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ABSTRACT

ln the oligomerization of p-aminophenol under the catalytic action of the metallic complexes, the
effects of the ligands are studied. When the initial velocity of O, uptake at pH 8 using Fe (IlI) as
the central metal and N-tydroxylethylethylenediaminetriacetic acid (HEDTA), cthylenediaminetetraacetic
acid (EDTA). dicthylenetriaminepentaacetic acid (DTPA), 1, 2-cyclohexanediaminetetraacetic acid(Cy
DTA) as the ligands respectively are compared, the velocities are as the following order: HEDTAZ-
EDTA>DTPA>CyDTA.

Further when the effect of the ligands, nitrilotriacetic acid (NTA), HEDTA, EDTA, and DTPA,
on the yields of oligomers are compared, the result shows as the following order: NTASHEDTAT>
EDTA>>DTPA. These are nearly reverse order of the stability constants of the complexes.

In order to determine the composition of the mixed complexes at the initial step, the method of con-
tinuous variation is used, and it is found that the composition ratio of Fe.EDTA complex to monomer
in the mixcd complexes is one at pH 5—8 range.

It is also found that at pH 9 or in the more alkaline range, side reactions occur to form water soluble
dimer of quinone type and the catalylic action of the metallic complex markedly decreases on account

of the hvdrolysis of the central metal by the OH" ion.
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Aromatic amines o)} phenols 2 il & %3
Bifb=l o} free radical & £p3tz, ol 256 W b
ERE Ad Bl #EITsIE, o BbrhRte
Y K#o 2 #iEl oA s FABREFHC-?, Amino
group H} hydroxyl group-& 4%3HE= aminopheno!
< ol E{LBREel g4, AA BAEEZ free
radical (semiquinone)e] &= =, coha] HEARE A
quinonimine ©] 4, MASBHE BRI qui-
none o AR T},

v, higBE Fe 232, Ado]EM2A ED-
TA & #FH9 BKsE = Fe-EDTA &4 7+ i
¥ FIAsA, #I2A p-aminophenol & HAS p-
aminopheno! ¢]  oligomer 7} MZEgyo g fEsd,
= £REAHSS quinone ring & amino I hydroxyl
groups & AH3E HBEL-S ROV HEEAvE 3l
2, olgH o BAKES ABER e 238 K
B | e ETE s #Esdnt, 28y
FEARNA pH 8 3ELFA Ml REKEEE
e 22, pH 9 Ll kel A EERAkoT AR5 QSdss
F3lx fZse] BAEE AL BIRES) @iggel By
s,

HEWR/ #5 5&% 5 NH, € OH %71 =5 Efr
WHEY ERZAEE, Fe.EDTA R #49) M{EAdA
nA HEEWCT #fl e &9 FEHhEEeE
R 3lz, o] PEIgEYY BEMZ Eitsc Ao
& H#EER Y o] il i3 MR o Sl
P& B-ligand- B RIHIS] BE#EME #HES of
42 BAEYA RadE hLSRBE Fe 2 ElEst
3 ligand & B o 24 olFej e HWitA #HE
T s MiEHe s N BARERY B €
Warburg G E #EHstd &%= BERS] 2R%E
+ —E3 dz BER ¥ #%e THE #tAVe
EREEC A% KA FHE £ QU

FigA A = BIRIENA £REE i WiEHTE
8 ligand & (o] & P8, HEE{tdkd &
H#Y0 BERF LR S MRFEC dg K
BT At

REHh*E
1 B H
¥ oEER #d=5Ba%, EDTA, p-aminophenol

(HE#R) o Mike ES HEd 239 HRY AL
st o,

ABLERE

Nierilotriacetic acid (NTA), N-hydroxylethylethyle-
nediaminetriacetic acid (HEDTA), 1, 2-cyclohexanedi-
aminetetraacetic acid(CyDTA), diethylenetriaminepen-
taacetic acid (DTPA)¥ Dotite chelate R R#P2
=/ st

2 HEH SR 3 AR

RKIEET #, EOTERNA Hfikoz SRELE
o EERE SRS ¥ BiEE B2 U B8
o, @ES BEHE BES ¥, HEUEFGoZ fafn
A7 2 methylethylketone (MEK) .24  HiHidt &,
MEK & HERZxA 2, &RAAL

