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Several bis- and mono-2-hydroxybenzoicacid derivatives were synthesized by
the reactionofmethyl 2-hydroxybenzoatewith somealcohols (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 areweaker acids than the amidederivativesand, therefore, can be potentiallymore
involved in the processes of metal ions transport in plants, whereas the introduction of
�OH and �CH3 groups has a very small effect on the biochemical properties.
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EXPERIMENTAL

All the chemicals usedwere of analytical reagent grade.Methyl 2-hydroxybenzoate was puri-
fied by distillation (b.p. 219�222 ºC).
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IR spectra were recorded on a Perkin-Elmer 457 spectrophotometer. 1H-and 13C-NMR spec-
tra were taken on a Bruker AC 250 E instrument; the chemical shifts (d) are given in ppm values and
coupling constants ( ) in Hz. Mass spectra were obtained on a FinniganMAT 8230 BEDCI ( / val-
ues and ion abundances are given). Melting points were determined on a Büchi 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 25±0.1 ºC
under a nitrogen atmosphere, in a 60%(m/m) aqueous ethanol solution of constant ionic strength (0.5
mol/dm3 LiCl). Changes in the H3O+ concentration were followed with a pHG201 Radiometer glass
electrode and a silver-silver chloride reference electrode prepared after Brown.8

Quantitative evaluation of the data was carried out using Eq. (1), giving the relationship be-
tween the experimental emf values ( ) and the equilibrium H3O+ concentration, H3O+

3 + H . 3 + OH w 3 +

where º is a constantwhich includes the standardpotentialof the glass electrode, H and OH are fitting
parameters in acidic and alkalinemedia for correctionof experimentalerrors of the glass electrode, w

is the the autoprotolysis constant of water (10-15.18).9

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

Amixture consisting ofmethyl 2-hydroxybenzoate (20mmol), 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 ºC 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.

According to the general procedure, compound 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 in 80% yield, m.p. 76�76.5 ºC. IR spectrum
(KBr, nmax):3450(�OH), 3190 (C�H, arom.), 2980, 2880 (C�H, aliph.), 1670 (C=O, 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 (O�H, d), 870 (C�H,d). 1H-NMR spectrum (CDCl3): 1.52 ( , 3H, CH3, CH3,CH

=6.5), 4.51 ( , 1H,Ha fromCH2, (Ha,Hb)=11.9, Ha,CH=6.4), 4.58 ( , 1H,Hb fromCH2, Hb,CH=
3.7), 5.59 ( , 1H, CH), 6.89 ( , 2H, H-5, arom.), 6.99 ( , 2H, H-3, arom.), 7.47 ( , 2H, H-4, arom.),
7.84 ( , 2H, H-6, arom.), 10.63, 10.72 (2 , 2H, 2-OH, phenol). 13C-NMR spectrum (CDCl3): 16.49
( H3), 66.49 ( H2), 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=O, 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 C17H16O6 (316.3) calcu-
lated: 64.55 % C, 5.10 % H; found: 64.75 % C, 5.24 % H.

To prepare compound , 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 was recrystallized fromwater to give pure compound in
a yield of 42 %, m.p. 78.5 � 79 ºC. IR spectrum (KBr, nmax):3380, 3300 (�OH) 3100 (C�H, arom.),
2990, 2930 (C�H, aliph.), 1640 (C=O, 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, d).
1H-NMR spectrum (CDCl3): 1.31 ( , 3H, CH3; CH3,CH = 6.2), 2.30 ( , 1H�CH�O ), 4.14 � 4.39
( , 3H, CH2 and CH, CH,CH2a = 6.8, CH,CH2b = 3.5, Ha,Hb = 11.0), 6.88 ( , 1H, H-5, arom., 3,5 =
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1.0, 4,5 = 7.1, 5,6 = 8.1), 6.98 ( , 1H, H-3, arom. 3,4 = 8.5), 7.47 ( , 1H, H-4, arom., 4,6 = 1.8),
7.86 ( , 1H, H-6, arom.), 10.71 ( , 1H, OH, phenol). 13C-NMR spectrum (CDCl3): 19.26 ( H3),
65.91 (CHOH), 70.06 ( H2), 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=O, ester). Mass spectrum: 197
(M++1, 100), 179 (10), 121 (5). For C10H12O4 (196.2) calculated: 61.22%C, 6.12%H; found: 61.17
% C, 6.08 % H.

