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Q% N2& 45 Ay FAX-AAMN0:)A 2]7FE N N'-Bis(2-hydroxybenzyl)-1,3-bis[(2-aminoethyl)amino]-2-propanol
(H-BAP-4HCHE A3t H-BAP-4HCI9] H= =4H7]19) para x| ol B&E, 4, WE A]7] 2 HE7]E 714 Br-BAP
4HCI, CI-BAP-4HCI, CH;0-BAP-4HCI ¥ CH3-BAP-4HCI G482 314 3Fgict. 2} 2]t = o] 3laht 2= C, H, N Y4844,
'H-NMR 2 UC-NMR 23, 294 23 2 Aep 24002 ko] HIatsich. e H NiOsA| el7h= o] 2917 49 WS
ol ate] AIALE PR} T B2k ol AL e ) B2 Ak (logK,ZkS LR 9L, 2} l7h= o] opah B3t A
(logBp) 72 Br-BAP < C1-BAP < H-BAP < CH;O-BAP < CH;-BAP2] 224 & para Hammett 2] 3+7]442(c,) 72| 2249} &
o7 Z ARSI 7t HUEST Holg&(10) o] 259 e MY =/ (logKme) e 2714l Co(Il) < Nl(H) <
Cu(Il) > Zn(IT) > Cd(IT) > Pb(ID) = WEbEiT). o|uf] 2} 2|7t =53 o5&(1D) o] 59| A= /4 3 2xt=e] &2
el it 9ol 27l Aok e ke e oL,

FHOL: A A-ATANOs) A BTEE, AR THA| B e 4, 2HE P A

ABSTRACT. A new N4Osheptadentate ligand, N,N'-Bis(2-hydroxybenzyl)-1,3-bis[(2-aminoethyl)amino]-2-propanol(H-BAP-
4HCl)was synthesized. The hydrochloric acid salts of Br-BAP-4HCI, ClI-BAP-4HCI, CH30-BAP-4HCI and CH3;-BAP-4HCI contain-
ing Br-, Cl-, H-, CH30- and CH3- groups at the para-site of the phenol group of the H-BAP were synthesized. The structures of the
ligands were confirmed by C. H. N. atomic analysis and 'HNMR, “C NMR, UV-visible and mass spectra. The elemental stepwise
protonation constants(logK.,") of the synthesized N4O; ligands showed six steps of the proton dissociation. The orders of the overall
dissociation constants(logf,) of the ligands were Br-BAP < CI-BAP <H-BAP < CH3;0-BAP < CH3-BAP. The orders agreed well
with that of Hammett substituent constants(c,). The calculated stability constants(logKwmi) between the ligands and transition metal
ions agreed well with the order of the overall proton dissociation constants of the ligands but they showed a reverse order in Hammestt
substituent constants(c,,). The order of the stability constants between the transition metal ions with the ligands were Co(II) <
Ni(II) < Cu(II) > Zn(II) > Cd(II) > Pb(ID).

Keywords: N4O; heptadentate ligand, Stepwise dissociation constants, Stability constants
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sfof chepet Fele] HolF4(n) 2% Sol FH4=lo] 3t

of 2] A2 A2-AENO)A BRHEL Aol F(No] SR BA AT, Mg Fu) 2L B HYEAS 5 o
2ol T3l FAURR Wt Ak, olx, AR okul7 & Gk okol S-6# 1 Qle.

Sfolan, thsie i) W Ay 2] SO SEs12 9] ol ok gefel ofel Al 4 g el
2 ret. o)) 352 ortho, meta U para A0 AF]  Fo|A A AE] AhAMNO)A ZHEE ol
(NOx-, Cl-, Br-, CHs-, CH30-, CoHs- etc) 2 7HA| = 2| 7t= (II)O]QILH'I(ML)_J ohal 2R =2 WA e
o Agr)o 27 W 91 we} o2 Fejo] saESol oA A ool AF B o7 Ae] HAAANO; B
PAE QI FAE 27hE o] i A= o] 84T NOgAl 2IthEs ZAieiake] Zhg7]o] Fejol whe
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2:1(ML)9 o] 8 2 0] AAE it olek ol
TrEo] AR 2ok A-87] FEl= 2he e Sl A
P v A B2 TR FEj Q] o7 A2 BRt=Eol &
g=|o] A AL glek. AF7HA] NyOoA| 9 2 =59 9=
T2 AL 7] Hte FEH = FAHAA Holg&(1D
S HEA E 5502 2bEof Rt B A7 st
Al A= o] g},

FZol= NuOs A L5 A A2 7] 2jgh=e) Ao
S A F o F&o] 20 Tl 2hFof o gt sheht Yl
A Holofl et Ate BHarEar ik 11 of| = ghekA|
o F4:0] 2H A72] 5 Essig 5> Ln(Ln = Sm, Nd)
o 328 Tstol XA Beon 2ol shalyas
FHHAIL, Yang5" & Eelof @] Eetotyle] At
ABSIES HHEAIA AZ @Y) BBEE Aol
Gd(IIT), La(IlT) B Yb(IIT) &< 2Ha5 e ske] afeht=
£ Aehaieh. 2ea Mol Al E 549 2HE A7 H -
& 2 Beras'*& w3 52417] A |9k 4} ol 7] W] A
£ Egsh=E Al 971 NyOsA| 2ZF=9] Mn(III) 2H=
MnNsO>E §Hdsto] apttz Bl Hxpdo] S A+
319132, Hassan 5% N4O3 7] A2 7] 2]7F= <} Ni(Il)
8 Cu(ll) 229) 254 A7akaict,