3. Ligand % WEHH

EEN(p-aminophenod) 2l BEF 0.0133 mole/l 7}
HE BRe Bz, #HPEd BY=EwaEs &
ligand & {(#FH3l9 Fe(N)-HEDTA, Fe(H)-CyDTA,
FeCH)-EDTA, Fe(M)-DTPA 9 @R} £4%& 0.001
33 mole/lo} Sl 2 & AW ¥, Warburg REEFE £
mEte, FRHs HEREBKS s S9EKR
S Endle] RENE, EY/EEBY ZiHE 019
x5 —Ed dRed, o™ pHE @E}oA i
2 pH7t 52§ SRt BN 44 AR
(dil. HCls} dit. NaOH {Ego=)sld EGozs
RS o, '

4. BARH @RRE

BEHHY BRRES 48T MR A A3 2
8} Zg Warburg B E M=, 28F 3
(Fe-EDTA] + (M} & —5E3] 3tz (714 ME BER),
(M} / {(Fe-EDTA] + (M)=Rc el 4, o] S M ReE 0.85,
0.70, 0.60, 0.50, 0.40, 0.30, 0.20, 1.0 o &2 $#{LA A
ol BE&S MR ¥ BRBUKEE=SE K3},
Bl, BSHYHVRCl BEARES] THSHEY A Bew
BEEDART 2 BETAAN RAEARES Y
WA "ot |2t & Reof 9)3hd BERBREGHEE plot
sto] HEA HAME el Re & Rsid, o] Re
2XE B4849 #HKe pEdcl,

5 M *

FAREWER, THIH L BEBMES Higs
9 2L KB L H¥er FYUL

R ER

1. Ligand H2| 2R

Fe-EDTA #£%5& (# 3t A% p-aminophenol S pH 8
BEAN BAKES vehls A2 55 dgalfile] 31
o] OH- o] Lol 8l HE&KE] (iR T84,
ol WifolA #EFutelt, EDTA )49 ligands
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Table 1. Oxygen uptake in the Fe-EDTA system

in Warburg apparatus [M)=0.0133 mole//, (Fe(E)-EDTA}/(M]=0.1 {mole) at 25°C
\1=m0numer, pammop‘nenol

pH

Time(min.) 2 3 4 5 6 B 7 8 9 10 _ 11 11.5"
5 0.65 0.25  ~0.17 0.57 1.1t 1.86 2.95 3.70 5.00 4.30

10 0.97 0.60  —0.03 0. 60 1.97 2.85 4.70 5.80 9.95 8.70

20 0.95 0.45 0.00 0.75 1.65 1.27 875 0.0 1515 1270
30 0.88 0.48 0.08 1.08 2.08 5.20 1258 17.4) 2760 25.80

40 0.85 0.45 ©.20 1.45 2.53 640 15.65 2549 - -

60 0.80 0.30  —0.10 1.99 3.50 7.32 21.30  23.20 — -

9 1.60 0.3  —0.25 2.95 5. 30 2. 40 2%6.00  16.39 - -

120 1.20 010 —0.20 5.70 6.10 9.60 _ 1180 - .

N.B. Data in the table refer to the readings of the manometer in Warburg apparatus at the corresponding time,

Table 2. Oxygen uptake in the Fe(D)-HEDTA Table 4. Oxygen uptake in the Fe([1)-DTPA system
system in Warburg apparatus, {M]=0.0133 mole/!,
in Warburg apparatus,  (M)=0.0133 mole//, (Fe(I)-DTFA3/(M1=0.1 (mole) at 25°C,
(Fe(M)-HEDTAJ/[M] =0.1 (mole) at 25°C __ M—monomer, p-aminophenol o
 M=monomer, paminophenol Time P 5 6 8 a 10 11
pH {min)
Time 3 5 » 3 g 1 1 L S
Cmin) 7 T 5 0.45 0 40 070 4.45 3.55 4.05
5 030 0.5 LGO 2.28 33 6 09 4. (h 10 0.40 0.5  1.20 860 7.10 7.55
19 0,10 0.6 L6 3.7 7.20 iL.§ 7.20 29 0.45  0.80 1.62 16.40 1620  13.00
20 0.10 0.85 2.8 3.7 1370 22.60 13.95 30 0.8 12 210 21.55 215 2235
30 0.13 1200 4.25 7.73 18.3) 22,25 19,50 10 0.95 1.65 2.7 26.33 28.95  28.55
4 0.30 165 6.10 9.8 21.25 — 24.10 60 170 220 375 340 — -
61y 0.20 202 7.70 1L5) 26.60 — 3200 %0 28 29% 34 40— -
90 0.13 2.62 10-82 1800 3150 — — 124 ¥ 3B L1 — - -
120 0.20  2.40  2.30 22 0‘." — - - " N.B. Data in the tahl-f:_.r_c_&.r_t_o_tﬁ_e-z;a;lgs of the