According to the general procedure, crude compound was extracted from the reaction mix-
ture with ethyl acetate. The extract was dried over anhydrous sodium sulfate and evaporated. Pure
compound 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 ºC. IR spectrum (KBr, nmax): 3520�3380 and 3250�3100 (�OH), 1675 (C=O, ester),
1615, 1590, 1490 (C=C, arom.), 1460, 1420 (C�H, aliph.), 1300, 1260, 1140, 1090 (�C�O�C, d, ester)
760 (C�H,d). 1H-NMR spectrum (DMSO-d6): 4.24 ( , 1H, HO�C ), 4.41 ( , 4H, 2 CH2), 5.71 ( ,
1H, CH�O ), 6.94 ( , 2H,H�5, 4,5=7.8, 5,6=8.0, 3,5=0.8), 6.98 ( , 2H,H-3, 3,4=8.2), 7.52 ( ,
2H, H-4, 4,6 = 1.7), 7.86 ( , 2H, H-6), 10.46 ( , 2H, 2OH, phenol). 13C-NMR spectrum
(DMSO-d6): 66.00 ( HOH), 66.04 (CO2 H2) 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=O). Mass spectrum: 333 (M++1; 100), 315(28),
195(7.6). For C17H16O7 (332.3) calculated: 61.45 % C, 4.85 % H; found: 61.78 % C, 4.95 % H.

To prepare compound , 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 , as an oil, was extracted from the reactionmixture with ethyl acetate. The
extract was dried over anhydrous sodium sulfate and evaporated. Pure compound was obtained after
column chromatography (benzene � ethyl acetate 9:1 and 2:1) and recrystallization fromacetone � hex-
ane in a yield of 18%,m.p. 86.5�87 ºC. IR spectrum (KBr, nmax): 3350�3200 (�OH), 2960, 2860 (C-H,
aliph.), 1675 (C=O, ester), 1615 (C=C, arom.), 1475, 1465 (C�H, aliph.), 1300, 1250, 1160, 1090
(C�O�C, d), 760 (C�H, d). 1H-NMR spectrum ((CH3)2CO-d6): 3.88 ( , 4H, 2C 2OH, CH2,OH = 6.2),
4.33 ( , 2H, 2OH), 4.57 ( , 4H, 2CH2OOC�), 6.93 ( , 4H, H-5, H-3, arom.), 7.52 ( , 2H, H-4, arom.,
4,6 = 1.8, 4,5 = 7.2, 3,4 = 8.6), 7.91 ( , 2H, H-6, arom. 5,6 = 7.9), 10.69 ( , 2H, 2OH, phenol).

13C-NMR spectrum ((CH3)2CO-d6): 45.60 ( (CH2)2(CH2OH)2), 61.65 ( H2OH), 65.13
( H2OOC�), 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=O, ester). Mass spectrum: 377 (M++1; 100), 257
(9), 241 (10). For C19H20O8 (376.4) calculated: 60.63 % C, 5.36 % H; found: 61.00 % C, 5.21 % H.

According to the general procedure, crude compound was extracted from the reaction mixture
with ethyl acetate. Pure compound was obtained under analogous experimental conditions as described
for compound , in a yield of 12%,m.p. 98 ºC. IR spectrum (KBr, nmax): 3410 (�OH, �NH), 3180, 3080
(C�H, arom.), 2950 (C�H, aliph.), 1690 (C=O, ester), 1650 (C=O, amide), 1620, 1600, 1550 (C=C,
arom.), 1500 (�C�N�H), 1470 (C�H, d), 1300, 1250, 1210, 1100, 1050 (�C�O�C�, d; C�CO�N, d), 750
(C�H, d). 1H-NMR spectrum ((CH3)2CO-d6): 3.89 ( , 2H, C 2-NHCO, CH2,CH2 = 5.5; CH2NH = 5.8),
4.59 ( , 2H, �C 2OCO), 6.83 ( , 1H,H-5�, fromC6H4(OH)CONH�, 5�,6�= 8.0, 3�,5�= 1.2, 4�,5�= 7.0),
6.87�6.98 ( , 3 ,H-3,H-5 fromC6 4(OH)COO�andH-3�fromC6 4(OH)CONH�), 7.40 ( , 1H,H-4�
from C6 4(OH)CONH�, 4�,6� = 1.5, 3�,4� = 8.3), 7.52 ( , 1H, H-4 from C6 4(OH)COO�, 4,6 = 1.5),
7.76 ( , 1H, H-6� fromC6 4(OH)CONH�), 7.90 ( , 1H, H-6 fromC6 4(OH)COO�, 5,6 = 8.0), 8.59
( , 1H, NH), 10.65 ( , 1H, OH from C6H4(O )COO�), 12.59 ( , 1H, OH from C6H4(O )CONH�).
13C-NMR spectrum ((CH3)2CO-d6): 39.13 ( H2NH), 64.80 ( H2OCO), 113.19 (C-1 from
6H4(OH)COO�), 115.34 (C-1� from 6H4(OH)CONH)�, 118.11 (C-3 from 6H4(OH)COO�), 118.63

