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Synthesis of some bis- and mono-2-hydroxybenzoic acid
derivatives and the determination of their acidity constants
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Several bis- and mono-2-hydroxybenzoic acid derivatives were synthesized by
the reaction of methyl 2-hydroxybenzoate with some alcohols (diols, polyols and amino
alcohols) and their acidity constants were determined in 60 % aqueous ethanol by the
potentiometric titration method. It has been shown that the biochemical behaviour of
these compounds is greatly dependent on their acidity. It appears that the ester deriva-
tives are weaker acids than the amide derivatives and, therefore, can be potentially more
involved in the processes of metal ions transport in plants, whereas the introduction of
—OH and —CHj groups has a very small effect on the biochemical properties.
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INTRODUCTION

It is known that a large number of 2-hydroxybenzoic acid derivatives exhibit a
certain biological activity and that compounds among them having phenolic -OH
groups represent the ligands involved in the process of metal ions transport in plants.! In
previous papers,2© we have described the synthesis of some selected bis-2-hy-
droxybenzamide and ester derivatives, as well as the stability of their complexes with
various metal ions.

Now we report the results related to the transesterification of methyl 2-hy-
droxybenzoate with selected alcohols (propan-1,2-diol, glycerol and 2,2-bis(hydro-
xymethyl)propan-1,3-diol) and aminoalcohols (2-aminoethan-1-ol, 1-aminopropan-2-ol
and 2-amino-2-(hydroxymethyl)propan-1,3-diol). The following mono- and bis-2-hy-
droxybenzoate ester and amide derivatives were obtained: propane-1,2-diyl bis(2-hy-
droxybenzoate) (1), 2-hydroxypropyl 2-hydroxybenzoate (2), 2-hydroxypropane-1,3-di-
yl bis(2-hydroxybenzoate) (3), 2,2-bis(hydroxymethyl)propane-1,3-diyl bis(2-hydroxy-
benzoate) (4), 2-(2-hydroxybenzamido)ethyl 2-hydroxybenzoate (7), N-(2-hydroxye-
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thyl)-2-hydroxybenzamide (8), 2-(2-hydroxybenzamido)-1-methylethyl 2-hydroxyben-
zoate (9), N-(2-hydroxypropyl)-2-hydroxybenzamide (10) and N-[tris(hydroxymethyl)
methyl]-2-hydroxybenzamide (11) (Fig. 1.).

The reactions were carried out at 150 °C in the presence of sodium as catalyst. Un-
der these reaction conditions, when the transesterification was carried out in a mole ratio
of 2:1 of methyl 2-hydroxybenzoate and the corresponding alcohol (propan-1,2-diol,
glycerol, 2-aminoethan-1-ol, 1-aminopropan-2-ol and 2-amino-2-(hydroxymethyl)pro-
pan-1,3-diol) the bis-2-hydroxybenzoic acid derivatives 1, 3, 7 and 9 were obtained in the
yields 80,26, 12 and 15 %, respectively and the mono-2-hydroxybenzoic acid derivatives
8, 10 and 11 in the yields 32, 40 and 21 %, respectively.

In contrast, the reaction of methyl 2-hydroxybenzoate with a three-fold molar ex-
cess of propan-1,2-diol or 2,2-bis(hydroxymethyl)propan-1,3-diol resulted in the cor-
responding mono-derivative 2 (42 % yield) or bis-derivative 4 (18 % yield).

In view of the fact that the biochemical behaviour of these compounds is greatly
dependent on their acidity, we determined their acidity constants.

The acidity constants of the synthesized derivatives of 2-hydroxybenzoic acid
14 and 7-11, monoprotic or diprotic weak acids, were determined by potentiometric
titration.3>?

