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Abstract: The reaction of dimethyl 2-methyl- and dimethyl 2-phenyl-4-ox0-4H-chromen-3-yl-phosphonate with
various aliphatic and aromatic amines was investigated. A novel class of cyclic phosphonic analogues of
chromone, 1 (2-methoxy-3-[1-(alkylamino)ethylidene or benzylidene]-2,3-dihydro-2,4-dioxo-2)’-benzo[e]-
-[1,2]oxaphosphinane), was obtained when primary amines were used as nucleophiles. An analogous reaction

with aromatic or secondary amines led to the hydrolysis of one methyl ester group in the phosphonic acid
residue. © 1999 Elsevier Science Ltd. All rights reserved.

Keywords: Phosphonic analogues of chromone, nucleophilic substitution of chromone

Chromone derivatives 2 are known for their interesting biological and chemical properties [1-8]. They serve as
therapeutics in treatment of the blood circulatory system and in asthma diseases as well as in liver cell
regeneration. The most investigated chemical property of chromones is their reaction with nitrogen nucleophiles
[9-11]. In this process (Scheme 1) chromones are transformed efficiently into enamine-type compounds 3

V- e Y . Loe 144
1

exhibiting a typical lemon-yellow colour. The reaction is of amalytical significance and thus it is applied in

qualitative and quantitative assessment of primary and secondary aliphatic and aromatic amines [12-14].
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X, Y = alkyl (R), COOH, COOR, CN, CHO
R', R*=H or alkyl

Scheme 1.
Since the discovery of compounds possessing a C-P bond in sea anemones, Methridium sensile [15,16], an
examination of the biological and chemical properties of phosphonate derivatives became of interest to many
laboratories [17-19]. Incorporation of a C-P bond into the chromone backbone offers a new class of compounds
of potential biclogical importance. In our previous work we described the synthesis of dimethyl 2-methyl- and
dimethyl 2-phenyl-4-oxo-4H-chromen-3-yl-phosphonates 4a and 4b, respectively [20]. Here, we present our

study on the reaction of 4a and 4b with primary and secondary amines.

RESULTS
At first we investigated the reaction of dimethyl 2-methyl-4-oxo-4H-chromen-3-yl-phosphonate 4a with
ammonia and various primary amines (RNH,, where R = methyi, ethyi, benzyl, 2-hydroxyethyl, isopropyi,
morpholinyl, Scheme 2). The reaction was carried out at room temperature in anhydrous methanol. In each case
a colourless crystalline compound showing a sharp melting temperature (Table 1) was obtained in high yield
(75-90%) as a sole product. This was a rather unexpected result, since so far all the products of analogous
reactions performed on the chromone system have yielded lemon-yellow crystalline enamines of general formula
3. Analysis of "H and *'P NMR spectra, as well as IR spectra and MS data, presented in Table 1, indicates that

P ~L

the compounds obtained are cyclic phosphonic analogues of chromone of a

a general struc
-[1-(alkylamino)ethylidene]-2,3dihydro-2,4-dioxo-2)’-benzo[e][ 1,2]oxaphosphinane) are cyclic phosphonic
analogues of chromone. This structure is confirmed by the chemical shift of phosphorus in the 3P NMR spectra,
where the value of the resonance signal at 21-22 ppm indicates the pres
ring system. In the 'H NMR spectra we can see only one methyl ester group bound to the phosphonic acid
residue. A series of IR spectra performed in chloroform for derivatives 1 various concentrations (1 mM to

1000 mM) confirm the presence of a strong intramolecular hydrogen bond exhibiting a bro

3450 cm’'. From the negative result of the test reaction with FeCl; we excluded the presence of a free phenol

group in the structure.
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Scheme 2
As expected, an analogous reaction of dimethyl 2-phenyl-4-oxo-4H-chromen-3-yl-phosphonate 4b with

methylamine gave a colourless crystalline product 1h (2-methoxy-3-[1-(methylamine)benzylidene]-2,3-dihydro-

-2,4-dioxo-2A°-benzo[e][ 1,2]oxaphosphinane) in 82 % yield.

