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ANFHA 50% Mg S MEEANAZGE 2FF22H SAATET 4934, #9.
pAsAgazotE RGN E pH 2,259 293KAX A7t ¥lEH A Fzo FIM2Y $42.5
X107'FA LOX107F7A)3 ot $xe dgg 5492 Fdo2 kFHES FFP22A Fd
A Y 2 $EMSS] $AMNIFUESE 4T, o5 ¥ UY AN UL AAAUL. AAF
oz, Aol 57 Z7HR log k'7} HA A Zise AYE AR, 2 FaYdEe 7
2717 EQed B1E MD-AAY4 3 2 FERLBES ABE F5ES oA A& 22 &
Aok, AAALGREAEL] RIA HMES HFH HAMN AT

ABSTRACT. Reverse phase liquid chromatographic elution behaviors of salicylic acid and its deri-
vatives were studied with classical and modern high-performance liquid chromatography(HPLC) using
Ambertite XAD-4 and XAD-7 resin packed columns. Capacity factors(k’) were determined in the com-
paratively high concentration(from 0.010F to 0. 150F) of ferric nitrate-50% methanol solution to eluci-
date the elution behaviors with classical method. On the other hand, k's were measured in the various
concentrations of methanol and ferric nitrate(from 2.5X107F to 1.10X107°F) solution of pH 2.25 and
293K with HPLC to explain the elution mechanism of them, and to find their optimum separation con-
dition. As a result, it was found that log k's of salicylic acid and its derivatives were decreased with
increasing the concentration of ferric ion, and the decreasing slopes of the compounds on the increa-
sing ferric ion concentrations were related with each stability constant of ferric salicylates. Some iso-
mers of derivatives of salicylic acid could be separated in the optimum condition.
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Table 1. Capacity factors(log k’) of salicylic acid and its derivatives in various concentrations of ferric nit-
rate solution on the Amberlite XAD-copolymer columns at 50%-methanol medium by classical elution me-

thod!
Derivative of Conc. of Fe(lll), M on XAD-4 column 0.100M Fe(ll)
salicylic acid 0.010 0. 025 0. 060 0. 100 0. 150 on XAD-7 column
H 0.05 0.23 0. 30 0.40 (.56 0.00

5-SOH —0.87 —0.83 —=0.85 —0.86 —0.85 —=0.85
4-QH —0.48 —0.41 -0.12 —0.13 0.08 0.01
6-OH —0.78 —0.77 -0.82 —0.82 —=0.47 =0.65
3-NO, 0.01 0.15 0.20 0.21 0.3 0.08
4-NO, 0.10 0.25 0.37 0.43 0.56 0.24
5NQO; 0.10 0.19 0.3 0.40 0.42 0.16
3-CHs 0.73 0.88 0.98 1.02 1.22 0.37
4-CH, 0.30 0.72 0.81 0.82 0.9 0.16
5-CH; 0.28 0.60 0.76 0.81 0.92 0.05
4-NH; =100 -0.70 —0.81 -1.00 -1.13 -

o Column: 7. 0mm(. d.)X27cm(length) (XAD-4: 80-115 mesh; XAD-7: 70-150 mesh); Flow rate: 0.5m! /min,

Vm=5. 3ml.
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Fig. 1. Plots of log k' vs. concentration of
ferric nitrate on the Amberlite XAD-4 co-
lumn in ferric nitrate-50%-methanol me-
dium with assical method. (1) 5-sulfo, (2)4-
amion, (3)6-hydroxy, (4)4-hydroxy, (5)3-ni-
tro, (6)5-nitro, (7) salicylic, (8)4-nitro, (9)5-
methyl, (10)4-methyl, (11) 3-methyl.
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() 6-OH «— 4-OH(2E =z23). (2} 3-NO,
«—> 4-NO.{or 5NO,) {eluent: 0.100F-ferric
nitrate-30% MeOH), (3) 4-CH;{(5-CH,) «— 3-
CHs(eluent: 0. 150F-ferric nitrate-50% MeOH).