EXPERIMENTAL

All the chemicals used were of analytical reagent grade. Methyl 2-hydroxybenzoate was puri-
fied by distillation (b.p. 219-222 °C).
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IR spectra were recorded on a Perkin-Elmer 457 spectrophotometer. 'H-and 1*C-NMR spec-
tra were taken on a Bruker AC 250 E instrument; the chemical shifts (3) are given in ppm values and
coupling constants (J) in Hz. Mass spectra were obtained on a Finnigan MAT 8230 BEDCI (m/z val-
ues and ion abundances are given). Melting points were determined on a Biichi SMP-20 apparatus
and were not corrected.

The protonation equilibria were investigated by potentiometric titration of a mixture of the
given 2-hydroxybenzoic acid derivative and hydrochloric acid with a solution of LiOH at 2510.1 °C
under anitrogen atmosphere, in a 60 % (m/m) aqueous ethanol solution of constant ionic strength (0.5
mol/dm?3 LiCl). Changes in the H;O" concentration were followed with a pHG201 Radiometer glass
electrode and a silver-silver chloride reference electrode prepared after Brown.®

Quantitative evaluation of the data was carried out using Eq. (1), giving the relationship be-
tween the experimental emf values (E) and the equilibrium H3O" concentration, [H301]:

E =E°+ (RT/F) log [H30"] +ji - [H30™] +jon . Kw/[H307] (1

where E° is a constant which includes the standard potential of the glass electrode, jiy and jop are fitting
parametersin acidic and alkaline media for correction of experimental errors of the glass electrode, K,
is the the autoprotolysis constant of water (10°1318) 9

The emf was measured with a Radiometer digital pH meter, PHM 64.

General procedure for the synthesis of compounds 1-4 and 7-11

A mixture consisting of methyl 2-hydroxybenzoate (20 mmol), the corresponding alcohol (10
mmol; propan-1,2-diol, glycerol, 2-aminoethan-1-ol, 1-aminopropan-2-ol, or 2-amino-2-(hydro-
xymethyl) propan-1,3-diol) and sodium (1 mmol) was heated on an oil bath at 150 °C under atmo-
spheric pressure, with the continuous removal of methanol for 2 h. Afterwards, distilled water (100
ml) and hydrochloric acid (1:1, to pH 6—7) were added to the residue.

Propane-1,2-diyl bis(2-hydroxybenzoate) (1)

According to the general procedure, compound 1 precipitated upon addition of water and hy-
drochloric acid (1:1, to pH 6-7) to the reaction mixture. The precipitated solid was washed with wa-
ter, dried and recrystallized from 95 % ethanol to give 1 in 80 % yield, m.p. 76-76.5 °C. IR spectrum
(KBr, viax):3450(-0OH), 3190 (C-H, arom.), 2980, 2880 (C-H, aliph.), 1670 (C=0, ester), 1615,
1590 (C=C, arom.), 1490, 1470 (C=C, C-H), 1405, 1350 (C-H, aliph.), 1295, 1255, 1215,1120, 1095
(C—O-C, ester), 980 (0-H, 8), 870 (C-H,3). 'H-NMR spectrum (CDCly): 1.52 (d, 3H, CH3, Joms,cn
= 65), 4.51 (dd, 1H, Ha from CHQ, J(Ha,Hb) =1 19, JHa,CH = 64), 4.58 (dd, 1H, Hb from CHZaJHb,CH =
3.7),5.59 (m, 1H, CH), 6.89 (m, 2H, H-5, arom.), 6.99 (d, 2H, H-3, arom.), 7.47 (m, 2H, H-4, arom.),
7.84 (m, 2H, H-6, arom.), 10.63, 10.72 (25, 2H, 2-OH, phenol). 13C-NMR spectrum (CDCl3): 16.49
(CHj3), 66.49 (CH,), 69.21 (CH), 111.91 and 112.21 (C-1, arom.), 117.59 (C-3, arom.), 119.19 and
119.29 (C-5, arom.), 129.83 and 129.86 (C-6, arom.), 135.99 and 135.89 (C-4, arom.), 161.75 and
161.68 (C-2, arom.), 169.66 and 169.45 (C=0, ester). Mass spectrum: 316 (M*, 20), 180 (18), 179
(100), 121 (94), 122 (22), 121 (94), 120 (50), 93 (28), 92 (28), 65 (12). For C17H¢0¢ (316.3) calcu-
lated: 64.55 % C, 5.10 % H; found: 64.75 % C, 5.24 % H.
2-Hydroxypropyl 2-hydroxybenzoate (2)