(C-3� from 6H4(OH)CONH�), 119.27 (C-5� from 6H4(OH)CONH�), 120.05 ( -5 from
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C6H4(OH)COO�), 127.54 (C-6� from 6H4(OH)CONH�), 131.00 (C-6 from 6H4(OH)COO�), 134.82
(C-4' from 6H4(OH)CONH�), 136.74 (C-4 from 6H4(OH)COO�), 162.38 (C-2 from
6H4(OH)COO�), 162.44 (C-2� from 6H4(OH)CONH�), 170.82 ( OO�, 171.43 ( ONH�). Mass

spectrum: 302 (M++1; 100), 164 (90). For C16H15NO5 (301.3) calculated: 63.79%C, 5.02%H, 4.65%
N; found: 63.95 % C, 5.22 % H, 5.19 % N.

Compound was prepared under the same experimental conditions as described for com-
pounds and . Compound was recrystallized from chloroform (yield 38 %, m.p. 117 ºC). IR
cpectrum (KBr, nmax): 3410, 3320 (�NH, �OH), 3100 (C�H, arom.), 2990, 2950, 2890 (C�H, aliph.),
1650 (C=O, amide), 1620, 1590, 1520 (C=C, arom.), 1500 (C�N�H, d), 1480�1430 (C�H, d), 1380,
1240, 1070 (C�CO�N, d), 950 (�OH, d), 760 (C�H, d). 1H-NMR spectrum ((CH3)2CO-d6): 3.53 ( ,
2H, C 2NHCO, CH2NH = 5.8), 3.72 ( , 2H, C 2OH), 4.19 ( , 1H, OH), 6.84 ( , 1H, H-5, 5,6 = 8.0,
3,5 = 1.1, 4,5 = 7.0), 6.88 ( , 1H, H-3, 3,4 = 8.3), 7.39 ( , 1H, H-4, 4,6 = 1.6), 7.81 ( , 1H, H-6),
8.25 ( , 1H,N ), 12.75 ( , 1H,OH, phenol). 13C-NMRspectrum ((CH3)2CO-d6): 42.92 ( H2NH),
61.13 ( H2OH), 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=O).Mass spectrum: 182 (M++1; 100). For C9H11NO3 (181.2) calculated: 59.67%C, 6.08
% H, 7.73 % N; found: 59.61 % C, 6.29 % H, 7.53 % N.

Crude compound was extracted from the reaction mixture with ethyl acetate. The extract
was dried over anhydrous sodium sulfate and evaporated. Pure compound was obtained as an oil in
a yield of 15% after chromatography on a short column of silica gel (benzene � ethyl acetate 9:1 and
7:3). IR spectrum (film, nmax): 3400�3150 (�NH, �OH), 3080 (C�H, arom.), 1670 (C=O, ester), 1645
(C=O, amide), 1600, 1590, 1540 (C=C, arom.), 1490, 1370 (C�H, aliph.), 1300, 1250, 1220, 1150,
1090 (C�O�C, ester.), 740 (C�H, d). 1H-NMR spectrum (CDCl3): 1.47 ( , 3H, CH3, CH3,CH = 6.4),
3.63 � 3.89 ( , 2H, CH2), 5.41 ( , 1H, CH), 6.79 � 7.90 ( , 8H, arom. and 1H,NH), 10.68, 12.20 (2 ,
2H, 2OH, phenol). 13C-NMR spectrum (CDCl3): 17.81 ( H3), 44.32 ( H2), 71.24 ( H), 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.), 161.39 and 161.73 (C-2, arom.), 170.17 (C=O).