'H NMR? 8§ {(ppm)
Compound R m.p.[°C] 3'p NMR/ P-OMe N-H CH; MS’ IR’
8 (ppm) (e (Hz)) wz | (cm’)
la R'=CH; |H 170-172 21.8 3.75; (12.0) 12.20 2.55 253 3430
b R'=CH; | CH; 163-165 21.4 3.70; (12.0) 13.20 3.10 268 3370
lc R'=CH, | CH,CH, 134-135 218 3.70; (12.0) 13.30 2.60 281 3420
{ 1d R'=CH; | CH.Ph 130-132 217 3.77;, (12.0) 13.90 2.60 343 3420
le R'=CH; | CH,CH;OH 165-167 23.0 3.55; (11.0) 13.67 2.50 297 3320
If R'=CH, | CH(CH.), 92-94 21.6 3.70; (12.0) 13.40 2.57 295 3370
lg R'=CH, 144-146 206 3.80; (12.0) 14,15 2,75 334 3420
—~ %
s
lh R'=Ph | CH; 169-170 19.5 33; (12.0) 13.50 - 328 3440

~—— P pRgr | q Qs e cmm Toine TR LN

i. :apectm were done in CDCI;. Vnospnonc acid was used as an external standard. 2. Specira were recorded on Varian EM-360 in
CDCl;. TMS was used as mtemal standard. 3. EI, 70 eV, 4. Spectra were carried out in chloroform with the concentration of 1 from
1 to 1000 mM.

Table 1. Characteristics of cyclic phosphonic anaiogues of chromone 1.

Compounds 1 are unstable in alkaline solutions. Derivatives 1a-g were transformed easily into one common
compound 5 ( 2-methoxy—3-[1-(hydroxy)ethylidene]-2,3-dihydro-2,4—dioxo-23\s-benzolej[1,2]oxaphosphinane),

M. Ny ﬂ

of molecular weignt £ pe 1 ¢
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chromone backbone in aqueous conditions, however in the presence of water substitution of an alkylamino
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group by a hydroxyl group at the ethylidene carbon 3' occurs. This structure provides the presence of a strong

intramolecular hvdro
0

When aromatic (aniline or 2-aminopiridine) or secondary amines (dimethylamine, dipropylamine, piperidine and
morpholine) were used as nucleophilic agents in the reaction with 4a, colourless crystalline compounds with

non- ham mehmg temner es, soluble in water, were obtained.

il=aiial B 1IRCA Y LaS e T atur

According to the stoichiometrv of t
\ccording to oft

4 izt AN 4

we were able to isolate salts 6 or 7, when equimolar or six-fold excess of amine over 4a, respectively, was used
(Scheme 3 ). The formation of methylated salts in the first step of the reaction was confirmed by the presence of

N-Me protons in the 'H NMR sp spectra of isolated salts 6. Acidification of salts 6 or 7 with 5 % H,S0O, vielded

phosphonic acid derivative 8 (Scheme 3).
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Scheme 3
DISCUSSION
As it is emphasised by manv authors the carbon C-2 of the chromone is a target for the primary nucleonhilic
AS 1L 1S emphasised 0y many autnors the caroon of the chramone 1S a target 1or the prunary nucicop

attack of the amine [21-26]. This reaction results in enamine-type compounds of general formula 3. However,
nucleophilic substitution of dimethyl 2-methyl- and dimethyl 2-phenyl-4-oxo0-4H-chromen-3-yl-phosphonate 4a
and 4b wi
propose the following reaction pathway for this reaction (Scheme 4): after nucleophilic attack of the amine on
chromone carbon C-2, there is an opening of the benzo-y-pyrone ring and subsequent conformational
tion on the phosphorus atom by

yclization which is a result of nu



B. Elzbieta, P. Stawomir / Tetrahedron 55 (1999) 48154824 4819

the phenol group. Despite conducting the reaction at lower temperatures (-20°C) it was not possibie to isolate
any intermediate product.
i ,(T’i:i\‘
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Scheme 4

An analogous reaction of 4a with less basic aromatic or secondary amines (pKa 7-9) does not lead to the
opening of the benzo-y-pyrone ring, instead amines react exclusively with the ester group of the phosphonic
acid giving ammonium salts of methyl-4-oxo-4H-chromen-3-yl-phosphonate. Such transfer of a methyl ester
group from phosphonic esters to amines has been exhaustibly described in many studies [27,28] and has been a
subject of many patents [29-31].