To prepare compound 2, a mixture of methyl 2-hydroxybenzoate (10 mmol), propan-1,2-diol
(30 mmol) and sodium (7 mmol) was treated according to the general procedure as described above.
The precipitated solid of crude compound 2 was recrystallized from water to give pure compound 2 in
ayield of42 %, m.p. 78.5 — 79 °C. IR spectrum (KBr, v,;,,,):3380, 3300 (-OH) 3100 (C-H, arom.),
2990, 2930 (C-H, aliph.), 1640 (C=0, ester), 1620 (C=C, arom.), 1495 (C=C, C-H aliph.), 1350,
1300 (C-H, aliph.) 1260, 1235, 1160, 1095 (C-O-C, ester), 980 (O-H, d) 805, 760 (C-H, ).
TH-NMR spectrum (CDCly): 1.31 (d, 3H, CHs; Joms,ca = 6.2), 230 (bs, IH-CH-OH), 4.14 —4.39
(m, 3H, CH2 and CH, JCH,CH2a = 68, JCH,CH2b = 35, JHa,Hb = 110), 6.88 (m, 1H, H-S, arom., J3,5 =



684 DIURENDIC et al.

1.0,J45=7.1,J56=8.1),6.98 (dd, 1H, H-3, arom. J3 4 = 8.5), 7.47 (m, 1H, H-4, arom., J4 s = 1.8),
7.86 (dd 1H, H- 6 arom.), 10.71 (s, 1H, OH phenol) I3C-NMR spectrum (CDC13) 19.26 (CH5),
65.91 (CHOH), 70.06 (CH,), 112.09 (C-1, arom.), 117.62 (C-3, arom.),119.19 (C-5, arom.), 129.79
(C-6, arom.), 135.91 (C-4, arom.), 161,62 (C-2, arom.), 170.00 (C=0, ester). Mass spectrum: 197
(M*+1,100),179(10), 121 (5). For C;(H;,04 (196.2) calculated: 61.22 % C, 6.12 % H; found: 61.17
% C,6.08 % H

2-Hydroxypropane-1,3-diyl bis(2-hydroxybenzoate) (3)

According to the general procedure, crude compound 3 was extracted from the reaction mix-
ture with ethyl acetate. The extract was dried over anhydrous sodium sulfate and evaporated. Pure
compound 3 was obtained after chromatography on a short column of silica gel (benzene —ethyl ace-
tate 9:1 and 7:3) and recrystallization from a mixture of dichlormethane — hexane in a yield of 26 %,
m.p. 86.5 — 87 °C. IR spectrum (KBr, v, ,,): 3520-3380 and 3250-3100 (-OH), 1675 (C=0, ester),
1615, 1590, 1490 (C=C, arom.), 1460, 1420 (C-H, aliph.), 1300, 1260, 1140, 1090 (-C-O-C, 3, ester)
760 (C-H,3). 'H-NMR spectrum (DMSO-dy): 4.24 (m, 1H, HO-CH), 4.41 (m, 4H, 2 CH,), 5.71 (bs,
1H,CH-OH), 694([ 2H,H-5,J45=7.8,J55=28.0,J35=0.8),6.98 (dd, 2H, H3 J34 8.2),7.52(m,
2H, H-4, Js6 = 1.7), 7.86 (dd, 2H, H- 6) 10.46 (bs 2H, 20H, phenol). PC-NMR spectrum
(DMSO d6) 66.00 (CHOH), 66.04 (CO,CH,) 112.99 (C- 1) 117.39 (C-3), 119.39 (C-5), 130.28
(C-6), 135.78 (C-4), 160.15 (C-2), 168.65 (C=0). Mass spectrum: 333 (M*™+1; 100), 315(28),
195(7.6). For Cy7H 07 (332.3) calculated: 61.45 % C, 4.85 % H; found: 61.78 % C,4.95% H
2,2-Bis(hydroxymethyl)propane-1,3-diyl bis(2-hydroxybenzoate) (4)