o oof A Al 7] Bt =SS Hola& (D)ol 2s
I 2HEE & AGSHANE A 7] 2Rh=g] ofulY]
(-C=N-) o]F AT 7kl | sfj2]7F dofuhr] 44,
G 717} o] 7] wjzoll 8- Wl Ab G-l of| A A
& 4= fle &S 7HA1 AL Qdek. webA] NaBH, 22 2t
HAE AREsto] Al 7] 9] o|nl7] o] T aTS T A
oz shdA 7| =8l Bl A g-olof A = QFg 5|
ol & 4 e AHS 7HAA "t wEhA FFol=
N4O3A| A|Z 7] 9] o] 17| 5 A A A o] 7)o
o] ZHEL Q7 o 2 Xie 5 7 £A} Fof =
7ol T e d, ] 7112} o]z} ofnl B 7k 7| o] L& 44t
£ X351= N,N'-Bis-(2-hydroxybenzyl)-1,3-bis[(2-amino-
ethyl)amino]-2-propanol®} Co(I) ¥ Cu(Il) o]} 2}
B QAste] slelpag APk, Wong 57 2
N4O3 2 N3O 7| 2]7H=9] Ga(1ID I} In(IID) 22 2Hd st
o] X-Al EAY 0.2 242 0| skt g AT ot w
551 91 oleh Zo] NyOuA| 27k o] Hol F4(l) 2+
of 0] gt I ths Lok, o5 7} 2j7hE g
WA A e B 2 R A e A4 A9
719] F5 2 fA|of| wheh 2|27 Aol whEh ojH S-S
YeER = 7kl thiet dt= 79 gl

2 Ao A= = BAF ol o3} ol 7]E ] 7,
dE 47 3 7 A HEm 4] F S 7
N4O;7] 2]7F= N,N'-Bis(2-hydroxybenzyl)-1,3-bis[(2-ami-
noethyl)amino]-2-propanol(H-BAP-4HC)E g/d5141 1L,

H-BAP-4HCI #3574 4471 9] para$i 2| o] A= 371+
A 2+7](Br-, Cl-)3 HAE Wojl= 27| (H-, CH;0-,
CH;-)E 7}l N,N'-Bis(2-hydroxy-5-chlorobenzyl)-1,3-bis
[(2-aminoethyl)amino]-2-propanol(Cl-BAP-4HCI), N,N'-
Bis(2-hydroxy-5-bromobenzyl)-1,3-bis[(2-aminoethyl)-
amino]-2-propanol(Br-BAP-4HCI), N,N'-Bis(2-hydroxy-5-
Methoxybenzyl)-1,3-bis[(2-aminoethyl)amino]-2-propanol
(CH;0-BAP-4HCI) 2 N,N'-Bis(2-hydroxy-5-methylben-
zyl)-1,3-bis[(2-aminoethyl)amino]-2-propanol(CH3;-BAP-
4HC) 2Rt ESS s S/ NuOsA =Rt =S
o] FAgA} @A seld4(logKa") gk Co(Il), Ni(ID),
Cu(ID), Zn(II), Pb(IT) B Cd(II) ©] 23}2] b5 P &= A=
(logKw) a2 A 13F 274 W02 24 35o] 214 Fof
She= pHElE ]85t AlAFstAAtt. &4 E NaOsA| 2t
2 7rEE ] A4k logK, 9k o] 0] 23-9] logKme
ol A1&7] FFoll Wt para Hammett 2] 27]/d=(op)
W o A E et = 7He A 2 Hal HES}H
Ade/do] e M= Aol E Al ef 7l 5ol 712 A
25 daA gtk

A|oF & 7]7].

Y 7FE 9] 3 of| ARS8 Epichlorohydrin, salicyaldehyde,
5-chloro-salicylaldehyde, 5-methyl-salicylaldehyde, 5-bro-
mo-salicylaldehyde, ¥ 2-hydroxy-5-methoxy-benzaldehyde
7141 oF 2 2HA A = AE-3F NaBHai= Aldrich Al S+ Al
oFS AMGITE. 21 2 F4lat o et vghe

+71-8 = FlukaAl] HPLCH-& AH8-3H3ATH

WA E 7L 2rE 9] 3lehA] 54 ARl of| AR A o)A
4> AHEZH LS Mattson Instrument AF2] Genesisll
FT-IR £33 F A5 AHSF e m, HA &4 AHE
2 Molton RoyAF2] GenesysIl UV-Visible 4 I = A&
o]g3t9tt. 'H-NMR 2 “C-NMR AHE# Varian
Mecury 300 NMR E337| & 0] 8319 11, AgFAdHEHLS
Shimadzu A}2] GCMS-QP5050AE AR5, YAE
412 ElementarA}2] Vario ELS o|-&35}% T} gHAl of) A&
H YZFwHt7) = AldrichAFe] SK-12DE ARE-5Fich 1
2] 31 A @2} A AL Metrohm 776 Dosimat A= A A 7] 9}
Metrohm 692 pH H[E}& AME-SFITh A A1 o] &%= 24
& MetrohmA|| 32 A7} Jeio Tech Co. Re-10V 22 &
ARE-3FA] 25+ 0.1 °CE TG A)7| 1L A 35kt

ol 4

ot

AF &) NOsA| 27HE FH4.
1,3-bis-[(2-aminoethyl)amino)]-2-propanol®] salicyald-
chydeS WFS-A]7] 11, Egt 60| w2} 9120l A FH] 2
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a4, BE wEy] 9 glEA]7]E 7} 5-chloro-salicyl-
aldehyde, 5-bromo-salicylaldehyde, 5-methyl-salicylald-
ehyde %! 2-hydroxy-5-methoxy-benzaldehydeE 2+ Wt
A7 Theat o] RHstant.

1,3-bis-[(2-aminoethyl)amino)]-2-propanol-4HCI
(BAAP-4HCI)2] 3HAL.

