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AMINO-ACID DERIVATIVES OF 3-PHENOXYCHROMONES
M. M. Garazd,! Ya. L. Garazd;? and V. P. Khily& UDC 547.814.5

Peptide-chemistry methods have produced various amino-acid conjugates of 3-phenoxychromones in which
7-hydroxychromone is bound to the amino acid by the C- or N-terminus.
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Flavonoids are a large and structurally unique group of compounds that is widely distributed in nature. They occur
in varying quantities in almost all higher plants and are exceedingly rare in microorganisms and insectSorrcaddtural
flavonoids, derivatives in which a phenyl substituent is bound to the chromone ring through an O atom are sometimes
encountered. Such compounds are called phenoxychromones. The commonest phenoxychromone in nature is capillarisin,
which was isolated from extracts Aftemisia capillarisHerba [1]. At present, about ten compounds based on the 2-
phenoxychromone moiety have been isolated from natural sources. The Bhytsyofhiza asperawhich are widely used in
Chinese folk medicine, yielded glyasperin E, the only 3-phenoxychromone isolated from a natural source [2].

Flavonoids undergo various biochemical transformations and participate in several physiological processes owing to
their high biological activity that is due to the presence of several pharmacophores. Therefore, our goal was to modify 3-
phenoxychromone derivatives by addition to them of amino acids.

The amino-acid derivatives of 3-phenoxychromones were synthesized by two methods. The first is based on formation
of an ester of the amino acids and phenolic compounds. In our opinion, a more suitable and convenient synthesis of 7-O-
aminoacylchromones is the reaction of 7-hydroxychromones and symmetric anhydrides of N-substituted amino acids because
the reaction occurs under mild conditions and has no side reactions [3, 4].

The symmetric anhydrides of N-substituted amino acids are prepared by reaction of dicyclohexylcarbodiimide (DCC)
with two equivalents of an N-substituted amino acid in absolute THF@t Orhe amino group is blocked using-a
butyloxycarbonyl (Boc) protecting group. 7-Hydroxy-3-phenoxychrombn2sand3 were acylated with symmetric anhydrides
(BocNHCHRCO) O in absolute THF in the presence of catalytic amounts of 4-dimethylaminopybdiAe®) at low
temperature (O C). The products were N-substitutecam®oacyl-3-phenoxychromondés?7, the molecules of which include
glycine @-6), L-alanine 7-9), L-valine (L0-12), L-leucine (L3-15), L-isoleucine 16, 17), L-methionine {8-20), L-proline @1,

22), L-phenylalanine43, 24), L-tyrosine @5, 26), and L-tryptophane2(7).
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TABLE 1. Physicochemical Constants of N-Substituted 7-O-aminoacyl-3-phenoxychrofr@nes