To prepare compound 4, a mixture of methyl 2-hydroxybenzoate (10 mmol), 2,2-bis(hydroxy-
methyl)propan-1,3-diol) (30 mmol) and sodium (7 mmol) was treated according to the general proce-
dure. The crude compound 4, as an oil, was extracted from the reaction mixture with ethyl acetate. The
extract was dried over anhydrous sodium sulfate and evaporated. Pure compound 4 was obtained after
column chromatography (benzene — ethyl acetate 9:1 and 2:1) and recrystallization from acetone — hex-
ane in ayield of 18 %, m.p. 86.5-87 °C. IR spectrum (KBr, v,,,,x): 3350-3200 (-OH), 2960, 2860 (C-H,
aliph.), 1675 (C=0, ester), 1615 (C=C, arom.), 1475, 1465 (C-H, aliph.), 1300, 1250, 1160, 1090
(C-0-C, 8),760 (C-H, 8). 'H-NMR spectrum ((CH;),CO-dg): 3.88 (d, 4H, 2CH,OH, Jem,on = 6.2),
433 (¢t,2H, 20H), 4.57 (s, 4H, 2CH,00C-), 6.93 (m, 4H, H-5, H-3, arom.), 7.52 (m, 2H, H-4, arom.,
Jas=1.8,J45= 72,34 = 8.6),791 (dd, 21, H-6, arom. J56779) 10.69 (bs, 2H, 20H, phenol)
I3C.NMR spectrum ((CH3)2CO dg): 45.60 (C(CHZ)Z(CHZOH)Z) 61.65 (CH,OH), 65.13
(CH,O0C-), 113.27 (C-1, arom.), 118.14 (C-3, arom.), 120.06 (C-5, arom.), 130.82 (C-6, arom.),
136.65 (C-4, arom.), 162.29 (C-2, arom.), 170.64 (C=0, ester). Mass spectrum: 377 (M*+1; 100), 257
(9), 241 (10). For C9H,qOg (376.4) calculated: 60.63 % C, 5.36 % H; found: 61.00 % C, 5.21 % H
2-(2-Hydroxybenzamido)ethyl 2-hydroxybenzoate (7)