BAAP-4HCl g2 500 mL &2} 39| ethylenediamine
(200 mL, 3.0 mol)2 @31 Yz} wHt7| S AR50 4°C o]
5}=2 Z}71A) 2181 & epichlorohydrin (23.2 mL, 0.3 mol)&
oF IA|7F 5% 3] A 7F 3t} 2717 b w Ao
Al 24A17F &9t WHEAL 7] AL, 10A]7F F-9F 2Hg iHEA] 7]
H e HIx| A 0] @ 5 A=t} o] &S A27HA] Y2tet
T} NaOH(14.2 g, 0.35 mol)2 A7} & 1A|7Fo] Fot L
HHA 7] 3L, 55715 AHE-Sho] w551 2t #2419 @
A S H e do] Htk 555 2 dofl HHClIS M7t
oto] pH 4 == v 24 JdEo] g7tk A8 E
S A E2 of ok S F5ko] ofstaL, of o thA|
A3t HCLE: 7k 214 o] 7 Eo] dojAA €t o
o AL ol k-2 = 81 (90:10 (viv))oll Al A2 7 5}
1,3-Bis-(2-amino-ethylamino)-propanol-4HCl-& & +=t}.

Yield: 77%. Calc. for C;H»N4O-4HCI: C, 26.10; H, 7.51;
N, 17.39. Anal. Found: C, 26.28; H, 7.47; N, 17.22(%). UV-
vis(water), Amax, nm(e, M em™): 201(61), 288(13). IR(KBr,
cm’): 3200(vO-H), 3245, 1584(3N-H).

'"H-NMR (DO, ppm): 3.24(m, 12H), 4.17(m, 1H). “C-
NMR (D,0, ppm): 35.43, 44.57, 50.43, 62.93. Mass(GC-

/\ o)
H,N NH, T /"¢
/N /N HCI
H,N N N
) H/\/\H

OH

mass), m/e: 177(M"), 44(base), 56, 73(frag.).

N,N'-Bis(2-hydroxybenzyl)-1,3-bis[(2-aminoethyl)ami-
no]-2-propanol-4HCI(H-BAP-4HCI) 2] 3}H4].
H-BAP-4HC19] A2 of| g2 30 mLoj| g4I BAAP:
4HCI(3.2 g, 0.01 mol)} salicylaldehyde( 2.16 mL, 0.02 mol)
2 75tel 48 A1 50 45 TUHA A FPAIsHAcE A E
eIt kS ofo] 51 % 02} 3| 8 A oo
4°Co|3t2 L5 Wolmel ¥ NaBH,E 234 7}5to]
ko] 1 AfebA] 3 Aol B u7}A] WS 4171 ThS
HCLE 743 pH 6 A =2 Z31A] 7] 214 34120 A4
stk QAE S8 AR of v IS Fate] AAt

11, o012 s mLo|3lt HlEE 57| 2 7 SR
of W& 20 mLE 7}5}aL o} 7]ef) 21 HC1 -89} 47}

sho] WAL A 2447t 5QF WrAISH HAFE Q1 NN
Bis(2-hydroxybenzyl)-1,3-bis[(2-amino-ethyl)amino]-2-
propanol-4HCI(H-BAP-4HCl)o] A o] At}

Yield: 45%. Calc. for C;;H3,N405-4HCI: C, 47.20; H, 6.79;
N, 10.49. Anal. Found: C,46.70; H, 6.64; N, 10.37(%). UV-
vis(water), Amax, nm(e, Mem’™): 222(736), 258(680). IR
(KBr, cm™): 3200(v0-H), 3425, 1584(8N-H), 1614, 1492
(vC=C). '"H-NMR (D;0, ppm): 3.34(m, 12H), 4.14(m, 5H),
6.82(m, 2H), 7.19(m, 8H). "C-NMR (D,0, ppm): 42.45,
43.50,47.62,50.44,62.90, 115.72,116.85,120.75, 131.94,
131.97, 155.21. Mass(GC-mass), m/e : 388(M"), 44(base),
129, 191(frag.).

1)4°C, 2hr
—_—m
2) NaOH, reflux

_Hal « 4HCI
NH, H,N ”/\(\N NH

on H

Scheme 1

o)

T

5 -

HoN N N NH, + H

z H/\(;\ ’ JtO/ 48 hr/60°C Me-OH
HO

NaBH4

G TR O e

HN
T e

R= Br-, C|—, H-, CH30-, CH3—

Scheme 2

2010, Vol. 54, No. 5



544 S - o= - A%l

N,N'"-Bis(2-hydroxy-5-bromobenzyl)-1,3-bis[(2-amino-
ethyl)-amino|-2-propanol-4HCI(Br-BAP-4HCI) 9] $+A].

Br-BAP-4HCI $Hd-2 of|ek-2-30 mLof| BAAP-4HCI(3.2 g,
0.01 mol)™} 5-bromo-salicylaldehyde (4 g, 0.02 mol)& 7}
5to] H-BAP-4HCIZ} -2 ] 0 = 343t giTt.

Yield: 50%. Calc. for C;;H30Br,N4O3-4HCI: C, 36.44; H,
4.95; N, 8.09. Anal. Found: C, 35.75; H, 5.01; N, 8.02(%).
UV-vis(water), Amax, nm(e, M'em™): 230(780), 277(680).
IR(KBr, cm™): 3200(v0-H), 3420, 1540(8N-H), 1600, 1491
(vC=C), 580-610(vC-Br). 'H-NMR(D,0, ppm): 3.21(m,
12H), 3.44(s, 1H) 4.15(s, 4H), 6.74(d, 2H, J=9), 7.36(t, 4H,
J=45,8.4). "C-NMR (D,0, ppm): 42.71, 43.59, 44.71,
50.55, 63.00, 111.63, 117.76, 119.05, 134.26, 134.39,
154.68. Mass(GC-mass), m/e : 546(M"), 44(base), 129,
159(frag.).

N,N"-Bis(2-hydroxy-5-methylbenzyl)-1,3-bis[(2-amino-
ethyl)amino]-2-propanol-4HCI(CH;-BAP-4HCI) 2] §H4.