Cyclic phosphonic analogues of chromone of general formula 1 are a new class of chromone derivatives. The
only product of similar structure known up to now is 2H-3,4-dihydro-6,8-dihydroxy-3-methyi-2-dimethylo-
amino-2,4-dioxo-1,2-benzoxaphosphorinane obtained by Hill et al. [32] in the reaction of B-ketophosphamido-
1-(2’,3’,5’-trimethoxy-phenyl)-2-(bis-dimethylaminophosphono)-propanone with boron tribromide in dichloro-
-methane. Due to the lack of information of biological properties of such derivatives cyclic phosphonic

analogues of chromone 1 as well 6 and 7 are the subject of intensive biological screening.

The reaction of dimethyl 2-methyl- and dimethyl 2-phenyl-4-oxo-4H-chromen-3-yl-phosphonate with various

aliphatic and aromatic amines was investigated. When strong primary amines (pKa 3-5) were used as

nucleophilic agents a novel class of cyclic phosphonic analogues of chromone of general formula 1
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(2-methoxy-3-[1-(alkylamino)ethylidene or benzylidene]-2, 3-dlhydro-2,4-dioxo-2l5-b¢nm[cl[ 1,2]oxaphos-

phinanc)s was obtained. An analo ogous reaction perform with aramat

10 N
a2 ARSiL rv.;vn;nlvu YViux GIULILAULV U

carnnda aminag 1ad s~ ¢l
SULUIL lucu_v alluIey iLd ic

hydrolysis of one methyl ester group in the phosphonic acid residue resulting in a phosphonic acid monoester.

Biological and pharmacological investigations of the derivatives obtained are in progress.
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. The melting points were determined using an Electrothermal 1A9100 apparatus and they are

uncorrected. The IR spectra were recorded on a Pey-Unicam 200G Spectromether in KBr. The 'H NMR spectra

P o P,
oenera

were registered at 60 MHz on a Varian EM-360 spectrophotomer. *'P NMR spectra were recorded on a
Brucker AC 200F spectrometer operating at
compounds absorbing at lower fields than phosphoric acid. The MS data was obtained on a LKB 2091
spectrophotometer (70 ¢V ionization energy).

Timathul ”,mnf‘-nr‘,ﬁ,n a A shraman 2 vl.nh nnata da and Ai
Ululbw]‘ LTIV 'y TYTUAUTTL ‘-UulUlll\‘ll-J-JI-Pllvayllum‘-\l Ta i

-phosphonate 4b were prepared according to the described procedure [20] .

'NTM
Nromen-s- PO LG Favs

methanol (0.5 mL) was added. The mixture was left overnight at room temperature, and then cooled to -10 C.
The solvent was removed in vacuo and crude product 1 was purified by crystallization. Colourless products 1

wvere obtained with 75-90 % yields. The properties of compounds 1 are listed in Table 1. 1a {Found C, 52.4;

A2 S Y Javates. Ao = QL

H, 4.6, P, 12.3; N, 5.6. C;;H;;NO,P requires C, 52.18; H, 4.38; P, 12.23; N, 5.53 %), 1b[Found: C, 53.8; H, 5.5;
P, 11.3; N, 5.1. C;;H;sNOP requires C, 53.94; H, 5.28; P, 11.59; N, 5.24 %], 1c[Found: C, 55.4; H, 5.6; P,
11.0; N, 4.8 C,;H;NO,P requires C, 55.52; H, 5.73; P, 11.01; N, 4.98 %], 1d[Found: C, 63.0; H, 5.2, P, 9.0; N,
3.8. C1sH;gNOGP requires 62.97; H, 5.28; P, 9.02; N, 4..08 %], le[Found: C, 52.6; H, 5.3; P, 10.5; N, 4.4.
CysHyNOSP requires C, 52.53; H, 5.43; P, 10.42; N, 4.71 %], 1ffFound: C, 56.8; H, 6.3; P, 10.3; N, 4.7.

CyeHsNOP requires C, 56.95; H, 6.14; P, 10.49; N, 4.74 %), 1g[Found: C, 53.0; H, 5.5; P, 9.2; N, 83.