PMR spectrum, CDGI §, ppm
Com{ Empirical | Yield] mp, Chromone protons Phenoxyl protons
pound  formula 1%  “C 1, o 15| 61, 21| 3H| 4H| 5H 6-H 7-O-Amino-acid protons
8-H, d
S d dd m m m| m m
4 C,oHyNO, 82 146 8.02 831 7.00 7.08 7.30 7.20 7.20 7.20 7.30 Boc NH, CH
(H) 1.48;5.14; 4.19
5 CyH,sNO; 89 135 243 8.24 6.95 7.00 7.30 7.15 7.15 7.15 7.30 Boc NH, CH
(Me) 1.48;5.15; 4.19
6 CyHyFaNO;, 74 121 - 822 695 7.00 7.30 7.20 7.20 7.20 7.30 Boc NH ,CH
(CRs) 1.49; 5.08; 4.22
7 C,3H,sNO;, 86 151 8.02 8.30 7.02 7.08 7.30 7.20 7.20 7.20 7.30 Boc NH CH CH
(H) 1.49; 5.06; 4.55; 158
8 CyyH,eNO; 81 146 243 8.26 697 7.06 730 7.15 7.15 7.15 7.30 Boc NH CH CH
(Me) 1.48; 5.08; 4.55; 158
9 CyH,FNO; 79 132 - 821 6.98 7.08 7.30 7.20 7.20 7.20 7.30 Boc NH CH3CH
(CR) 1.48; 5.04; 4.54; 157
10 CyH,NO, 81 132 8.02 828 7.02 7.08 7.35 7.20 7.20 7.20 7.35 Boc NH CH CH 3 {CH)
(H) 1.48; 5.05; 4.47; 2.32; 1.11; 1.05
11 CygHgNO; 79 126 243 826 695 7.01 7.30 7.20 7.20 7.20 7.30 Boc NH CH CH 3 {CH)
(Me) 1.48; 5.08; 4.47; 2.32; 1.13; 1.06
12 CygHoeFNO, 72 118 - 823 698 7.01 7.30 7.20 7.20 7.20 7.30 Boc NH CH CH 4{GH)
(CR) 1.49; 5.07; 4.43; 2.31; 1.12; 1.07
13 CyHoNO; 85 136 8.02 8.29 7.02 7.08 7.35 7.20 7.20 7.20 7.35 Boc NH CH CH CH;{CH)
(H) 1.47; 4.96; 4.54; 1.78; 1.78; 1.02
14 C,;H3NO;, 78 122 243 826 695 7.01 7.30 7.20 7.20 7.20 7.30 Boc NH CH CH CH3; {CH)
(Me) 1.47; 4.96; 4.54; 1.78; 1.78; 1.02
15 CyHoFNO;, 73 109 - 823 6.95 7.02 7.30 7.20 7.20 7.20 7.30 Boc NH CH,CH CH 4gH)
(CR) 1.48; 4.98; 4.54; 1.77; 1.77, 1.03
16 CygHyNO, 75 125 8.49 822 7.05 7.09 7.30 7.20 7.20 720 7.30 Boc NH CH CH(CH)CH CH*
(H) 1.36; 6.57; 4.36; 2.10; 1.10; 1.66; 0.99
17 Cy/HogFaNO, 71 106 - 8.22 6.95 7.02 7.30 7.20 7.20 7.20 7.30 Boc NH CH CHj3CH)CHj; CH
(CR) 1.47; 5.05; 4.48; 2.05; 1.05; 1.35; 1.05
18 CysH,NO,S 86 139 8.03 828 7.00 7.09 7.30 7.20 7.20 7.20 7.30 Boc NH CHH CH CHs$ CH
(H) 1.48; 5.21; 4.66; 2.68; 2.27; 2.15
19 CygH,NO,S 81 131 245 824 695 7.01 730 7.20 7.20 7.20 7.30 Boc NH CH CH CH$ CH
(Me) 1.48; 5.28; 4.66; 2.67; 2.26; 2.15
20 CyeHogFaNO,S 79 123 - 822 695 7.02 7.30 7.20 7.20 7.20 7.30 Boc NH CH,CH,CH S; CH
(CR) 1.48; 5.24; 4.68; 2.68; 2.28; 2.16
21 CyH,NO; 72 85 243 8.23 6.90 7.00 7.30 7.20 7.20 7.20 7.30 Boc N CH, CH CH CHCOO
(Me) 1.48; 3.59; 1.62.3; 4.51
22 CyH,FNO; 75 69 - 8.23 696 7.02 7.30 7.20 7.20 7.20 7.30 Boc N,CH ,CH,CH CHCOO
(CR) 1.48; 3.59; 1.62.3; 4.55
23 CyH,NO;, 88 164 8.01 828 7.00 7.10 7.30 7.20 7.20 7.20 7.30 Boc NH CH CH Ph
(H) 1.46; 5.08; 4.80; 3.24;7.35
24 CggHoeFNO;, 86 153 - 819 7.01 7.11 7.30 7.20 7.20 7.20 7.30 Boc NH CH,CH Ph
(CR) 1.45; 5.07; 4.80; 3.23; 7.33
25 CgHgeNO;q 74 179 8.02 8.27 7.00 7.10 7.30 7.20 7.20 7.20 7.30 Boc NH CH CH (4-BogOC H)
1.46; 5.06; 4.79; 3.23; 1.57; 7.22
26 CgsHgfFaNO, 71 160 - 818 7.00 7.10 7.30 7.20 7.20 7.20 7.30 Boc NH CH,CH (4-BgcQC H)
(CR) 1.47; 5.11; 4.75; 3.22;1.57; 7.25
27 CzyHgNLO, 72 172 8.00 821 690 6.99 7.30 7.20 7.20 7.20 7.30 Boc NH Ch CH Indol NH