CH;-BAP-4HCI 82 of|E-2- 30 mLoj BAAP-4HCI
(3.2 g, 0.01 mol)™} 5-Chloro-salicylaldehyde(2.72 g, 0.02
mol)<- 7+5to] H-BAP-4HCIH} 2H-2- H o &2 3Hd 53t

Yield: 47%. Calc. for C23H36N4O3-4HCI: C, 49.12; H,
7.17; N, 9.96. Anal. Found: C, 49.05; H, 7.25; N, 9.85(%).
UV-vis(water), Ama, nm(e, M™'cm™): 231(720), 265(690).
IR(KBr, cm™): 3100(00-H), 3400, 1540(3N-H), 1578,
1509(vC=C). '"H-NMR (D0, ppm): 2.10(s, 6H), 3.20(m,
12H), 4.13(s, 4H), 4.23(s, 1H), 6.75(d, 2H, J=9), 7.05(s,
4H). "C-NMR (D0, ppm) : 19.60, 42.46, 43.59, 47.65,
50.48,62.94,115.69, 116.58, 130.52, 132.24, 152.77. Mass
(GC/mass), m/e : 416(M"), 44(base), 121, 129(frag.).

N,N'-Bis(2-hydroxy-5-chlorobenzyl)-1,3-bis[(2-amino-
ethyl)amino]-2-propanol-4HCI(CI-BAP-4HCI) 2] §H4J.

CI-BAP-4HC12] 42 o] E-& 30 mLoj BAAP-4HCI
(3.2 g, 0.01 mol)@} 5-methyl-salicylaldehyde(3.11 g, 0.02
mol)-& 7}5to] H-BAP-4HC19] g -2 vl o =2 3
Ktk

Yield : 41%. Calc. for C,H30CILbN4O5-4HCI: C, 41.81;
H, 5.68; N, 9.29. Anal. Found: C, 40.27; H, 5.48; N, 9.12(%).
UV-vis(water), Amax, nm(e, M'cm™): 231(680), 275(608).
IR(KBr, cm™): 3200(00-H), 3420, 1550(3N-H), 1581, 1487
(bC=C), 580-650(vC-Cl). 'H-NMR (D,0, ppm): 3.33(m,
12H), 4.13(s, 4H), 4.42(s, 1H), 6.98(d, 2H, J=8.4), 7.41(t,
4H, J = 8.4). PC-NMR (D0, ppm): 42.88, 43.78, 47.38,
50.67,63.11, 117.40, 118.65, 124.63, 130.30, 131.56, 154.22.
Mass(GC-mass), m/e: 457(M"), 44(base), 129, 158(frag.).

N,N"-Bis(2-hydroxy-5-Methoxybenzyl)-1,3-bis[(2-ami-
noethyl)amino]-2-propanol-4HCI(CH;0-BAP-4HCI) 9]
4.

CH;0-BAP-4HCl 34 ofeke 30 mLo| 3HA3H
BAAP-4HCI(3.2 g, 0.01 mol)¥} 2-hydroxy-5-methoxy-ben-
zaldehyde(1.28 mL, 0.02 mol)= 7}5}o] H-BAP-4HCIx}
e o m g

Yield: 42%. Calc. for Cy3H36N4Os-4HCI: C, 46.47; H,
6.78; N, 9.43. Anal. Found: C, 45.25; H, 6.01; N, 9.73(%).
UV-vis(water), Amax, nm(e, M™'cm™): 233(820), 268(590).
IR(KBr, cm™): 3100(00O-H), 3400, 1540(3N-H), 1578,
1509(vC=C). 'H-NMR (D0, ppm): 2.11(s, 6H), 3.20(m,
12H), 4.13(s, 4H), 4.23(s, 1H), 6.75(d, 2H, J=9), 7.05(s,
4H). "C-NMR (D,O, ppm): 42.68, 47.71, 50.44, 56.34,
65.58,63.04,117.15,117.15, 117.78, 149.35, 152.64, 152.72.
Mass(GC-mass), m/e: 448(M"), 44(base), 129, 221(frag.).

AYAAA el 2t =9 FAA A A
£4.

349 % N4Os 7] 2]7HE Br-BAP-4HCI, CI-BAP-4HCI, H-
BAP-4HCI, CH;0-BAP-4HCI & CH;-BAP-4HCIS <] ok
42 A FE g logKa ) 24 AAL BES 48
oHof| 0] 5.0 x 10° Mo| H =2 2A4|5}e] 0.1 MKOH ¢
7] #2 GHor A9t AT uf AP K] W=
pHZES S5 217 4 9] 0] 241 7] ()= 0.1 MKNO;
Z0.10] HEg 288, A7 8o o] o] s}
£ 0,9 COx9) FFS Fol7] Yall A7 |75 THAIA
2 A tgik. 7 2= S logK,"gko] A4S A A Zo
570 % pH gt Fortran77 2 WHZ0]% PKAS T2 151%
AHg-ato] AArstglet® ol 2]7k= 9] logK,' g2l A4
of B agh Fof o] &FH(Kw) 107 gke AHg-31o] A4t
steieh? 2e|a gro & FHE 7 2jzhe o] HAry A
= sy 2 gt

ANXAA ol 93t HolFS o] 27| PP = A4
3.

7} Ak 2] 7k= 2} Co(ID), Ni(IT), Cu(IT), Zn(II), Pb(IT)
2 CAID P 5890 2501 5.0 x 107 Mo] H= = 7}5}e]
0.l MKOH @7 3£ 8010 2 9|2} 243} uf 2% 0]
HolElE o4 o] &5 = [H'1E S48 2220 Mg e
AF42(logKur) 35 BEST 232 o] &3}0] A4al4]
t}. Aatol] AREEE 7] ZHE-2 2|7 = (mol), KOH
9] 351 (mole)2} Fuj(mL), G4 9] 27| 5 u)(mL), i)
A 42, 8 2] pKuwzk, CO,0] HAIE @ 271 5 7] 2] H
(mL)o] w2 pHO] W3} gHe 7] 2 ko 2 ARg3}o] BEST
sz 0] &) AAHE 220 logKa 7S A ATh”

o
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Zar 3

AF & N4Os A ZHTE=2) 4.