According to the general procedure, crude compound 7 was extracted from the reaction mixture
with ethyl acetate. Pure compound 7 was obtained under analogous experimental conditions as described
for compound 3, in a yield of 12 %, m.p. 98 °C. IR spectrum (KBr, v;,,,): 3410 (~OH, —-NH), 3180, 3080
(C-H, arom.), 2950 (C-H, aliph.), 1690 (C=0, ester), 1650 (C=0, amide), 1620, 1600, 1550 (C=C,
arom.), 1500 (—C-N-H), 1470 (C-H, d), 1300, 1250, 1210, 1100, 1050 (-C-O-C—, §; C-CO-N, ), 750
(C-H, 8). "TH-NMR spectrum ((CH3),CO-de): 3.89 (m, 2H, CH,-NHCO , Jom,cm = 3.5; Jomng = 5.8),
4.59(¢,2H,-CH,0CO), 6.83 (m, 1H, H-5’, from CsH4,(OH)CONH-, J5> 5> =8.0,J3 5:= 1.2, Jp 5=7.0),
6.87-6.98 (m,3H,H-3, H-5 from C4H;,(OH)COO-and H-3’ from C6H4(OH)CONH ), 7.40 (m, 1H H-4
from C6H4(OH)CONH »Jp o= 1.5, J3 4= 83),7.52 (m, 1H, H-4 from CcHy(OH)COO-, Js 6 = 1.5),
7.76 (dd, 1H, H-6’ from C6H4(OH)CONH -, 1.90 (dd, 1H, H-6 from CcHA(OH)COO-, J5 ¢ = =8, 0), 8.59
(bs, 1H, NH), 10.65 (s, 1H, OH from C;H/(OH)COO-), 12.59 (s, 1H, OH from C6H4(OH)CONH7).
13C-NMR spectrum ((CH3),CO-dg): 39.13 (CH,NH), 64.80 (CH,OCO), 113.19 (C-1 from
CeH4(OH)COO-), 115.34 (C-1” from CgH4(OH)YCONH)-, 118.11 (C-3 from CgHy(OH)COO-), 118.63
(C-3’ from CgH4(OH)CONH-), 119.27 (C-5° from CgH4(OH)CONH-), 120.05 (C-5 from
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CgH4(OH)COO-), 127.54 (C-6’ from CgH4(OH)YCONH-), 131.00 (C-6 from CgH4(OH)COO-), 134.82
(C-4" from C¢H4(OH)CONH-), 136.74 (C-4 from CgHy4(OH)COO-), 162.38 (C-2 from
CeH4(OH)COO-), 162.44 (C-2’ from CgH4(OH)CONH-), 170.82 (COO-, 171.43 (CONH-). Mass
spectrum: 302 (M*+1; 100), 164 (90). For CH;5NO5 (301.3) calculated: 63.79 % C,5.02 % H, 4.65 %
N; found: 63.95 % C, 5.22 % H, 5.19 % N.

N-(2-hydroxyethyl)-2-hydroxybenzamide (8)

Compound 8 was prepared under the same experimental conditions as described for com-
pounds 3 and 7. Compound 8 was recrystallized from chloroform (yield 38 %, m.p. 117 °C). IR
cpectrum (KBr, vy,,,): 3410, 3320 (-NH, -OH), 3100 (C-H, arom.), 2990, 2950, 2890 (C-H, aliph.),
1650 (C=0, amide), 1620, 1590, 1520 (C=C, arom.), 1500 (C-N-H, 8), 1480-1430 (C-H, ), 1380,
1240, 1070 (C—CO-N, 8), 950 (—OH, 8), 760 (C—H, 8). TH-NMR spectrum ((CH3),CO-dg): 3.53 (m,
2H, CHyNHCO, Jepynn = 3.8),3.72 (¢, 2H, CH,OH), 4.19 (bs, 1H, OH), 6.84 (m, 1H, H-5,J5 5= 8.0,
J35=1.1,J45=7.0),6.88 (dd, 1H,H-3,J5 4=8.3),7.39 (m, 1H,H-4, J; = 1.6),7.81 (dd, 1H , H-6),
8.25 (bs, 1H,NH), 12.75 (bs, 1H, OH, phenol). *C-NMR spectrum ((CH3)»CO-dy): 42.92 (CH,NH),
61.13 (CH,OH), 115.49 (C-1),118.54 (C-3), 119.16 (C-5),127.57 (C-6), 134.60 (C-4), 162.41 (C-2),
171.18 (C=0). Mass spectrum: 182 (M*+1; 100). For CoH;;NO5 (181.2) calculated: 59.67 % C, 6.08
% H, 7.73 % N; found: 59.61 % C, 6.29 % H, 7.53 % N

2-(2-Hydroxybenzamido)-1-methylethyl 2-hydroxybenzoate (9)