(H)

1.46; 5.15; 4.82; 3.44; ~17.6; 8.29
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TABLE 2. Physicochemical Properties of 7-O-Aminoacyl-3-phenoxychromone Hydrochl@dds

PMR spectrumg, ppm, DMSO-¢
Com-| Empirical | Yieldl mp]  Chromone protons Phenoxyl protons
o | o
poung  formula o 2R, | 5-H,| 61| 8H| 2-H| 3-H| 4H| 5H| 6H 7-O-Amino-acid protons
s d dd d m m m m m
28 C;;HiCINOs 85 229 8.77 819 7.41 7.68 7.30 7.00 7.00 7.00 7.30 LIH N CH
(H) 8.90; 4.14
29 CyigHiCINOs 91 216 2.39 810 7.25 7.45 7.20 7.00 7.00 7.00 7.20 LIH DM CH
(Me) 8.95; 4.12
30 CygH FCINOg 79 195 - 815 7.45 7.82 7.30 7.15 7.15 7.15 7.30 Gl H N,CH
(CFs3) 8.85; 4.16
31 CyjgHCINOs 88 212 8.78 820 7.44 7.76 7.30 7.00 7.00 7.00 7.30 LIHNCH CH
(H) 8.91; 4.43; 1.62
32 CyjHCINOs 87 205 2.39 810 7.25 7.45 7.20 7.00 7.00 7.00 7.20 LIHNCH CH
(Me) 8.99; 4.43; 1.61
33 CiH;FCINOg 83 192 - 818 7.49 7.88 7.30 7.15 7.15 7.15 7.30 Gl H N CHLCH
(CFs3) 8.91; 4.42; 1.63
34  CyH,CINOs 86 209 8.79 8.18 7.44 7.78 7.30 7.10 7.10 7.10 7.30 LIHNCHCH (CH)
(H) 9.00; 4.18; 2.39; 1.14
35 CyH,CINOs 88 201 240 810 7.25 7.45 7.20 7.00 7.00 7.00 7.20 LIHNCHCH (CH)
(Me) 8.98;4.17;2.41; 1.14
36 CyH;fCINOs 76 196 - 818 7.50 7.93 7.30 7.15 7.15 7.15 7.30 GIHNCHCH4GH )
(CRs) 9.04; 4.15; 2.37; 1.14
37 CyHyCINOs; 85 198 877 8.18 7.43 7.75 7.30 7.05 7.05 7.05 7.30 {LIHNCHKHCH CH§CH)
(H) 8.96; 4.25; 2.13; 1.51; 1.09
38 CpH,CINOs 79 189 2.39 808 7.25 7.46 7.20 7.00 7.00 7.00 7.20 LIHNCHCH CH(CH)
(Me) 8.98; 4.24; 2.00; 1.59; 1.05
39 CyH,FLCINOs 83 192 - 819 750 7.93 7.30 7.15 7.15 7.15 7.30 GIHNCH,CH CH{GH)
(CFs3) 9.04; 4.26; 1.90; 1.90; 1.00
40 CyH,CINOs 82 196 8.78 8.18 7.47 7.79 7.30 7.05 7.05 7.05 7.30 {IHNCHCH (CH,) CH CH
(H) 8.98; 4.22; 2.08; 1.03; 1.35; 1.03
41 CyH,FLCINOs 86 189 - 816 7.48 7.89 7.30 7.15 7.15 7.15 7.30 GIH N CH CH4CH ),CH3;CH
(CR) 8.92; 4.24; 2.05; 1.05; 1.35; 1.05
42 CyH,CINOS 76 218 8.78 820 7.46 7.79 7.30 7.05 7.05 7.05 7.30 sCIHNCHCH CH 3SCH
(H) 9.00; 4.46; 2.76; 2.34; 2.11
43 CyH,CINOsS 70 209 2.38 809 7.25 7.45 7.20 7.00 7.00 7.00 7.20 sCIHNCHCH CH 3SCH
(Me) 9.05; 4.47; 2.76; 2.32; 2.12
44 CyH;FLINOs 78 206 - 810 7.45 7.65 7.30 7.10 7.10 7.10 7.30 GIHNCH,CH,CH SCH
S (CR) 8.90; 4.46; 2.74; 2.34; 2.12
45 79 215 233 784 6.95 7.02 730 705 705 7.05 730 LIHNCH CH CH CHCOO
C,1H2oCINOS (Me) 9.10; 3.18; 1.91; 1.91; 4.22
46 81 206 - 8.10 745 768 7.30 710 710 7.10 7.30 GIHNXLH,CH,CH CHCOO
C,1H17FCINOs (CR) 9.00; 3.19; 1.95; 1.95; 4.28
47 90 226 2.39 808 7.25 746 720 7.00 7.00 7.00 7.20 £LIHNCHCH Ph
48 86 208 - 819 7.42 762 730 7.10 710 7.10 7.30 Gl H N CH,CH Ph
49 88 206 8.76 8.15 7.32 745 730 7.10 7.10 7.10 730 LIHNCHCH (4HQCH)
CpaH2CINOg (H) 9.00; 4.46; 3.25; 9.55; 7.20; 6.79
50 79 200 - 8.13 738 764 730 7.10 710 7.10 7.30 GIH N CH,CH (4-4JOLC H)
CysH1FCINOg (CR) 8.98; 4.49; 3.35; 9.49; 7.20; 6.76
51 62 229 876 808 732 764 730 7.10 710 7.10 7.30 £IH NCH CH Indol NH
C,7H,4CINOg (H) 9.06; 4.50; 3.37; 7.0-7.4; 11.19
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TABLE 3. Physicochemical Properties of N-(3-Phenoxychromonyl-7-hydroxyacetyl)amino Acid Deri&3ives