-
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I1. Synthesis of 2-methoxy-3-[1-(hydroxy)ethylidene]-2, 3-dihydro-2,4-dioxo-22’-benzofe]| 1

2 3-dihvdro-2. 4 ') loxo-
H v i L 4r& s
phosphinane 5
To the aqueous solution of potassium carbonate (5 %, 30 mL), was added suitable compound 1 (0.75 mmol).

The suspension was heated for 1 h at 85-90°C until clear yellow solution was obtained. The reaction mixture

l1r\ 7

was cooled to 0° C and aqueous solution of sulphuric acid (10 %, 10 mL) was added in two parts. Precipitation
started after few minutes. The crude solid was filtered off, dried, and crystallized with petrol-ether, to give

2-methoxy-3-[1-( hydroxy)ethylidcnc}-zg—d,ihydr&z,4-di@x9—2?p5—bcn,zo[c][I,Z]C_)xa— phosphinane 5 (42 - 45 %)

- - -

as a white solid, m.p. 95-97°C, [Found: C, 52.1; H, 4.6; P, 12.0. C,;H,,0sP (254.18) requires C, 51.98;
H, 4.36; P, 12.19%]; vmx(KBr) 1040(P-O -C), 1275 (P=0), 1400, 1545 (C=C), 2800-3400 (OH); 8p (CDCl;)
7 d

14 5: 84 (CDC l 1R.10(s. I1H OH rhean 1
192, VH A\~ AV 9y 4.

A3 ) 2O,

3
=)

AAEy \SALA NBLIG ix

2.60(s, 3H, CHs); m/z 254 (M, 42.0), 240(8.6), 239(100), 212(7.1), 207(6.5), 170(25), 139(7.7), 134(44),
121(13), 119(5.8), 105(7.5), 92(7.0), 77(24), 75(5.1).

III. Reaction of dimethyl 2-methyl-4-oxo-4H-chromen-3-yl-phosphonate (4a) with secondary aliphatic amines
and aromatic amine.

I11.1. Methylaminopyridinium methy! 2-methyl- 4-oxo-4H-chromen-3-yl-phosphonate (6b)

To compound 4a (0.27g, 1 mmol) in methanol (0.20 mL) was added 2-aminopyridine (0.1g, 1.07 mmol). The
reaction mixture was refluxed for 2.5 h. The reaction progress was monitored by TLC. After substrate
disappearance methanol (0.5 mL) and charcoal were added to the reaction mixture and it was refluxed for
10 min and then worked-up. After separation of charcoal the solvent was removed in vacuo. The crude product
was purified by crystallization (acetone) to give the methylaminopyridinium methyl 2-methyl- 4-oxo0-4H-
-chromen-3-yl-phosphonate 6b (0.24g, 66%) as a white solid m.p.176-178 °C; [Found: C, 56.2; H, 4.9; N, 7.8,
P, 8.9. C;7;H;sN,OsP (362.32) requires C, 56.35; H, 5.3; N, 7.73; P,8.55%]; Vmux(KBr) 1040 (P-O-C), 1230
(P=0), 1460, 1540 (C=C), 1625 (C=0), & (CDCl) 11.7; 84 (CDClz) 9.90 (s, 2H, NH broad disap. in D;0),
6.50-8.30 (m, 8H, aromat.), 4.40 (s, 3H, N-CH3), 3.60 (d, 3H, *Jpy= 12 Hz, POCH3), 2.90 (d, 3H, *Jpu = 2 Hz,

CHs).

I11.2. Trimethylammonium methyl 2-methyl-4-oxo-4H-chromen-3-yl-phosphonate (6c¢)

T A rncA an

To compound 4a (0.54 g, 2 mmol) in methanol (0.5

T\ ine addad NNOC WA arlidinm ~
2l ) Wad Udcu V.UZ0 ivli SOUIULIVILI L

'—l

(2 mmol) in methanol (0.21 mL). The reaction mixture was left at room temperature for 90 h. Then, the solvent
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was evaporated under reduced pressure. The crude product was purified by crystallization (acetone / methanol,

4/ 1) to give mmethylamm_ nium methvl 7-mf‘fhv]-4-n¥n-4H—(‘hrnmen-?-vl nhnenhanate G m 21g 34 9%