N. B Data in the table refer to the r«.adnms of the ma-
nometer in Warburg apparatus at the correspond

manometer in Warburg apparatus at the
corresponding time,

ing time.
A HEDTA, CyDTA, DTPA %< tjstel Warburg
Table 3. Oxygen uptake in the Fe(@)-CyDTA system BEEA MY DS A S e
in Warburg apparatus, {M)=0.0133 mole/!, Table 1~4°] et o]5 Table 4] 94 gla=

Fe(E)-CyDTAY/(MY=-0. 1{mole) at 25°C, - -
lEinmonomyer ,-"-aminophem:? “ e stehzte]l pH 5 pATAME A2 WMl oo o,

STy TSRS s pH a0 elA WS B2, 2 BLES) plie] 4

. P ] )
T ST 8 9 0 L e el 10 me MlikRe) 4 MAE MRS
5 0.50 0.36 0.75 215 410 3.55 Bl sz shet
10 0.60  0.40 L22 620 8.4 710 Fe.EDTA %A pH 102 2% REER] 40504
20 LO0 120 1.30 14.25 2215 14.35 Warburg #3EFF9) 8o BEE (25.0F vehy =
30 1. 10 1. 60 2,10 20,70 24.03  20.90 Fifine] #&iRsked wo} 3Zo] Fojizlz ko] HiEs=
. . 2.3 5.43 28 26, - o -
9o LW LT 2 B B B wa o e B SEEIRez MY
60 1.0 255 360 2010 3220 3150 ceingn ) e
9 0.8 3.35 495 — - — "R f ehuleh,
120 2.35 505 6.33 — — — o ligand #E{bol| «1& MFRUMELZ JSPHPRE

T T T REELP (20 53 LAR)ell A pH ol vl 3te] plot 3} 2 Fig.
N.B. Data in the table refer to the readings of the o o . N oo el N
manometer in Warburg apparatus at the corres- 13 ek Fig. 1A B = Fmd, Bislol Rl

vonding time, kS Fandt ok Hdshe] 2ol B g
BAEEZ <% #i59 (ERe 934 24 Riffew
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Figure 1. Comparison of resction rates of several
ligands to the pH change
O HEDTA, x; EDTA, A; CyDTA

@: DTPA, (J; alkali only
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Figure 2. Comparison of the catalytic action of
the several complexes at pH 8.

pH 10 BRI A BAME eb At RERRIEES
ol 2e] EEE BTF9c(Table 1), o= pH 10 Bl
AAE ALEBel A2 mkFHEsE e iEtkel ¥
sl o £ol e} HEPIsl G, v So] of EaFAE pH
7k 9 e Lkl d+% BIKfEel B Ao

MEFRT, Fe-EDTA @8t BREKEE
ehdl (A7) pH 8o glojA ligand el =& H#HS
MEREN o258 sl 2 Fig 29 Ao
Ligand ¢ FEAZEERS S #%0) TEEEHE B
AR BEAY. FHBKAA #AY ligandsd
Wess, Fe (Bt S #% 2 2 AREEHE o
&5 2,

® KBbiLEeE

N o
CH,COOH // e/
NTA i o=
(Nilz')i]otriacetiu N—CH.COOH
Al NEH,COOH 4 B
HEDTA ,OH

(n-Hydroxylethylethylenediaminetriacetic

acid)
HOOCH,C CH,CH,OH //
: > ~CH,CH:-N / o N
HOGCCH,C CH,COOH
5 HEEEQ
EDTA @]
(Ethylenediaminetetraacetic acid) N/_.t__o
HOOCH,C CH,COOH \F /
NN-CHy-CHp-NC
Hooere” ey coon N~—5—
\
6 HRRAT
H
DTPA '\é——
{Diethylenetriaminepentaacetic acid) /
HO \‘"o
6 FERCLY
HOOCH,C CH,COO!:
ON-CHLCH-R-CH, Cttg-N
HOGCH,C CH,COO
CHCLERH
CyDTA
(1,2-Cyclohexanediaminetetraacecic acid)
L/ CHCO0H @,N
ng NCH,CO0H //Fe\ /
H N O
\/\N/CH:COOH
NCH,CO0H 6 ﬂgL,_,f_\L