PMR spectrum§, ppm
Com-| Empirical | Yield mp, Chromone protons Phenoxyl protons
poung  formula | % | “Cf, o Y5 n]6-n] 7-och cd, s, 2-f, 3-#h, a-dh, s-h, 6o Amino-acid protons
S d| ad S dl mf m| m m n

58 CyH,NO,; 73 118 2.37 7.98 7.12 4.76 7.297.186.98 6.98 6.98 7.18 8.63 » CH COO GCH CH
(Me) 3.91; 4.13;1.19

59 CyHiNO; 69 106 7.99 8.23 6.95 4.62 7.007.307.06 7.06 7.06 7.30 7.32 CH (CQOCH ) CH
(H) 4.70; 3.79; 1.49

60 Cy3H,sNO; 66 95 7.99 8.23 6.95 4.64 7.007.307.06 7.06 7.06 7.30 7.32 CH (CQOCH ) GH,(CH )
(H) 4.68; 3.77;2.23;0.95

61 CyH,eNO; 64 89 7.98 8.20 6.95 4.62 7.027.307.05 7.05 7.057.30 7.34 CH (CQOCH )CH GH(CH)
H) 4.68; 3.75; 1.64; 1.64; 0.95

62 CysH,NO; 61 81 2.41 8.16 6.90 4.61 6.957.30 7.00 7.00 7.00 7.30 7.32 CH (CQOCH )CH GH (CH)
(Me) 4.69; 3.75; 1.65; 1.65; 0.93