ol2] X875 7Hd A AH2] N4Os7| 2]7H= Br-BAP,
CI-BAP, H-BAP, CH;0-BAP 2 CH;-BAP 94112 314
BFTE NJOs A 2]7HE9] C H. N 484 Aib= AY
T AL gho] & A skt Yt eSS AojA S
29 EY A= Hlm7] f2ol S F4 B2 (Ana) 71
222 -2339}258 -277 nm W 9Jof| A = 7| &) E-0-2] 7} Lye}
ek o] Ak wlis $2417] 9F obul 7| & n—n’ A O]
oF WAl o] W= o] 5 A ol 23t non’ WAL Aol ¢
3 54 2ol el B-9-2lojh >

A o)A = A ER] O] Aol A= A 7] €] o]Hl
7)(-C=N-)7} 2.5 25| 0] 1650 cm™ A o A LrERHE
T4 B e Ve A] gro B R o]Rl7| o] 4} oty o]
o]x} ofRI7Z| 2 SAE k= A & 5 AATH NiOsA|
2]7F= 0] N-H A& A Z-2 3400 - 3425 cm™ ®H ¢ A] =
7 PGS, N-H 5 21552 1540 - 1584 cm™ ¥ 9o
A YRt O-H 41221523100 - 3200 cm™ # 9] o] 4]
W 27 e AL, WSS C=C o|F AT 415
Z1%-2. 1487 - 1509 cm™ £} 1578 - 1614 e’ ¥4 9] 0] 5= 3Lo]]
A F5 5527 Uebdth 218715 7131 Br-BAPS}
Cl-BAP 9] - C-Bra} C-C12] §<=5-2-2]= 580 - 610 cm’'
7} 580 - 650cm™ W $jofl A WA Lhebyter

'H-NMR A8 E 3 Avh= 7} 27h=50) 2 WE gk A}
&l YE 4] (-OH)o] 20 Yz 0] A= 3.44 -
4.42 ppmH Il A, AR A 0] 424=3.20 - 3.34 ppm]|
A byt lALY] = 7] ) 4= 6.74 - 6.98 ppm H 9]
oA LEREAL, 3 Q] A= 7.36 - 7.41H 9ol A LE}
Wt ZLe|u H-BAPO] 790l = 7.199| A Bl & 53
o] Uepgth 123 CH;-BAPS} CH;0-BAPS] 1€l 7] 9]
Al 9] F=a= 224 2.10 ppm, 2.21 ppmOj| A] 52| 7} Lt
ERyiT).

PC-NMR 23 E 8 Zibe 2HF2 g Al o] gt
42.46 - 51.48 ppmo]| 4] 4711 ¢} &-9-2] 7} LpeRREaL, wlAl ]
Ef B0 111,63 - 154.68 ppmo]| A] 67] &2 LFERFO.
H, T2 -8-0] =AM 7 Q1 B 62.94 - 63.11 ppm
o 41 gk 7] 9] E-9-2] 7} vEh B A3t 7o) 5927k Lt
Elstth. ®3F CH;-BAPQ} CH;0-BAP2] H€l 7|9} o &
A 7]9] Bk A 19.607} 55.60 ppmo]| A LEFTE.

A ~HEYo] Avl= Br-BAP, CI-BAP, H-BAP,
CH3-BAP ¥ CH;O-BAP2] 7$- B}l (M) 2-9-2]7}
78t of AegH](m/e) gro] wAbFol| dldsh= 544, 456,
388, 448 W 41601 4] 22 Upebytal, 71 B2l Ao}
o AeFal(m/e)gto] 440] ettt o] 712 592l A
W ek AR F YF24 -OHY} E£3E -CHC HOH
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Table 1. Pertinent data on para Hammatt substituents ¢ values(c,)
and "C-NMR chemical shifts(sC-O)

Ligand-4HCI 8 sC-O(ppm)
Br-BAP 0.27 154.68
CI-BAP 0.24 154.22
H-BAP 0 155.21

CH;O-BAP -0.11 152.72

CH;3-BAP -0.13 152.77

3.0 ajolct. 18] 31 Br-BAP, CI-BAP, H-BAP, CHi;-BAP
oA vehd 1299 £4 92 1-(2-methylamino-
ethylamino)-propan-2-olof| 4] 9F& W& 7] 9] =4 X7}
A A Fefo]az, 1179] £ 5-9-2] = 2-(2-methylamino-
ethyl-mino)ethanolof| A 52~ A&} &k 7|7} A A E F o]
th. 9ol 1A% C, H, N 9424, 'H-NMR 2 "C-
NMR £33, A o)A £33 9 AeF £A 0] Apar
g 2% 28] N4Os7 2]7HE Br-BAP, CI-BAP, H-BAP,
CH;0-BAP 9! CH3-BAPE| 3142 el = Q]I
hammett 2| 8+7] A<= His A oA 2187]7} 4=
A719] HhgA o S = A =S HFEH o2 Y
ol #= A7 of w45 2E 0] W AF4= gtol 2A 9
&2 Zr}. whel A Table 1= Br-BAP, CI-BAP, H-BAP,
CH;O-BAP % CH3-BAP 2|7t =59 #5447 ©ha
o] "C-NMR st8h4] o 5(:C-0)3ta WS skt
para Hammett 2|27 AF<=(c,) 4] 2715 374 Urehy
Utk Table 12] 4% 7} 2]7FH= 9] PC-NMR 3}8}4] o]
Z(8C-0)3}2) 7= H-BAP7} 7}4 2 3}8}4 o] % ghe
UEFY 9131, Br-BAP, CI-BAP= CH3;-BAP2} CH;0-BAP
Hr} 2 315H4 o]F gk UEFW ST}, Table 12] Ao
A op 3] A7100 = A= (C-0)3 LA|BHA = ke
U, AA A 0 2= vt A S et = 23S 449
o} AukA o 2 Bk ShhE O] 2|3 Ak 28] &
2 $1xo] w2t IR, 'H-NMR % “C-NMR 3}3}4 o5
ol @ 7] Wi2oll o 7hake] Aol et A-LE0]
o] WL1E| 31 ek
A2 Ho o3t 2|7t=9] FAt s gk 2.
FAAL A 32l A<= h(logKa ) Fig. 1o] 42} o]
5.0x10°M2] Z+ 2]7H= 8018 0.1 MKOH 7] & &
N O = A4S uff Mol = pH gk ©]-8-5ho] PKAS 2=
154 0 & AAVete] A4l gk Table 201 =533t
2]7H= Br-BAP, CI-BAP, H-BAP, CH;0-BAP 2 CH;-
BAP= HA o o2} ofql 7| & ] 7, Y& 4] g
e} Hliz A £ S 23S Qi) o) E BtEE
0.l MKOH < &4 02 AQA} HH & T 4 Uag
471 9] A= =84 alfE|uhg-o] dojuA] oF
7] w2l AL a2 S A= vk o] o Al ThA| =
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Table 2. Proton dissociation constants for Br-BAP, CI-BAP, H-BAP, CH;0-BAP and CH3-BAP ligand in water at 25 °C and = 0.1 (KNO3)