&= N 2] BEfrs A#m Bt o<t A
© B A Foll, Fidol HRE R DA} 8
T HEE ez BEHY 99, 9y BEP
Rl M= pHell oelN HREYL BEslm  carboxyl
group o] ETFHE7 BLShy) = Foll Mo ) BB
i #9 FoEiel TRERLE. B 4 Q1 FHFo
pH 75 e o5 ligands+ LMz 2& &
e 2HZ R, AR EAFRA golA DHIBRH) of
& &0 BERI RE8HS HEddy: Be |
fi R —EE2 Yo B RASPHERY 3% 2
do| Eflel FRArAEe BmE, (EEY FRE
BE&HDHUEE 85314 ¥Ac)d. EDTA, DTIPA,
CyDTA £ Fed} 6HEHE 3z 07 AT #
st BESYE BPREN s O@ER)’I Fe2 3H
RMEs =, 2e)o] BEMT Bz ¥ Zeld,
EE7 91 HEDTA oA & Fe o} 5 Hfitfr & 2 917
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Table 5. Effect of chelates on vield

praminophenol 200mg
(Fe (M)-Chelate)/(p-Aminophenol )=t i
1.0 40ml, at pll 8.0, 21°C.

Reaction time: 22hrs.

&7 o ikl ithe WHAIEAC % Aminophenol o] NE{LAH T

FEEECL) 125

AR e vdehis gley, olend REEERS
AAE 2 HEDTA o » 4 95% HES WEL,
w3 v 22 NTA 01]241-‘— 10099 $eZ&-g Ve g
H(Fig. 3), =) #RE #Bre RWEZEEET A=
BEgHS Mol Bt AAcinz {fFol ET3e
MR =R, RS RS 34 Reginiiae
ﬁ‘iﬁ‘{st% PLAREER Sl

. REHPO BERE
»,Loqu o) skiko) i

AR SllA JEE 2

Yield (%)
Chelates Acetone Acetone Total log Raa
sol_ fraction insol. fraction :
NTA 73.7 24.3 0(}. 0 15.9
HEDTA 45.0 48.6 93.6 15.8
EDTA 36.2 0.6 86.8 25.1
DTPA N0 53.5 83.5 27.5
CyDTA 29.2 50.5 89. 7 29.3
o re;‘_e;nto_t‘]:e stabiiity_éonsants of Ege complexes,
100 r—0 Y T
o
L 90F 1
D (] o}
N ~o
x ~ ]
-;:’ 80
70 1
0 ¢ Il i 1
T 20 25 30
|Og KMA
Fizure 3. Relation between stability constant

and yields

wh el Uil Bl WEARCE AHs Rivs) 2
Fo2 RO MKl HHE Aol BMs ew,
SIS Fig 204 2] gl = - -Fdlz ¢fct

8k pH 8 21°C o A 22B5HHE-QF 755 BAAA
FAZLE o) WG 2 fuaieel e Eish
e a%ﬁfﬁw_ Table 5011 bl vt ZEERCT B
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Figure 4. Gxygen uptalke with timre for various
monomey ¢oecertrztion, 'Monomer)/
(Fe-ELTA)+[Monomer), (Rc) at pH 3
in Fe-EDTA system(Continuous variation
methad)

100 T T
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Figure 5. 0, untake with time for various Re¢
values at pH 9 in p-aminophenol-Fe.
EDTA systemr (Continuous variation
method)
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HOpe) RS sk A, Warburg £BG
& (Flistd 2EE S (FeEDTAI+(M1E ~EE
st IM)/{(Fe—EDTA)+(M}} (Re)ol HE #iL
AFpA A (FGr]A M=[\-amin0phcn 1, gﬁﬁ{tﬁ‘&
el 22 sted, 44 pHol detod BT HRE, T
pH 5~8 2| ikl Xz Re o] & Lol 9lo4 B’éf’nﬁli'—.l
MFRIAL R e oA GRBER7 B, 2 pll
4 LFel A, pH 9 LA kol M REAIRHQ @Rl
dejubrct %2 A4 pH3 B pH 9o Ao} afisiol