63 CyH,eNO; 59 86 7.98 8.23 6.95 4.63 7.007.307.05 7.05 7.057.30 7.36 CH (CQOCH ) GH (CKH )GH CH
(H) 4.68; 3.76;1.98; 0.96; 1.35; 0.93

64 Cy3H,aNO,S 62 123 7.99 8.23 6.95 4.64 7.007.307.05 7.05 7.057.30 7.36 CH (CQOCH )GH CH S CH
(H) 4.86; 3.78;2.52; 2.18; 2.08

65 CyyH,sNO,S 68 113 2.41 8.17 6.92 4.63 6.97 7.30 7.00 7.00 7.007.30 7.32 CH (CQOCH )GH CH S CH
(Me) 4.82; 3.78;2.52; 2.18; 2.08

66 CyyH,aNO,; 69 126 7.98 8.20 6.90 4.58 7.007.307.00 7.00 7.00 7.30 7.35 CH (CQOCH,) CH Ph
(H) 5.07; 3.76; 3.16; 7.28

67 Cy/H,gNOg 75 132 8.65 7.98 7.00 4.71 7.057.307.00 7.00 7.007.30 856 CH (CQOCH,) CH (&4-HOC H)
(H) 4.94; 3.63;2.93;9.24; 7.00; 6.66

68 Cy3H,sNO; 61 145 2.36 7.96 6.95 4.88 7.007.30 7.00 7.00 7.00 7.30 8.35 CH (COOH) GH,(CH )
(Me) 4.78; 12.5;1.85;0.97

69 CyyH,sNO; 66 131 2.35 7.96 6.95 4.67 7.007.307.00 7.00 7.00 7.30 8.22 » CH Chl CH COOH
(Me) 3.18;1.68; 2.17; 12.10

70 CygHoNO, 62 136 2.35 7.98 6.95 4.66 7.007.307.00 7.00 7.007.30 820 , Chl CH CH CH CH COOH
(Me) 3.13;1.2-1.8; 2.18; 12.00

Solvent: DMSO-¢ - 58, 6770, CDCl; - 59-66.

The PMR spectra of the synthesized compouh#g contain signals for the chromone ring, the amino acid moiety,
and the protecting group. A strong 9H singlet for the protons of the Boc group appears at 1.4-1.5 ppm. The signal ef the amid
appears at 5.0-5.2 ppm (using CRCI solvent) or 6.5-6.7 ppm (acegione-d ). The physicochemical properties and PMR data for
the N-substituted 7-O-aminoacyl-3-phenoxychromah2g are given in Table 1.

Hydrochlorides of 7-O-aminoacyl-3-phenoxychromo8$1 were prepared via acidolysis of the corresponding Boc-
derivatives by 3 M dry HCI in glacial acetic acid. The PMR specte8-6fL contain signals of the chromone and the amino-
acid moieties. However, in contrast with the spectra of the starting Boc-derivatives, signals of the protecting groupi.are abse
A signal for the protonated amino group near 9 ppm is observed instead of the amide signals. The physicochemical constants
and PMR data of the hydrochlorides of 7-O-aminoacyl-3-phenoxychror@8qskare given in Table 2.

The second method for amino-acid modification of 3-phenoxychromones is based on activated esters. This method
is widely used in peptide synthesis [5]. Alkylation of 7-hydroxy-3-phenoxychromioard?2 by ethylchloroacetate in acetone
in the presence of potash produces 7-ethoxycarbonylmethoxy-3-phenoxychr&anes3. Acidolysis of the ester group
in these compounds by a mixture of glacial acetic and conc. H SO gives the correspondifg a@citsb. The carboxyl
group is activated using N-hydroxysuccinimide esters, which are highly reactive and do not give racemized products [6]. The
N-hydroxysuccinimide esters of 7-carboxymethoxy-3-phenoxychromghasd57 were prepared in high yields by the reaction
of the corresponding acidg! and55 with N-hydroxysuccinimide (SUOH) in absolute dioxane using DCC as the condensing
agent [7, 8]. The PMR spectra of the activated eS&end57 contain a 4H singlet at 2.9 ppm that is characteristic of the
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succinimide.