logKy"

Ligand-4HCI logk," logKy" logKs" logK4" logKs" logKs" logB,
Br-BAP 5.30 6.58 7.21 8.09 8.88 9.10 45.16
CI-BAP 5.31 6.60 7.30 8.17 9.00 9.30 45.68
H-BAP 5.33 6.27 7.99 8.80 9.00 9.25 46.64

CH;0-BAP 597 7.88 8.62 9.35 9.99 10.10 51.91
CH;-BAP 6.07 7.98 8.77 9.50 10.09 10.12 52.53
. CH;0-, H-)o] AA-E 7] LE(Br-, Cl)irt 2 3he
10 UEhll= d e Rl otk 919 Akl ol #H=4
° I FA719] A sl g2 A o SRl whE
3 . i o2 A% ThE 7k VR Stk 2] w5 0] 4417
. ra === G2 ortho, meta % para $17]°l| whebA = oh2
s °] 5 gand e e dTeE ok
‘ 4 com P NOA SIEES G7] BE §40 = A%
41 it _ _
afl s N A Y=o A AL a2 Hhe-AS tha
! . ol AN oA AL sfjefut-g-o 2 AT 4= Qirt. ofuf
0 1 2 3 4 5 6 =)= =
2} chAlo] whet A Bl 7% Bt S-S theal 2.

Fig. 1. Potentiometric equilibrium curves of H-BAP and 1:1 com-
plexes of Co(II), Ni(Il), Cu(II), Zn(1I), Cd(II) and Pb(II) in water,
TL=Tw=1.0 x 10°M; ionic strength p=0.1(KNO3); T=298 0.1
K; KOH=0.1M

A7} e s Elek-go] Yofittt.

7} 27k o] SRR T ol 2l uh-g-2 A A 1 of A A
o) A eof wel wA o]} ofal 7] o H7hE P d v 7Y
o] QFAAF7L G pHOI A Y] THA & S H 1, thgos
pH 9 0]4}¢] =2 pHO| A #4417 9] kAR T 7] <]
32|17} Lojut o] Al A sl 2juk-g-olch. ofu | 424
7] 9] A2} slj2]uk-g-0] pH 9 0] 4+o] d=-2 pHojl A A<}
27t Yol o] HlE 524179 Fjg] HRPAS
(pKa) gho] 2 g71%= g 744 7] g ot

Table 2°] Aol A B7EE9] 7 oA )4k e
2l HA @A 244 (log Ki') g 5.03 - 6.07 9 <]
Aol A, BA) T dliEl A (log Ky H- 6.58 - 7984
Yol A, AA A s 2] A== (log Ka'), YA w4 sfj 2] At
(log K4, chAUA T4 sl 2] 4= (log Ks™) & o] 1A T4
2] AH(log Ko™ ZHS 7.21 - 10.12 ¥ $]0] 7140l A
Urebteh. ofuf 2+ g7k = o] R A 2 o 2] Ak (logBy)
e w7t=el kgt WA ek ke Fom
Br-BAP < Cl-BAP < H-BAP < CH3;0-BAP < CH3-BAP<]
&A R Z7hsH

E3] Br-BAP 2} CH3-BAP2] logB, 4t 45.16 & 52.53
o &2 e 2ol S UehY I Qi) o]wA] o] £ Hli59]
ae}9) 2 o] 23] Fof| MRS WolF I12(CHs-,

H,LOH-(OH)," == H' + H;LOH-(OH),*" (1
H;LOH-(OH),”" = H' + H,LOH-(OH),>" )
H,LOH-(OH),”" == H" + HLOH-(OH)," 3)
HLOH-(OH)," = H' + LOH-(OH), )
LOH-(OH), = H" + LOH-(O,H) %)
LOH-(0,H) = H' + LOH-(0,)* (6)

9] "Rg-Aof A Y] 7)1 2] HCIY 2|7h= S oFk2 HyLOH-
(OH),"' & FA|3 uf] LOHE: A& 44712 ehfa,
T35 9] (OHp= HlsA A7 o)t