\ ac a

=L2 2 = .J-.vw!l‘l ARIE ARG WIS la, I\Il 8O O

white solid, m.p. 229-231°C; [Found: C, 57.2; H, 6.7; N, 4.8; P, 9.7. C,,H,,NOsP (313.28)  requires C, 57.50;
H, 6.44; N, 4.47; P, 9.87%]; vie(KBr) 1070 (P-O-C), 1215 (P=0), 1460, 1545 (C=C), 1615 (C=0), 2800-3550
(P-O", NH); & (DMSO-dg) 11.1; &; (D,0) 7.10-8.15 (m, 4H, aromat ), 3.73 (d, 3H 31 =12Hz. POCH,). 3.35

, 1¥11), Op (LJIVIOU H ALY L.AV-0.10 (I, 4, arematl. ), 3.7/3 (G, 301, Jpiy T1dnZ, 1 X3 ), I

(s, 9H, NCH;), 2.90 (d, 3H, “Jpiy=2 Hz, CH;).

1.3, Anilinium mpthvl ?—mﬁhvl—4-nrn-4H.rhrnmpn- ?-v/-nnvnhnnntp ( 7n\

Aniline (0.55 mL, 6 mmol) was added to compound 4a (0.27g, 1 mmol). The mixture was left for 20 days at
room temperature (TLC monitoring). Then, an excess of aniline was evaporated under reduced pressure. The
yellow solid was crystallized (ethyl ether /methanol, 5/1) to give aniliniom methyl 2-methyl-4-ox0-4H-
chromen-3-yl-posphonate  7a (0.19g, 55%) as a white solid, m.p. 102-104°C; [Found: C, 58.9; H, 5.0; N, 3.8;
P, 8.7. C;7H sNOsP (347.29) requires C 58.79; H, 5.22; N, 4.03; P, 8.92 %]; Vi KBr) 1040 (P-O-C), 1210
(P=0), 1470, 1540 (C=C), 1620 (C=0), 2400-3100(P-O"), 3400, 3510(NH); 8p (DMSO-d¢) 12.0; 3y (DMSO-de)
6.60-8.30 (m, 9H, aromat.), 5.93 (s, 3H, NH, disap. in D,0), 3.70 (d, 3H, *Jpi = 12 Hz, POCH3), 2.93 (d, 3H
*Jou=2 Hz CH3).

[1.4. Dimethylammonium methyl 2-methyi-4-oxo-4H-chromen-3-yl-phosphonate (Tc

The remaining solid after rection IIL.2 was recrystallized with a mixture of ethyl ether, acetone and methanol
(15/15/1). The title product Te (0.31g, 52 %) as a white solid, was obtained; m.p. 67-68°C; [Found: C, 56.6; H,
6.3; N,45; P 10.2. C;3H ;gNOSP (299.25) requires C, 56.19; H, 6.06; N, 4.68; P, 10.35%]; vy {(KBr)
(P-O-C), 1210 (P=0), 1460, 1540(C=C), 1625 (C=0), 2700-3550 (P-O", NH); 8p (DMSO-d¢) 11.0; 3y (CDCl;)
9.70 (s, 2H, broad, disap. in D,0), 7.15-8.20 (m, 4H, aromat.), 3.55 (d, 3H, 3Jp =12 Hz, POCHs), 2.85 (d, 3H,

1.5. Dipropylammonium methyl 2—methyl—4-oxa—4H-chromen-3-yl-phosphonate (7d)

N ] mI ) divvranvwlamina /6 mmal
V.J mi i J VARV Y LGLIRLIIW \V 1LV,

o
)
l\)

To the compound 2
reaction mixture was left at room temperature for 45 min. The solvent and excess of the amine were removed

in vacuo. Then 5.0 mL of ethyl ether was added to the yellow oil and after cooling the obtained yellow solid

wrmc filtarad nff and wae ranrvetallizad with sthul ether/acetone (1 /l\ The title nrndum‘ 7d (0.23g, ﬁioﬁ‘\ as a
Was fiitereqg o1 anG was relrystanized wita giny: ener/aceione L &/ 0quc! (U.2>5g

white solid was obtained; m.p. 84-87°C; [Found: C, 61.1; H, 7.2; N, 4.2; P, 8.4. C,;H,NO;P (355.37) requires
C, 60.83: H, 7.37; N, 3.94; P, 8.71 %]; Vma(KBr) 1060(P-0-C), 1210 (P=0), 1460,1540 (C=C), 1620 (C=0),