Condensation of activated est&fand57 with alkyl esters of the corresponding amino acids (H NCER@IK) in
absolute THF at® C forms the amino-acid derivath®§7. The ethyl esters of glycine (to gis8) and methyl esters of L-
alanine §9), L-valine ©60), L-leucine 61, 62), L-isoleucine §3), L-methionine §4, 65), L-phenylalanine§6), and L-tyrosine
(67) were used. The PMR spectrd8f67 contain signals of the amino acid, chromone ring, and amide bond in the range 7.3-
7.4 ppm (in CDCJ ) or 8.5-8.6 ppm (DMSGsd ).

o]
HO o R Mo o Ri
| /@ CICH,COOEt, kcog ~ EtO |
o] - OPh
o] o]
1:R1=H;2: Ry = Me 52: R; =H;53: R; =Me
o) lAcOH, HySOy
o o]
N )]\/O o_ R )J\/o o) R1
No | DCC, SuOH HO I
o) -
OPh OPh
o o]
56: Ry =H; 57: Ry =Me 54:Ry = H, 55: Ry = Me
HoNCHRCOOAIK 1. HHNCHRCOONa
2. H"
R O R O
o] R HO R
0 | o H |
OPh OPh
58 - 67 O 68 - 70 o}

Reaction of activated estgf with sodium salts of amino acids{H NCHRONa) in THF—H, O at room temperature
followed by acidolysis gives amino-acid derivatives of 7-carboxymethoxy-2-methyl-3-phenoxychr6fidfevith a free
carboxyl group. Derivatives of L-valiné§), L-phenylalanine9), andy-aminobutyric acidsq0) were obtained. The PMR
spectra 068-70 in DMSO-d cotiain signals of the chromone, amino acid, and amide bond at 8.2-8.4 ppm and the carboxyl
group at 12-13 ppm. The physicochemical constants and PMR data of the amino-acid derivatives of 7-carboxymethoxy-3-
phenoxychromones8-70 are given in Table 3.

EXPERIMENTAL

The course of reactions and purity of products were monitored by TLC on Silufol UV-254 plates using CHgl —CH OH
mixtures (9:1 and 95:5) as eluent. PMR spectra were measured on a Varian VXR-300 in pMSO-d , gcetone-d ,zand CDCI
(TMS internal standard). Elemental analyses of all compounds corresponded to those calculated.

Starting 7-hydroxy-3-phenoxychromonke8 were prepared according to the literature methods [9, 10].

N-Substituted 7-O-Aminoacyl-3-phenoxychromones 4-27A solution of the appropriate N-Boc-amino acid (9 mmol)
in absolute THF (50 mL) was cooled fo 0 C, stirred vigorously, and treated with DCC (0.92 g, 4.5 mmol). The reaction mixture
was cooled for 1 h, treated with the corresponding 7-hydroxychromp8edr 3, 4 mmol) and DMAP (20 mg), and stirred
and cooled (0 C) for 0.5-1 h (completion of the reaction was determined by TLC). The precipitated dicyclohexylurea was filtered
off. The solvent was removed under vacuum. The oil was dissolved in ethylacetate (50 mL) and tresdsiedy in a
separatory funnel with NaHCO solution (5%, 2x50 mL), water (50 mL), and saturated NaCl solution (50 mL). The organic
layer was dried over anhydrous MgSO . The solvent was removed under vacuum. The solid was crystallized from propan-2-ol.
Yields and constants df27 appear in Table 1.
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Hydrochlorides of 7-O-Aminoacyl-3-phenoxychromones 28-51. A cooled solution of 7-O-(N-Boc-
aminoacyl)chromone}{27, 2 mmol) in absolute THF (5 mL) was treated with a cooléd (0 C) solution (3 M, 10 mL) of dry HCI
in glacial acetic acid. The reaction mixture was stirred for 0.5-1 h (completion of the reaction was determined by TddC), treat
with absolute ether (100 mL), and held &t 0 C for 1 h. The precipitate was filtered off and dried under vacuum over NaOH.
Yields and constants of obtained hydrochlorig@$1 appear in Table 2.