Fig. 1-& KOH #F g9 0o 7 H-BAPEZIEES A LA}
2713k o A3 == R} alle] A 24 2 Co(In), Ni(Il),
Cu(II), Zn(IT), Cd(II) & Pb(Il) o] &3}2] 25 24 ZAlo]
t}. Ao} 7o H-BAP| 47} alf 2] = S} (a) Ghol a=
6014 Bl 2] 7} R E= AS oF 4= 9k, e 1 Aol 24
(I1) o] 25 2H2-0] A A LA o A] Cu(l)9] A& ML 2
B2 a=45 w0 A 3 GA 2 ZEo] FAHHS T 49l
931, Cu(ll) ©]£] 2] Co(II), Ni(II), Zn(II), Cd(IT) 2! Pb(II)
O] oML 22 a=1-2(pH=3.5-6)<}a=4-5pH=
4-9)H9 oA F AAS AN YAHHS & 4 ek ot
2hA] A9} A A Fof 14 Ao 7] B=7t Z7FsHA
8- 0] pH7} Z715tol| whet 424 o] & = [H 7 74 dt
o2 F& ol 2M)I} YTtEst AHES YT o A
At} G0l 20] AAESof A §-2|5HA] o] ZHE A
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100 100
o[ CI-BAP - s H-BAP -
80 80 [ HiL
70 [ 70 [
“ 28 I GASTRITRS . 28 I HLHLIL gL

10 40 [
30 [ 30
20 2
10 10 [

0 0'7 3I I 02 3 4‘ S 6 7 8 9 10 11 12

2 3 4 5 6 7 8 9 10 11 12 ‘ e
-L0G [H1]
100 [pp 100 M T

CH3;O-BAP

i
3 4 5 6 7 8 9 10 11 12 0y 3

-L0G [HY]

Fig. 2. Relative concentrations of Br-BAP, CI-BAP, H-BAP, CH;0-BAP and CH;-BAP species formed as a function of -Log[H '] in water.

Table 3. Stability constants(logKw ) for Co(IT), Ni(IT), Cu(IT), Zn(IT), Cd(IT) & Pb(IT) complexes of BAP ligands in water at 25 °C and u = 0.1

(KNO3)
Matal ion logKme

Ligand-4HCI Cu(II) Ni(II) Co(Il) Zn(1I) Cddrn Pb(II)
Br-BAP 21.00 17.01 14.88 13.77 11.15 10.78
CI-BAP 22.15 17.24 15.37 14.88 12.03 11.88
H-BAP 24.51 22.01 18.77 16.85 12.75 12.03
CH3;0O-BAP 26.31 23.15 19.15 17.31 13.99 13.45
CH;-BAP 27.22 23.00 19.17 18.07 14.25 14.00

Aol HUHe & 4= Ak

Fig. 22 Br-BAP, CI-BAP, H-BAP, CH;0-BAP % CH-
BAP Z7tEE 97] 5800 & A A} AT uff 8-
O] pH7} Z7Ftol| whet 2j7 = 0] P A7} sl 2w of A
E= 7F F oehE o] g gAlolth

A mo] AEE 2 stekEe] S9eEY B¢
HeL = (H,LOH-(OH),"", HsL = (H;LOH-(OH),”", HyL =
(H,LOH-(OH),”", HsL = (HLOH-(OH),", H,L = (HLOH-
(OH)z, HL = (LOH~(O:H) % L = (LOH~(0)" Zro] et
5 ok

ofuff 57218 E42 logBpate =419t &Yt Br-
BAP 714 91Zo]] U}l CH;-BAP: KT} 9 2X0
2 o) FE o] et A& g3k 4= 919l ofuf 7} 5}
SF 7 LEH O 2] 93 o] A7]+= CH:-BAPY 7
=AY B8k B Eo] 9% 07 X 9-X|= Br-BAP
785 Hr} oAt a7t o] § 7] wfoll 352 pHollA <t
3l 1 o]+ = Br-BAP= HAE T = Tt 91#] 9
Br-2|2H7| 2 ¢13)] #|35 5247 2] AkAx(C-0)o]] 5291 &
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o F7h2 471} gsto] W pHOlA 4} shel 7t
Qoiu}7] uf o] i1, CHy-BAPL: Hhej ol 2 At 4 0.2
0 pHEOR Ye o] o] Aof et

A2 Fol Y =9 WolF &) 28 o
A3 23,

Table 39) ATV= THH 2720k 24 Aol 3ol e
Co(II), Ni(II), Cu(II), Zn(Il), Cd(Il) & Pb(Il) 0] & E3}H=
= A712 ALAL AT off ¥stE= pHELE ©]-8-51
BEST Z & 13 0 2 212 oA w Al (logKa) 3E2 A4
3o} 4=2 315t Table 39] Ao} o] Hol T o] &5
] logK 242 Co(IT) < Ni(IT) < Cu(Il) > Zn(II) > Cd(IT) >
Pb(I1)2] <=4 &2 el 3t Table 3] Ax}ol| A Co(Il),
Ni(II), Cu(II), Zn(IT) = Cd(IT) 0] 0] 252 logKme
=2 BT opgtoll thohe] 22 271 A7 A4S Fo
F 0 o A PN LBl uet i S e
el @13, ) # & Br-BHET®} CHs-BHET )] logKcu 2
221003} 27322 64 %=9] & 20| & YER AT LT
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Fig. 3. Species molar concentration relative of H-BAP in water having a= 1:1 molar ratio of H-BAP/Co(II), Ni(II), Cu(II), Zn(IT), Cd(II)

and Pb(1I) as function of -LOG[H].

o & HolF&(I) 2HE 2] P EAre] A7|= F450|
29| At =7} S5 T F&ol 29 A7 &g
2 71X B2 Co(Il), Ni(Il), Cu(Il), Zn(1l), Cd(I1) L Pb(II)
0]2-9] logKmL gk Iriving-Williams A € 9] =4 &} 2 &
2| &g e