P fEAES f&ME XAD4F A B
3t} 5-SOsH (4-NH, { 6-OH < 4-OH ( 3-NO,
{5-NG, {H<{4-NO, {5-CH; (3-CH; €Ax Q&
(Tadle 1, Fig 1), XAD-7¢AN e 1 &3
M7 M2 s fEEe AL B4 Ao
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Table 2. Capacity factors(k’) of salicylic-acid and its derivatives in 0.04 and 0, 08F-tetraethylammonium ch-
loride(TEAC) on the Amberlite XAD-copolymer columns at 0.01F ferric nitrate, and 50 percent(v/v) metha-

nol medium ¢

Derivative of TEAC conc.. on XAD-4 column TEAC conc. on XAD-7 column
salicylic acid 0.00 0.04 0.08 0.04F 0. 08F
H 113 4.45 4.71 2.57 3.1
4-OH 0.33 1.32 1.43 2.39 2.84
6-OH 0.17 0.70 0.71 0.88 0.89
3-NO, 1.03 111 1.23 0,79 1.23
4-NO, 1.25 1.86 2.21 1.79 1.95
5.NO, 1.24 1.61 1.77 1.50 1,60
3-CH; 5.39 16.8 27.3 5.61 6.31
4-CH; 2.00 7.75 11.1 3.82 4.36
5-CH; 1.92 6.68 9.80 3.29 4.00
4-NH, 0.00 - 0.34 - 0.79

¢ Column: 7. 0mm(i. d)X27cm(length) (packed with 80-115 mesh for XAD-4, and 70-150 mesh for XAD-7);

Flow rate: ©.5mé/min.
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Fig. 2. Plots of log k' vs. concentration of
methanol on the Amberlite XAD-7 column.
(1) 3-hydroxy, (2) salicylic, (3) 5-methyl, (4)3-
methyl, (5)5-chioro, (6)3-nitro, (7) 5-nitro,
{8) 4-nitro. :

dA vgge] FEUS WAANFNAAN XAD-7TE
AL o83 ke FFE AINE Table 3

Table 3. Capacity facors(k’} of salicylic acid and its derivatives in various concentrations of methanol on

the Amberlite XAD-copolymer columns at pH 7.0¢

Derivative of 40% Methanot on Methano] percentage on XAD-7 colum
salicylic acid XAD+4 column 20 30 40 60
H 1.92 2.10 1.25 0.74 0.38
5-SO:H 0.48 0.07 0.03 0.02 0.00
3-OH 0.84 1.06 0. 66 0.50 0.27
4-OH 0.72 1.30 0. 64 0. 50 0.28
6-0OH 1.73 12.21 5.56 2.53 0.77
- 3-NO, 6.04 14.63 6.48 3.34 1.0t
4-NOQ, 12.95 33.96 14.34 6. 56 1.64
5-NO;, 10. 66 29.07 12.20 6.03 1.43
3-CHs 4.30 4.91 2.42 1.23 0.43
4-CH; 3.92 4.35 2.1 112 0. 42
5-CH; .77 3.74 2.02 1.06 0.43
5-Cl 3.9 7.80 3.95 2.56 0.88
4-NH: 0.47 0.69 0.45 0.34 0.22
Phenot 29,89 - 34.15 - -
Benzoic acid 1.20 - 0.43 - -

7 Column: 3.9mm(. d)X30cm(length) respectively; Flow rate: 1.0mf/min.; Detection: UV 254nm, tm=1.93

mimn.
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Fig. 3. Plots of log k' vs. concentration of ferric
nitrate on the Amberlite XAD-4 column in 0.0005F
ferric nitrate-methanol medium. (1) S-sulfo, (2) 3-hy-
droxy, (3) 6-hydroxy, (4)4-amino, (5)4-hydroxy, (6)
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(14) 3-methyl,
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Table 4. Capacity factor(log k') of salicylic acid and its derivatives as a function of methanol percentage
and formality of potassium nitrate on the Amberlite XAD-copolymer columns in 5.0X10™*F-ferric nitrate

solution at pH 2.25°

Methanol, % on XAD-4 Methanol, % on XAD-7
Derivatives 15 20 30 40 50 | 20 30 40
b c b ¢