7-Ethoxycarbonylmethoxy-3-phenoxychromones 52 and 53 hot solution of 7-hydroxychromoné 6r 2, 50 mmol)
in absolute acetone (100 mL) was stirred vigorously, treated with freshly calcined potash (20.7 g, 150 mmol) and
ethylchloroacetate (5.9 mL, 55 mmol), held at 50-60 C with vigorous stirring for 3-4 h (completion of the reaction was
determined by TLC), cooled, transferred into ice water (500 mL), and acidified until the pH was 5-6. The precipitate was
filtered off and crystallized from propan-2-ol (75%).

7-Ethoxycarbonylmethoxy-3-phenoxychromone 52C; 4H; O, yield 88%, mp 175 C. PMR spectrum (300 MHz,
CDClg, 8, ppm, J/Hz): 1.32 (3H, t, CH ), 4.30 (2H, g, €H ), 4.73 (2H, s, OOECCH 0-7), 6.87 (1H, dd, J = 2.0, 8.0, H-6), 7.00
(1H, d, J = 2.0, H-8), 7.05 (2H, m, H-2 and H-6 of phenoxyl), 7.27 (3H, m, H-3, H-4, and H-5 of phenoxyl), 7.96 (1H, s, H-2),
8.18 (1H, d, J = 8.0, H-5).

7-Ethoxycarbonylmethoxy-2-methyl-3-phenoxychromone 53C,,H,¢O0¢, vield 87%, mp 164 C. PMR spectrum [300
MHz, (CD3),CO,6, ppm, J/Hz]: 1.28 (3H, t, C§l of ethoxycarbonyl), 2.38 (3H, sgCH -2), 4.25 (2H, ¢, CH ), 4.93 (2H, s,
OOCCH, 0-7), 6.95 (1H, dd, J = 2.0, 8.0, H-6), 7.05 (1H, d, J = 2.0, H-8), 7.15 (2H, m, H-2 and H-6 of phenoxyl), 7.30 (3H,
m, H-3, H-4, and H-5 of phenoxyl), 8.01 (1H, d, J = 8.0, H-5).

7-Carboxymethoxy-3-phenoxychromones 54 and 55A mixture of esteb2 or 53 (40 mmol), glacial acetic acid
(30 mL), and conc. 5 SP (10 mL) was held at 60-80 C for 2-3 h (completion of the reaction was determined by TLC), cooled,
and transferred into ice water (300 mL). The precipitate was filtered off and crystallized from aqueous propan-2-ol.

7-Carboxymethoxy-3-phenoxychromone 54C;,H,,0g, yield 85%, mp 28 C. PMR spectrum (300 MHz, DMSO-d ,
3, ppm, J/Hz): 4.90 (2H, s, OOCGH 0-7), 6.95 (1H, dd, J = 2.0, 8.0, H-6), 7.00 (2H, m, H-2 and H-6 of phenoxyl), 7.05 (1H,
d, J = 2.0, H-8), 7.40 (3H, m, H-3, H-4, and H-5 of phenoxyl), 8.01 (1H, d, J = 8.0, H-5), 8.64 (1H, s, H-2), 13.0 (1H,)s, COOH

7-Carboxymethoxy-2-methyl-3-phenoxychromone 55C;gH, ,Og, Vield 92%, mp 204 C. PMR spectrum (300 MHz,
DMSO-d;,8, ppm, J/Hz): 2.36 (3H, s, GH -2), 4.88 (2H, s, OOGCH 0-7), 6.95 (1H, dd, J = 2.0, 8.0, H-6), 7.05 (1H, d, J = 2.0,
H-8), 7.10 (2H, m, H-2 and H-6 of phenoxyl), 7.30 (3H, m, H-3, H-4, and H-5 of phenoxyl), 7.95 (1H, d, J = 8.0, H-5), 13.0 (1H,
s, COOH).