Pure compound was obtained as an oil in a yield of 40 % under analogous experimental
conditons as described for compound . IR spectrum (film, nmax): 3450 � 3200 (�OH, �NH), 2900,
(C�H, aliph.), 1635 (C=O, amide), 1600, 1550, 1495 (C=C, arom.), 1450, 1370, 1340 (C�H, aliph.),
1310, 1250, 1150 (C�CO�N�), 760 (C�H, d). 1H-NMRspectrum (CDCl3): 1.19 ( , 3H,CH3, CH3,CH

= 6.4), 3.24, 3.56 (2 , CH2), Ha,Hb = 13.8; CH,CH2a = 7.7, CH,CHb = 3.0, CH2a,NH = 5.3, CH2b,NH =
6.1), 3.65 ( , 1H, OH), 3.99 ( , 1H, CH), 6.78 ( , 1H, H-5 arom., 3,5 = 1.0, 4,5 = 7.1, 5,6 = 8.1),
6.91 ( , 1H, H-3, arom., 3,4 = 8.5), 7.32 ( , 1H, H-4, arom., 4,6 = 1.8), 7.38 � 7.55 ( , 2H, H-6,
arom., N ), 12.17 ( , 1H, OH, phenol). 13C-NMR spectrum (CDCl3): 20.74 ( H3), 46.64 ( H2),
66.91 ( H), 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=O, amide).

[ ]

Compound was obtained under analogous experimental conditons as described for com-
pound (yield 21 %, m.p. 122�123 ºC). IR spectrum (KBr, nmax): 3450�3030 (�OH, �NH), 2940
(C�H, aliph.), 1645 (C=O amide), 1605, 1550 (C=C, arom.), 1460, 1355, 1320 (C�H, d), 1250, 1160,
1120, 1060, 1020 (C�CO�N, d), 760 (C�H, d). 1H-NMR spectrum (DMSO-d6): 3.65 ( , 6H,
3C 2OH), 4.93 ( , 3H, 3OH), 6.90 ( , 2H,H-3,H-5, arom.), 7.35 ( , 1H,H-4, arom., 4,5=7.4, 3,4

= 8.4, 4,6 = 1.5), 7.88 ( , 1H, H-6, arom., 5,6 = 7,8), 8.49 ( , 1H, �CON ), 11.52 ( , 1H, OH, phe-
nol). 13C-NMR spectrum (DMSO-d6): 60.37 (�HN� (CH2OH)3), 62.51 ( H2OH), 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 (� ONH). Mass spectrum: 242 (M++1; 100). For C11H15NO5 (241.2) calcu-
lated: 54.77 % C, 6.27 % H, 5.81 % N; found: 54.65 % C, 6.54 % H, 5.97 % N.

RESULTS AND DISCUSSION

H OH
10

TABLE I. Protonation constants in 60 % (m/m) ethanol at 25±0.1 ºC and c = 0.5 mol/dm3 (LiCl)

Compound p a1
a p a2

a

9.26±0.04 9.44±0.09
9.59±0.02 -

9.27±0.02 9.30±0.01
9.30±0.03 9.66±0.07

b 9.45±0.07b 9.85±0.05b
b 9.64±0.01b 10.03±0.05b

8.63±0.02 9.37±0.06
8.53±0.08 -

8.72±0.08 9.31±0.24
8.56±0.02 -

8.00±0.01 -
a
Average deviations are shown;

b
Ref. 3.
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Scheme 3.
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I Z V O D

SINTEZA NEKIH BIS- I MONO-DERIVATA 2-HIDROKSIBENZOEVE KISELINE I

ODRE\IVAWE WIHOVIH KISELINSKIH KONSTANTI

EVGENIJA A. \URENDI], \EN\I \. VA[TAG, TEREZIJA M. [URAWI,

MIRJANA M. POPSAVIN i KATARINA M. PENOV GA[I

Institut za hemiju, Prirodno-matemati~ki fakultet, Univerzitet u Novom Sadu, Trg D. Obradovi}a 3,

21000 Novi Sad

Sintetizovani su bis- i mono-derivati 2-hidroksibenzoeve kiseline reakcijom
metil-2-hidroksibenzoata i alkohola (diola, poliola i amino alkohola) i odre|ene
suwihove kiselinske konstante u 60%-nom etanolu, potenciometrijskom titracijom.
Pokazalo se da estarski derivati usled slabije kiselosti mogu da u~estvuju u ve}oj
meri u procesu transporta jona metala u biqkama nego amidni derivati.

(Primqeno 21. marta, revidirano 14. juna 2000)
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