0.5: &, (CDCL) 9 80 (5. 2H NH broad disan in D, ('“ 7.20-8.30 (m 4”

ety U[—{ \\.41.1\/13, F.0V \Py Ldiy AVAL VIVGNM, MG 4 PUALS L B LT
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1.6 Piperidinium methyl 2-methyl-4-oxo-4H- chromen~3-yl-pkosnhong_te (7e)

refluxed at 50°C for 30 min. The solvent and excess of amine were removed in vacuo. The obtained yellow

e

m
solid was crystallized with diethyl ether / acetone (1/1) mixture and piperidinium methy! 2-methyl-4-oxo-4H-

= I iy

1%) as a white soiid was obtained; m.p.121-124 °C; {Found: C, 56 4;
1, P, 8.9. C,¢H;NOsP (339. 33) requires C, 56.43; H, 6.54; N, 4.13; P, 9.13%]; v,(KBr) 1055
45 1645(C=0), 2700-3550 (P-O°, NH); &p (CDCl;) 8.90; 3y (C

W= WV £ anilsh Op (A3 F, O

—
5
A
Nl
ot
[ -
(=]
et B
g
é
)
P
QN
=
(o
Ul
N

a7 ‘.;1"
J.

el

\
3y -

8.50 (s, 3H, NH, broad, cusap in DZO), 7.20-8.30 (m, 4H, aromat.), 3.57 (d,3H, “Jpy
, 1.7

5 (m, 6H, CHy).

)

<

= 12 Hz, POCH3), 3.2

1.7 Morpholinium methyl 2-methyl-4-oxo-4H-chromen-3-yl-phosphonate (7f)

To compound 4a (0.27g, 1 mmol) morpholine (6 mmol, 0.52 mL) was added. The reaction mixture was left at
room temperature for 50 hours (TLC monitoring). After cooling the brownish oil precipitation was obtained.
The crude product was crystallized with ethyl ether/methanol (20/3) and morpholinium methyl 2-methyl-4-oxo-
4H-chromen-3-yl-phosphonate 7f (0.25g ,73 %) as a white solid was obtained; m.p. 167-169°C; [Found:
C,53.0.H,6.1; N, 43; P, 8.8. C;sH,uNOGP (341.30) requires C, 52.78; H, 5.91; N, 4.10; P, 9.07%]; & (CDCl;)
6.3; 8 (CDClL) 10.15 s,2H, NH, broad, disap. in D,0), 7.25-8.35 (m, 4H, aromat.), 4.05 (m, 4H, OCH,),
3.57(d, 3H, *Jpy = 12 Hz, POCH}), 3.40 (m, 4H, NCH,), 2.90 (d, 3H, “Jpu= 2 Hz, CH;).

IV. Synthesis of methyl ester (2-methyl- 4-oxo-4H-chromen-3-yl)-phosphonic acid (8)

To the solution of corresponding compounds 6 or 7 (1 mmol) in water (10.0 mL) 5% solution of H,SO, (2 mL)
was added dropwise. The mixture was stirred at room temperature for 30 min.. After cooling the reaction
mixture was filltered off. The crude product 8 was recrystallized from the mixture of ethyl ether/ methanol

W WAN

was obtained; m.p. 149-151°C; [Found: C, 51.9; H, 4.6; P, 11.8. C;1H;;OsP (254.18) requires C, 51.98; H, 4.36;
P. 12.19%1: 1050 (P-O-C), 1260 (P=Q), 1465, 1545 (C=C), 1645 (C=0), & (CDCl;) 14.2;

Py 70}, ‘V’mxkl\ur) LUJYV (IS, LAVV (L )y, 27U, e Ja AN Tw VP A\ 23
84 (CDCl3) 10.70 (s, 1H, POH, disap. in D,0), 7.35-8.40 (m, 4H, aromat.), 3.85 (d, 3H, *Jpu = 12 Hz POCH3),
2.90 (d,3H, “Jey = 2 Hz, CHy); m/z254 (M", 100), 239(18), 224(10), 223(15), 222(40), 174(16), 173 (18),

1&O(OTY 121/(44Y 10K Q31 I A6) '7'7('1‘7\ 76 10)

IUU\ /7 ), LA IV, LLV JU), /J\ll),/ LTV ), PR 1AV ).
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