Crude compound 9 was extracted from the reaction mixture with ethyl acetate. The extract
was dried over anhydrous sodium sulfate and evaporated. Pure compound 9 was obtained as an oil in
ayield of 15 % after chromatography on a short column of silica gel (benzene — ethyl acetate 9:1 and
7:3). IR spectrum (film, v, .5 ): 3400-3150 (-NH,-OH), 3080 (C-H, arom.), 1670 (C=0, ester), 1645
(C=0, amide), 1600, 1590, 1540 (C=C, arom.), 1490, 1370 (C-H, aliph.), 1300, 1250, 1220, 1150,
1090 (C-O—C, ester.), 740 (C-H, ). 'H-NMR spectrum (CDCl3): 1.47 (d, 3H, CHs, Joms,cu= 6.4),
3.63-3.89(m,2H, CH,), 5.41 (m, 1H, CH), 6.79 —7.90 (m, 8H, arom. and 1H,NH), 10.68, 12.20 (2s,
2H, 20H, phenol). *C-NMR spectrum (CDCls): 17.81 (CHy), 44.32 (CH,), 71.24 (CH), 112.08 and
114.17 (C-1, arom.), 117.66 and 118.51 (C-3, arom.), 118.78 and 119.27 (C-5, arom.), 125.38 and
129.82 (C-6,arom. ), 134.36 and 136.07 (C-4,arom.), 161.39and 161.73 (C-2, arom.), 170.17 (C=0).
N-(2-hydroxypropyl)-2-hydroxybenzamide (10)

Pure compound 10 was obtained as an oil in a yield of 40 % under analogous experimental
conditons as described for compound 9. IR spectrum (film, v,,,,,): 3450 — 3200 (-OH, —NH), 2900,
(C-H, aliph.), 1635 (C=0, amide), 1600, 1550, 1495 (C=C, arom.), 1450, 1370, 1340 (C-H, aliph.),
1310, 1250, 1150 (C—CO-N-), 760 (C-H, 8). "H-NMR spectrum (CDCl3): 1.19 (d, 3H, CHs, Jens,cH
=6.4),3.24,3.56 (2Zm, CHy), Jyga uo = 13.8; Jen cma= 7.7, Jem, b = 3.0, Jema, ng = 5.3, Joman NH =
6.1),3.65 (bs, 1H, OH), 3.99 (m, 1H, CH), 678(m 1H, H- 5 arom. ,J35=1.0,J45=7.1,J56=8.1),
6.91 (dd, 1H, H-3, arom., J3 4 = 8.5), 7.32 (m, 1H, H-4, arom. J4671 8), 7.38 = 7.55 (m, 2H H-6,
arom., NH), 12. 17 (bs, 1H, OH, phenol). *C-NMR spectrum (CDCly): 20.74 (CHy), 46.64 (CHy),
66.91 (CH), 114.31 (C-1 arom.), 118.08 (C-3, arom.), 118.88 (C-5, arom.), 126.16 (C-6, arom.),
134.15 (C-4, arom.), 160.61 (C-2, arom.), 170.34 (C=0, amide).
N-[tris(hydroxymethyl)methyl]-2-hydroxybenzamide (11)

Compound 11 was obtained under analogous experimental conditons as described for com-
pound 8 (yield 21 %, m.p. 122-123 °C). IR spectrum (KBr, vp,x): 3450-3030 (-OH, —~NH), 2940
(C-H, aliph.), 1645 (C=0 amide), 1605, 1550 (C=C, arom.), 1460, 1355, 1320 (C-H, 9), 1250, 1160,
1120, 1060, 1020 (C—CO-N, 8), 760 (C-H, 8). 'H-NMR spectrum (DMSO-dg): 3.65 (bs, 6H,
3CH,0H),4.93 (bs,3H,30H),6.90 (m,2H, H-3,H-5,arom.), 7.35 (m, IH,H-4, arom., Jy 5=7.4,J3 4
=8.4,J45=1.5),7.88 (dd, 1H,H-6, arom., J5 s=7,8),8.49 (s, 1H, -CONH), 11.52 (bs, 1H, OH, phe-
nol). 13C-NMR spectrum (DMSO dg): 60. 37 (-HN-C(CH,0H),), 62.51 (CH,OH), 116 99 (C-3,
arom.), 118.35 (C-1, arom.), 119.13 (C-5, arom. ), 130.00 (C-6, arom.), 133,15 (C-4, arom.), 157. 39
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(C-2, arom), 166.83 (-CONH). Mass spectrum: 242 (M*+1; 100). For C;;H;5sNOj5 (241.2) calcu-
lated: 54.77 % C, 6.27 % H, 5.81 % N; found: 54.65 % C, 6.54 % H, 5.97 % N.