N:Os7] 2J7H=2] 790l 2 F2(M™ )0l 9] logKne
W2 logPpgtel A7|s=Aek o] Br-BAP < CI-BAP <
H-BAP < CH;O-BAP < CH;-BAP& LFely}T}. 11 0]-8-=
29] 6,38 UERY = CH;0-BAPS} CH3-BAP2] W E A
712} W e 7= HARE o] o] Hjimo] 24H7] AbAof A
A W=7t F7FeHA o] A7 =8 F7HA A HolF4:()
ol 2EW AES A A HEo 2 J4E B3k A
& A2 H-BAPS} 3}8H- %= 1|53} X1k H-BAP 2|
o] GFA A7 §lol oA 2] NyOA| | E =
AZA7| AREo] e 7] W 27| 5 AR ThEA| 717 o
A1 28] N4O,7| 2]7H= BHTT, BSTD & BSATED 7 $-=
Co(II), Ni(IT), Cu(Il) & Zn(IT) ©]-2-2] logKm ZF X} 2}
2 ZHe YER QI 11 o] A o 2 O RF =
Z7FalH logKwe #Eo] S 7FsHA|HE H-BAP 2|7t =9 &4
4 A7) 2E Aol FrofshA] ¢ wjol| 2HEo] A
/2 o -4/ (Template 3ol FEFE 501 2F-2 logKm
e UEhlE A o2 YZHETE” T3 Table 39014 logKeu
ol FAYAZ D45 oA 7§ 7H penten®] 7§~k
T Z 3 Ue = o= BAPY] Hli59] A7 545
o] &3} o] 2 4TS FAJFF R ol 7] 9] v §] At ch=

ZHE YA o] f-2l817] w2 AYztE

Fig. 30| A% Co(II), Ni(Il), Cu(II), Zn(II), Cd(IT) L
Pb(Il) F40]-21} H-BAP §H4-& ¢V &2 92 A4S
oo} A == 2 gk eSS YRR UEY
AUTH Aol A HH pH 4.0 o]512] 4Hd &) Al+= H-
BAP 27FE9] o g7} sl 2] 7t dofutr] o 2| 9] HeLo] =
letFor W Almo) EASEAL QU

Cu(Il)o]-23} H-BAP &-3}1& 74-$-+= HsL &}sh59] &
52 pH4 ol A AgF F3E5kaL QAL pH4.5 oA =
ML 2} A/ El ). Z12]u} Co(1D), Ni(Il) 2 Zn(ID) 9] 7
- HsLo] pH 4.0 - 5.0 AFo] ol 4] 40 - 70%7 &= F-323}a1,
pH 5 - 7AFO ol A HyL 3} shg e Avgf R 323}l QITt. o] uf
ML ZH2-2-pH 5.0 - 6.5AF0] o] A A A ek E3F Cd(11)9t
Pb(II) 0]2-2] A9 HisL, HiL Y H;L7} pH 3.0 - 7.5 A}o]
of FEFS & 4= 93l ML 22 48/d-2 pH 6.0 - 8.0 A}©]
oA BrEolAl= AS & o Stk 2uH o g 245 A4
o] f-2]3t T&o]l22 -2 pHOl A ML 225 A /g 5}of
T logKme 4h-& UFEF AL, A Akel S0 2 Ao of| 7Y
Hhg ol 2= Aol Eeltt 3502 ML 2=
=2 pHOll A A/ sto] a2 A2 logKm %k U
EhTh

Fig. 42 Table 19] 2|7 EE9] B/ 4] €49
3}8}4] 0]5(3C-0) %t} Table 22 ¥ A+ T2 ol 2] /=
(logBp)dt 12| 3L Table 39] 2= MY = d4=(logKm) 4k

= TolA 2 Cu(ll) o] 9] 2h& g = A=~ (logKeu)
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Fig. 4. Plot of o, values for Hammett substituents versus. (A) Bc
NMR chemical shifts(6C-O ppm) values of each ligand (B) the
overall protonation constants(log f3,) values of each ligand (C) the
overall stability constants(logKcur) values of Cu(Il) complexes of
each ligand.

& A8l para Hammett X|3+7] A4(o,) 45 H| L
AR Aoley.

Fig. 42] A1}tol| A logBpak 2} logKcu 7HS 6,3kl o 5}
of Whtlj<e A 2 7)< A] 7} ERE AL, $C-0%H-E 6,3kl o
alo] 22 F7]EM R el o]9} 2L 4] Azt
o 2 H=2] ortho Y parai A o #|2+7|(R =H-, Cl-, Br-,
CHs-, CH;0-, NO» )& 7H thAl Zhe] A4k Al Al
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7] 2)7+= SALS] R-SAL-Mn(Ill) ZHEE5-9] 732 Fig. 4
o] Amte} 2ol o,gtell Uishe] 5C-0%kE 719) e A%
32 LPeb 9131, R-SAL-Mn(IIT) 2155 2] 214 91(E,)
2k oygtoll tisto logh, oF logKeu g} o] Rt
2 2 dpante} £ A4S ek

28

M2 A A NyOsA| 2]7H= H-BAPE ¢35},
H& $A719] paraf) X o) X272 B, Ha, wlE Al
7] 4 m|d7]E 7}2 Br-BAP, CI-BAP, CH;0-BAP 4
CH;-BAP HAMHS skt 2 g7t=9] gH4d2 C,

N 9484, 'TH-NMR 9 "C-NMR 239, 2 ¢4
=3 W AR A S Foto] Flskelnt T E NyO;
A 27 E 0] ¥ = =A7] o]z} ofwl 7] o] FAJ A} A 8
2] Ak (logKa ) FHS o] Al ThA| o] sl 2] Ak e U §
a1, AlAbE 7+ 2 7he o] oF 2L S 8l 2] A (logPp) Ak
Br-BAP < CI-BAP < H-BAP < CH30-BAP < CH;-BAP &=
A2 para Hammett | 8+7]4F=(0,) 4F2] =419} 2 A A
shelTt EQ Hola<4(1) o3} Zt eIt =EE2] A4t
2Hg M = (logKme) #h2 17HE9] logh,4kel 271
AL 2 RO R YERT 1Al ZF Holg&(D)
0] &E9] logKm %12 =7]4=4]+= Co(I) < Ni(IT) < Cu(Il) >
Zn(11) > Cd(II) > Pb(I1) & Iriving-Williams A g 2] £&=4] 9}
2 A5k Ak Atk

AR 2. e 20099 = T Fofeka w A
] 2] o] ©Jsto] 48 H| 9o ofo] A= e,
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