ol
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E BREEBMMRS Fig 4 B Fig. 54 %% s
Wik Fig. 4o &4 Q& vhelzdo] Re=0.85, 0.70,
o] 4ol glo]A pH 34+ BRBM S — TR
% Wi ERE e, ole rhas] #EE %
ot wald REEYS HBe #EEdc pHod o
Ax (Fig.5) £4 TRAA BIRIE) Yo dE £
wEz vk BES fastd Resl MRBHGEES)
9 BFHE 24, Fig 6914 ¢ 4 gevted 2o, Re
=0.5e4 BAES Jebde, pH 6.5v 79 2%
BEstch o] BEre bl WeiT BB
B BERMAA Karsls pH 5~8 ol A £ Fe,
EDTA 9 BFE#Q  p-aminophenol &, Fe-EDTA-
monomer K42 BMR{-LT Bt Ao

o]z¥¥ pH 328 ¥ pH 9 =& 2 LlEdAE
REHS 89 SF7 Loivte Aoz HEEs =,
TRAHY BIRES) Lot pH 5~8 Hifel Al =
Bl gl EAREC dolvn, BE#HE Fe
EDTA-M H9j @ikl ol BEslct, =ty X HARE
& o ea Fe Koew B S A,

O -
s o] o
N—/<—,e—\o/ Nécg—\o
(0}

Mixed Complex
—>Polymerization
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Fizure 7. IR spectrum of the water soluble
by-product

3. BIRmERH $

g3 A deivte BIRESRGE KBt 4
FIBES H EBEA RiBho] 94°C, 270my oA An.
7t BE mRSFERE C 63.25%, H 4.05%,
N 5.98%0]v, #HoRa™ e (Fig. 7oA 1650cm™
] quinone 8] v, o) WERE = BT BKUH7 B
(FE&1E Kt o B3 S 3 Zo2 B8 quinone
BS 1A 2EBREES Aoz #EIY, TEHSINE
SEHK C.H,NO,) 2 BFERMEe 2 Y}z
o gninoNiminefZo] K0 Z quinone o2 3}

KELREE
2 @md ottt el e
OHE 7 el AR g2 HEDY,
f #

Kol Fe-EDTA #&4he] BEfEA o1& ».
aminophenol 8] E&KER] ol 3 KERREES $
314, EDTA £ fEf3te] MEFET 6Bk REAA
BRkEe vl = pH 804 Aol =Xz EDTA
L4l HEDTA, DTPA, CyDTA &¢& {#FHPSH
Warburg K5 o8 BRRREE ¥ REEE2YH
WA SR, ligand Mo #ibol =} & Bio] BRI}
B aite) 6 EES7F St EDTA, DTPA, CyDTA 9
BSac SEREME $ HEDTA #6459 37 BE%
WegEst o wad Sk 22 EETAA —ERE
RIEAT R B 3lol 4 = 6 EEREAr & ¢ EDTA,
DTPA, CyDTA 9] AL yc) 5KERfrE § HEDTA
¢ A4, = HEDTA &) 2t} NTA ¢8| F ¢ 7
7 fzpe] H molAle BEE Bkdz dor, o iF
R EEEREW 2275 fFe] dolde @S
vehinl, o] RELHARE Pl 244 Wity
W BERCl BE&DT PRIz 288 BRBA
EiELE o] g REgds sl

BEE&HEDS A, BRI BN R R
RIS B4R Lolvie pH 5~8 il A& HE
8l 8840 1:19 HA2Z 81 Fe-EDTA-monomer
o2 Jepsle e

pHO =& 2 [l LM+ OH™ o]-29 g2 ik
gEipo]l FRETA Heol Ekel ET3hx, MR} &l
RFEo EFHA =He, SRz KB quinone
%Ze afde 2B #HEEE WEY £,

T2 FREE BT loiM RS EHE R
st FA B REHEAR BR, B 158 Higdl
& Eatt R #ES o F4 BAR 55T
HER FEEE KE HEL 2 B8 L0 REeEt
S Warburg 5EEGtel 43 @EIH 2 &l e
RHET B FA AR REKBR BRPE BN FE
B, =% BRG] At B REWE 2o T
A BEARE B8 KEHEL | FTOER s
B FEY HEE Lote wledvich,
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