H - .75 1.37 111 125 133 078 129 0.8 069 0.8 0.8
5-SOsH —0.21 —0.22 —0.26 —0.24 —0.43 —0.36 —0.33| —0.28 ~0.30 —0.32 —0.34 —0.21
3-OH 0.66 050 0.28 0.11 020 027 0.08 038 017 008 048 0.20
4-OH 1.23 107 077 0.52 066 0.76 0.28 138 100 0.75 0.91 0.92
6-OH 0.77 059 043 0.12 030 036 0.0l 046 025 012 024 0.26
3-NO, - 1.09 008 0.45 0.62 067 0.23 073 045 0.24 0.37 0.42
4-NOQ, - 160 125 0.87 105 110 0.56 117 0.8 0.57 071 0.72
5-NO, — 1.37 098 067 0.83 087 0.33 102 07 0.5 062 0.63
3,5-DiNO» - 1.56 123 092 119 117 059 - - 0.95 103 101
3-CHs - - - 194 - - 1.47| 205 166 1.29 140 143
4-CH, - - - .63 -~ — 123 176 129 0.9 115 118
5-CHs - - — 1.5 -— —  1.16} 170 124 0.9 109 113
3-0CH; - 1.32 0.9 0.5 0.76 0.84 0.36] — - 0.30 0.35 0.39
4-NH; 0.90 0.87 0.51 0.30 0.43 0.47 0.08] 092 060 0.48 0.60 0.61
5-Cl - - - 143 - - 099 1.68 1.20 0.86 103 105

¢ Column size: 3.9mm{i. d.)X30cm(length) respectively; Flow rate: 1.0m! /min.; Detection: Visible 546nm,

* KNO; added: 0.05F, © KNO; added: 0.1F, tm=1.93min.
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Fig. 4. Plots of log k' vs. concentration of ferric
nitrate in 40%-methanol-ferric nitrate medium on
the Amberlite XAD-7 column at pH 2.25. (1) 5-su-
Mo, (2} 6-hydroxy, (3)3-hydroxy, (4) 3-nitro, (5} 5-ni-
tro, (6)4-amino, (7)4-nitro, (8)salicylic, (9)4-hyd-
roxy, (10) 5-chloro, (11) 5-methyl, (12) 4-methyl, (13)
5-bromo, (14) 3-methy).
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Table 5. Capacity factors(log k') of salicylic acid and its derivatives in various concentrations of ferric nit-
rate on the Amberlite XAD-copolymer columns at pH 2.25 and 4} percent (v/v) methanol medium’