N-Hydroxysuccinimide Esters of 7-Carboxymethoxy-3-phenoxychromones 56 and 5A cooled solution 054 or
55 (20 mmol) and N-hydroxysuccinimide (2.54 g, 22 mmol) in absolute dioxane (50 mL) was treated with DCC (4.12 g,
20 mmol) and held for 1-2 h with vigorous stirring @t 0 C (completion of the reaction was determined by TLC). The precipitate
of dicyclohexylurea was filtered off. The solvent was removed under vacuum. The oil was crystallized from propan-2-ol.

N-Hydroxysuccinimide ester of 7-carboxymethoxy-3-phenoxychromone 5€&,,H;/NOg, yield 79%, mp 159 C.

PMR spectrum (300 MHz, CDEI, ppm, J/Hz): 2.88 (4H, s, GH GH of N-hydroxysuccinimide), 5.09 (2H, s, OOCCH O-7),
6.87 (1H, dd, J = 2.0, 8.0, H-6), 7.00 (1H, d, J = 2.0, H-8), 7.05 (2H, m, H-2 and H-6 of phenoxyl), 7.26 (3H, m, H-3, H-4, and
H-5 of phenoxyl), 7.98 (1H, s, H-2), 8.22 (1H, d, J = 8.0, H-5).

N-Hydroxysuccinimide ester of 7-carboxymethoxy-2-methyl-3-phenoxychromone 5T,,H;,NQOg, yield 74%, mp
148 C. PMR spectrum (300 MHz, CDG3,,ppm, J/Hz): 2.36 (3H, s, GH -2), 2.85 (4H, s,£LH L£H of N-hydroxysuccinimide),
5.04 (2H, s, OOCCH O-7), 6.95 (1H, dd, J = 2.0, 8.0, H-6), 7.03 (1H, d, J = 2.0, H-8), 7.10 (2H, m, H-2 and H-6 of phenoxyl),
7.30 (3H, m, H-3, H-4, and H-5 of phenoxyl), 8.01 (1H, d, J = 8.0, H-5).

Esters of N-(7-Carbonylmethoxy-3-phenoxychromone)-amino Acids 58-67A suspension of the corresponding
alkylamino-acid hydrochloride (3.5 mmoal) in absolute THF (20 mL) was vigorously stirred and coofed to 0 C, treated dropwise
with triethylamine (0.42 mL, 3.5 mmol), and vigorously stirred for 30 min. The precipitate of triethylamine hydrochloride was
filtered off. The filtrate was treated with activated eStor 57 (3 mmol) in absolute THF (10 mL), vigorously stirred for 2
h at 0 C, and held at room temperature for 10-12 h. The solvent was removed under vacuum. The solid was dissolved in
ethylacetate (50 mL) and treated in a separatory funnel successivelywith H SO (1 N, 50 mL), water (50 mL); NaHCO solution
(5%, 50 mL), water (30 mL), and saturated NaCl solution (50 mL). The organic layer was dried over anhydroys MgSO . The
solvent was removed under vacuum. The oil was crystallized by treatment with diethylether. Yields and physicochemical
constants of prepared compous@s67 appear in Table 3.

N-(7-Carbonylmethoxy-2-methyl-3-phenoxychromone)amino Acids 68-70A solution of the appropriate amino
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acid (3.5 mmol) in NaOH solution (7 mL, 0.5 M, 3.5 mmol) was treated with activate®agte27 g, 3 mmol) in THF

(10 mL), vigorously stirred for 1 h at room temperature (completion of the reaction was determined by TLC), treated with
distilled water (100 mL), and acidified until the pH was 5-6. The precipitate was filtered off and crystallized from aqueous
propan-2-ol. Yields and physicochemical constants of compdd® appear in Table 3.
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