ethyl 4-chloro-2-[bis(2-chloroethoxy)phosphoryl]-2H-chromene-3-carboxylate (3i). Light yel-

low oil, 45%; IR (neat): 1723, 1251, 1082 cm
–1

;
1
H NMR (�): 6.90–7.74 ( 4Harom. m), 5.96 (1H, d, J = 12.0

Hz, H2), 4.31 (4H, dd, P(OCH2CH2Cl)2, J = 5.6 Hz, J = 5.6 Hz), 3.88 (2H, t, J = 5.6 Hz, J = 7.1 Hz, CO-

OCH2CH3), 3.44 (4H, dd, J = 5.6 Hz, J= 5.6 Hz, P(OCH2CH2Cl)2, 1.37 ( 3H, t, J = 7.1 Hz, COOCH3);
13

C

NMR (�): 14.37 (COOCH2CH3), 42.52, 42.64 (2d, J = 6.0 Hz, POCH2CH2Cl), 62.00 (COOCH2CH3),

66.23, 66.35 (2d, J = 16.8 Hz, POCH2CH2Cl,), 72.60 (d, J = 162.6 Hz, C2,), 116.02 (C3), 116.67 (C8),

120.96 (C4a), 122.69 (C6), 127.16 (C5), 133.12 (C7), 136.63 (d, J = 8.0 Hz, C4), 154.02 (C8a), 162.75 (d,

J = 3.2 Hz,COOCH2CH3);
31

P NMR (�): 17.20; EIMS m/z (%): 239 (29), 237 (100), 211 (5), 209 (17), 165

(2), 164 (3). Anal. Calcd. for C16H18Cl3O6P (443.64): C, 43.3; H, 4.1. Found: C, 43.5; H, 4.1.

Propyl 4-chloro-2-(dimethoxyphosphoryl)-2H-chromene-3-carboxylate (3j). Light yellow oil,

56%; IR (neat): 1726, 1605, 1267, 1034 cm
–1

;
1
H NMR (�): 6.93–7.70 (4Harom. m), 5.89 (1H, d, J = 12.1

Hz, H2), 4.21–4.29 (2H, m, COOCH2CH2CH3), 3.56, 3.68 (6H, 2d, J = 10.7 Hz, P(OCH3)2), 1.71–1.80

(2H, m, COOCH2CH2CH 3); 1.02 (3H, t, J = 7.7 Hz, COOCH2CH2CH 3);
13

C NMR (�): 10.75

(COOCH2CH2CH3), 22.14 (COOCH2CH2CH3), 53.55, 53.56 (2d, J = 16.8 Hz, (P(OCH3)2), 67.49 (CO-

OCH2CH2CH3), 72.56 (d, J = 162.1 Hz, C2), 116.04 (C3), 117.19 (C8), 120.95 (C4a), 122.52 (C6), 127.06

(C5), 132.99 (C7), 137.12 (d, J = 8.0 Hz, C4), 154.16 (C8a), 163.03 (d, J = 3.2 Hz, COOCH3);
31

P NMR

(�): 16.55. Anal. Calcd. for C15H18ClO6P (360.73): C, 49.9; H, 4.9. Found: C, 50.2; H, 5.2.

Propyl 4-chloro-2-(diethoxyphosphoryl)-2H-chromene-3-carboxylate (3k). Light yellow oil,

51%; IR (neat): 1727, 1605, 1264, 1026 cm
–1

;
1
H NMR (�): 6.96–7.62 (4Harom. m), 5.85 (1H, d, J = 12.5

Hz, H2), 4.19–4.29 (2H, m, COOCH2CH2CH3), 3.79–4.11 (4H, m, P(OCH 2CH3)2), 1.73–1.83 (2H, m,

COOCH2CH2CH3), 1.10–1.26 (6H, m, P(OCH2CH3)2), 1.04 (3H, t, J = 7.3 Hz, COOCH2CH2CH3 );
13

C

NMR (�): 10.73 (COOCH2CH2CH3), 16.35, 16.42 (2d, J = 2.40 Hz, P(OCH 2CH3)2), 22.07 (CO-

OCH2CH2CH3), 63.08, 63.12, (2d, J = 12.0 Hz, P(OCH2CH3)2), 67.38 (COOCH2CH2CH3), 72.74 (d, J =

162.6 Hz, C2), 115.97 (C3), 117.47 (C8), 120.99 (C4a), 122.29 (C6), 126.88 (C5), 132.79 (C7), 135.70 (d,

J = 7.7 Hz, C4), 154.27 (C8a), 163.09 (d,J = 3.21Hz, COOCH2CH 2CH 3);
31

P NMR (�): 19.33. Anal. Cal-

cd. for C17H22ClO6P (388.78): C, 52.6; H, 5.6. Found: C, 52.4; H, 5.8.

2-Chloroethyl 4-chloro-2-[bis(2-chloroethoxy)phosphoryl]-2H-chromene-3-carboxylate (3l).

Light yellow crystals, m.p. 69–70�C (acetone), 51%; IR (KBr): 1739, 1210, 1026 cm
–1

;
1
H NMR (�):

6.90–7.75 (m, 4Harom.), 5.97 (1H, d, J = 12.0 Hz, H2), 4.48–4.59 (6H, m, COOCH 2CH2Cl,

P(OCH2CH2Cl)2), 3.72–3.78 (6H, m, COOCH2CH2Cl, P(OCH2CH2Cl)2);
31

P NMR (�): 17.10. Anal. Cal-
cd. for C16H17Cl4O6P (478.09): C, 40.2; H, 3.6. Found: C, 40.4; H, 3.8.

Methyl 4-chloro-2-dihydroxyphosphoroxy-2H-chromene-3-carboxylate (4) . Ester 3b 3.32 g

(0.01 mole) was dissolved in 20 ml of acetic acid and 5 ml of 40% HBr in acetic acid was added at room

temperature. After 24 hours acetic acid was removed under reduced pressure and oily residue

recrystallized twice from acetic acid. Obtained 1.12 g of compound 4 (37%). Colourless crystals, m.p.

198–201�C. IR (KBr): 3200–2750, 1678, 1620, 1608, 1476, 1294 cm
–1

;
1
H NMR (DMSO-d6) (�): 10.50

(2H, s, P(OH)2), 6.84–7.59 (m, 4Harom.), 5.54 (1H, d, J = 13.2 Hz, H2), 3.76 (3H, s, CH3);
31

P NMR

(DMSO-d6) (�): 14.96. Anal. Calcd. for C16H10ClO6P (304.67): C, 43.4; H, 3.3. Found: C, 43.6; H, 3.2.
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