RESUILTS AND DISCUSSION

Protonation constants were determined from 3—5 independent titrations. The cal-
culations concerning the calibration of the electrode system (£°, slope, jiy and jory) were
performed using the computer program PSEQUAD. 10

The obtained values of acidity constants of the new compounds 1-4 and 711 are
presented in Table 1.

TABLE 1. Protonation constants in 60 % (m/m) ethanol at 2530.1 °C and I, = 0.5 mol/dm? (LiCI)

Compound pK,1? pK 2

1 9.2640.04 9.4410.09
2 9.59+0.02 -

3 9.27+0.02 9.3040.01
4 9.3040.03 9.66+0.07
sb 9.4540.07° 9.85+0.05P
6P 9.6410.01° 10.0310.05P
7 8.6340.02 9.37+0.06
8 8.5340.08 -

9 8.7240.08 9.3140.24
10 8.5610.02 -

11 8.0040.01 -

®Average deviations are shown; PRef. 3.

CH,R! CHR'
o/ 0/

i |
HO %0
—

Cy
[I,

o o)

©

R'=H (methyl 2-hydroxybenzoate)

TO

R' = CH(CH300 1
HO
R' = CH(OH)CH3 2
R'= CH(OH)CHzooc—@ 3
HO
R' = C(CHOH),CH,00G 4
HO
Scheme 1.

Compounds 14 are the ortho-substituted ester derivatives and compounds 711
are ortho-substituted amide derivatives of phenol. All the compounds are acids, stron-
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ger than phenol (pK, = 10.73),” which can be explained by the negative inductive effect
(=) of the carbonyl group, as well as by a negative resonance effect (—R) of the es-
ter/amide substituent. If the acidity constants of methyl 2-hydroxybenzoate® (pK, =
9.83)7 and of compounds 1-4 are compared with the acidity constants of N-me-
thyl-2-hydroxybenzamide (pK,=8.75)” and compounds 7 — 11, it is evident that the es-
ter derivatives (methyl 2-hydroxybenzoate and compounds 1 —4) are weaker acids than
N-methyl-2-hydroxybenzamide and the new amides 7 — 11.

In addition to the —/ and —R effects mentioned above, the acid strength of the in-
vestigated compounds is also essentially influenced by the intramolecular hydrogen
bonds. In the molecules of methyl 2-hydroxybenzoate and of compounds 1 —4 favour-
able intramolecular hydrogen bonds are involved, whereas in the dissociated forms
destabilizing repulsive dipoled—dipole interactions are in operation (Scheme 1).

However, in N-methyl-2-hydroxybenzamide and compounds 7 — 11, two poten-
tial intramolecular hydrogen bonds exist, so that both forms are present in a dynamic
equilibrium (Scheme 2). The form in which the hydrogen bond is between the amino
group and the phenolic group (b in Scheme 2) allows an easier detachment of proton
from the —OH group, i.e., the acidity of this group is enhanced. On the other hand, the
dissociated forms are stabilized by the same intramolecular hydrogen bonds. Hence,
N-methyl-2-hydroxybenzamide and compounds 7—11 are stronger acids than methyl
2-hydroxybenzoate and compounds 1-4.