Derivative of

Conc. of Fe(lll), MX 10’ on XAD-4

Conc. of Fe(lll), MX10* on XAD-7

salicylic acid 2.5 5.0 7.5 9.0 2.5 5.0 7.5 9.0 1.0

H 1.31 111 0.94 0. 80 0.54 0.69 0.52 0. 41 0.32
5-SO:H 0.01 -61 -020 -033)] ~-020 -0.32 -0.35 -038 -—0.42
3-OH 0.20 0.11 003 —0.03 0.17 0.08 0.06 0.04 0.03
4-OH 0.73 0.59 0.43 0.33 0.97 0.76 0.61 0.51 0.45
6-OH 0.20 0.12 0.08 0.05 0.17 0,12 0.08 0.07 0.06
3-NG, 0.68 0.52 0.40 0.38 0.38 0.24 0.20 0.17 0.11
4-NG, 1.05 0.87 0.76 0.72 0. 86 0.57 0.50 0.39 0.30
5-NO. 0.93 0.67 0.54 0.52 0.59 0.50 0.43 0.38 0.36
3,5-DiNG; 0.98 - 0.92 0.91 0.89 1.05 0.96 0.91 0. 86 0.84
3-CH; 2.27 2.05 1.79 1.56 1.55 1.28 1.01 0.85 0.72
4-CH;, 1.94 1.71 1.5¢ 1.36. 1.26 0.98 0. 82 0.72 0.61
5-CH, 1.93 1.63 1.42 1.25 1.22 0.94 0.79 0.63 0.56
3-OCH; 0.78 0.59 0.50 0.43 0.46 0.30 0.19 0.11 0.05
4-OCH; 1.85 1.62 1.39 1.36 1.28 0.94 0.78 0. 66 0.55
5-OCH, 1.49 1.15 1.04 0.93 0.91 0.68 0.52 0. 40 0.32
5-F 1.28 0.97 0.86 0.78 0.90 0.67 0.52 0.40 0.32
5-Cl 1. 66 1.43 1.33 1.09 112 0.86 0.80 0.62 0.35
5-Br 1.88 1.55 1.49 1.34 1.29 1.06 0.86 0.78 0.71
4-NH, 0.54 0.30 0.15 0.10 0.72 0.47 0.33 0.25 0.15

¢ Column: 3.9mm(i. d.)X30cm(length); Flow rate: 1.0m /min.; Detection: Visible 546nm, tm= 1. 93min.
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Table 6. Correlation between slope value(-a) and log K,

Derivative of | log Ki* Values by XAD-4 column | Values by XAD-7 column Deviation
salicylic acid Repgrted —a log Kécalcd.) -a log K((:calcd.) AB | AC | BC
H 17435 789 1625 828 17.42 —=119( —0.02| —1.17
5-SO.H 14.420 496 1442 340 14.42 .0 0 0
3-0H - 375 13.70 212 1340 - - | +0.30
4-OH - 638 15.18 724 16.75 - - —-1.57
6-OH - 226 12.69 164 13.00 - - =0.31
3-NO; 14.193 460 14.19 352 14.32 0 +0.13| —0.13
4-NO, - 569 14.92 510 1541 . - —0.49
5-NQ: 14.339 625 15.09 314 14.10 +0.75| —0.24| +0.9%
3,5-DiNQ;, - 145 © 1230 198 13.72 - - | —142
3-CHs 18.131 1,107 18.13 936 18.13 0 0 0
4-CH, - 908 16.87 888 17.80 - - | —093
5-CHa - 1,030 17.70 888 17.80 - - | =010
3-OCHs - 851 16.60 588 15691 - - +0.69
4-0CH; - - - 758 17.7¢ - - -
5-OCH; - 863 16.68 780 17.i3 - - | —045
5-F - 902 16.91 744 16.85 - - | +0.06
5-Cl 16,842 878 16.84 716 16.84 0 0 0
5Br 16,762 846 16.56 698 16.53 —020]| —023| +0.03
4-NG; - 777 16.17 796 17.17 - - | —100

*Slope values were obtatined from 7Table 5 by least squares method, ¢« Emst, Z.L. and Menashi, ], Trans
Faraday Soc, 59, 2838(1963); Emst., ZL. and Menashi, J.. ibid, 59, 1794(1963); Agran, A, Acla Chem.

Scand., 8, 266(1954).

Time
{(min.)

Fig. 6. Separation of the salicylic acid and its deri-
vatives on the Amberlite XAD4 39mmGd) X 30cm
(length) column in 5010 °F ferric nitrate-methanol
medium at pH 225 by stepwise elution. (a) 1:5-50;
H(lug), 2:6-0H(154ug), 3:3-NOA184ug), 4:5-NO:(84
ug), 5:4-NOA368ug)., 6:5-CHy(38.2up). 7:3-CHx(60.8ug),
(b) 1:5-S0;H(30.0ug), 2:3-OH(154ug), 3:4-OH(154ug),
4:Salicylic  acid(27.6ug), 5:5-CHA(38.2ug), 6:3-CH,(6038
ugh (© 1:3-0H(154ug), 2:3-0CH:(168ug, 3:5OCH:
{252ug), 4:4-0CH«168ug), 5:3-CHx(38.0ug).
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