2
NHR . 0
S ~n-R e Cu -R?
° ) S E
H » H
- (o) W
o) I Og
H

(a) (b)

RZ= CHj (N-methyl-2-hydroxybenzamide)

R?= (CHz)zooc—@ 7

HO

R? = (CHo),0H 8
HOQ,

R2= CHQCH(CH3)OO¢© 9

R? = CH,CH(OH)CH3 10

R? = C(CHzOH)3 11

Scheme 2.

A futher analysis of the pK, values of esters 1-4 shows that compound 1 is a
stronger acid than compound 5 (Ref. 3) because it contains a methyl group. This methyl
group, by its +/ effect, contributes to the strength of the intramolecular hydrogen bond
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between the carbonyl oxygen atom and the phenolic hydrogen, the consequence being
an increased acidity of the phenolic group (Scheme 3).
R._ _CH,

~

|

|
Cx 1;R= ooc«@
Scheme 3.

If compared with compound 6, compounds 3 and 4 contain additional OH and
CH>OH groups, respectively, which also contribute to the acidity of the phenolic OH
group. Hence, compounds 3 and 4 are stronger acids than compound 6. In an analogous
way the acid properties of the N-substituted 2-hydroxybenzamides (compounds 7—11)
can also be explained. The strongest acid is compound 11 because it contains three
hydroxymethyl groups, whereas the weakest acid is compound 9, in which the methyl
group, by its +/ effect, increases the electronic density on the nitrogen atom of the amide
group (Scheme 4). This weakens the intramolecular hydrogen bond between the phe-
nolic oxygen and the amide hydrogen, the consequence being a hindered detachment of
the proton from the phenolic group.

TI:nQ

R CHj
2
C CH
\N;X 2
I 9;R= ooc—@
«H
? HO
H
Scheme 4.

It follows from the above that the ester derivatives of 2-hydroxybenzoic acid are
weaker acids than the amide derivatives, so that their complexing properties are more
pronounced. Hence, they can participate in the transport of metal ions in biological sys-
tems to a greater extent. On the other hand, the presence of the -OH and —CH3 groups in
compounds 1, 3 and 4 increases only slightly the acidity of the phenolic groups com-
pared with compound 6, and hence the complexing capabilities are insignificantly de-
creased, so that a small difference in the biochemical activity of the given compounds
could be expected.
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U3BOJ

CHMHTE3A HEKMX BHUC- U MOHO-IEPUBATA 2-XUTPOKCHUBEH30OEBE KNUCEJIIMHE N
OJIIPEBHUBAIBE BUXOBUX KUCEIMHCKHNX KOHCTAHTH

EBI'EHUAJA A. BYPEHJIWh, hBEHEN 'b. BAIITAL, TEPESHUJA M. lIYPABH,
MHWPIJAHA M. ITOIICABHUH u KATAPHMHA M. I[IEHOB I'AlIIA

Hucmuuiiyi sa xemujy, Ipupoouo-uattienattivvuxy Gaxyatieiti, Yrueepsuitieiti y Hoeon Cady, Tpz . Obpadosutia 3,
21000 Hosu Cao

CHHTETH30BAHY Cy OUC- B MOHO-IEPHBATH 2-XHPOKCHOEH30e Be KHCETHHE PeaKIHjOM
MCTHH-z-XHHpOKCHGCH?)OaTa 1 aJIKoXoJia (HI/IOHa, noJInmoJia 1 aMHAHO aHKOXOHa) n OHpebeHe
Cy IbUXOBE KACENNHCKEe KOHCTAHTE Y 60 %-HOM eTaHoIy, TOTe HI[HOMETPH]CKOM THTPATIH]OM.
TTokasaso ce J1a ecTapcKu JlepUBATH ycilef] claduje KUCENOCTH MOTY fla yuecTBYjy v Behoj
MepH y IPoliecy TpaHCImopTa joHa MeTana y OubKaMa Hero aMHJ[HA [[epABATH.

(IIpmvbeno 21. mapta, pesugupano 14. jyna 2000)
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