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2 <%:AEL AR Zgopwl = N,N-Bis(2-amino-ethyl)-methylamine - 2HBr(BAMA - 2HBr),
N,N-Bis(2-amino-ethyl)-ethylamine - 2HBr (BAEA - 2HBr), N,N-Bis-(2-amino-ethyl)-propylamine + 2HBr
(BAPA - 2HBr), N,N-Bis(2-amino-ethyl)-butylamine - 2HBr (BABA - 2HBr)< 5 7H2] HEAYG o7 &
o] QAEA, AH B, AAV1FHY L AP2NEYOR YL ARG HHESe
P HIF AolFHa) B AYEPFE FEUlN AAR APHoE ZYsel
diethylenetriamine2] k¥ Blw3slG T 2|7t= Ho|Z4ANT =442l Z7]= BAMA < BAEA
< BAPA > BABAT .2 Z713}31th BAPAY| BABAR T oHY A7 2 o]+ BABA W F37}
Z butyl 7]l 28] Exhfe] AAGRE S7HAIZ Aol

Abstract : The new tridentate poly-amine ligands, N,N-Bis(2-amino-ethyl)-methyl amine - 2HBr (BAMA -
2HBr), N,N-Bis(2-amino-ethyl)-ethylamine - 2HBr (BAEA - 2HBr), N,N-Bis(2-amino-ethyl)-propylamine *
2HBr (BAPA - 2HBr) and N,N-Bis(2-amino-ethyl)-butylamine - 2HBr (BABA - 2HBr) were synthesized as
their dihydrobromic-salt and characterized by EA, IR, NMR and Mass spectroscopy. The protonation
constants of the ligands and stability constants of transition metal(Il) complexes were determined in
aqueous solutions by potentiometry and compared with diethylenetriamine. Stability constants for transition
metal complexes of ligands are in the order of BAMA < BAEA < BAPA > BABA. The larger value of
stability constants of BAPA compared to these BABA, may be attributed to the more distorted structure

of the complex due to the increased steric crowding caused by the presence of the bulky N-butyl group.

Key words : protonation constants, stability constants, potentiometry
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methylamine, ethylamine,
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propylamine, butylamine 3 diethylenetriamine> Fluka
A ERAe A @3 10z s, 2
Fol AHEE &) 2 FoleActe BASAES
AHEEATE 4 #7189k p-toluenesulfonylchloride,
BE4F gl 2-aminoethanol> JunseiAl & A&-5}9 T
Ao ARE-E wYl7]E Matsushita Electric Industrial
Co2] SC-VS 75WE AH23ldal Az &4 2~HEY
< Shimadzu UV-160A E-33=A 2 ZAs0n 7
XM &4 2~ EHL Shimadzu IR-470 EFFTEAS
olgatgltk. 28l 'H-NMR, "“C-NMRE  Varian
Mercury 300 NMR E37]2 o] 83131 AAEA
Carlo ErbaAl9] instrument 1106 ©]&3t41 &9
AEEE Oyster AT=EFHE o] &3ty ZA33th
a8y FHAHEHS JEOLAFY] JMS 700 High
Resolution Mass 3715 A3l A IHL
Metrohm 665 Dosimat 2527 7]¢} Metrohm 605 pH
HEE ARSI H8AS 2% 2L MetrohmAl
343} Jeio Tech Co. RC-10V FeXZ ARE-3}o]
25+0.1°CE A7) 3 APS Pk

2.2. Mxi2| E2jota! 2|Zt=e| &t

N-(p-toluenesulfonyl)aziridine (Ts-aziridine)&] ¥4
7+ 912)" 80 mlol| p-toluene sulfonylchloride (80.3 g,
042 mole)& ¥ol ¥HEA|7l dEgAS =alolofo]~E
o]g&3t 40 T oJ3tZ WHg 25 FAA7IHA ¢
& FRES gtk 9 g FEd 30 ml 9

2-aminoethanol (12.2 g, 0.2 mole)E 410] W& &S
0 T o3tz WAzl & <& 3k AIZbE X3 &

gk At g 0 CF A5
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2IXFEA Zo {7|15S EE A | A=tk 77
o ¥4 NaSOE 7kt 2 $ $3A7|L =

AtEslebs 150 mlo] I AZA3t] 2-(tosylamino)
ethyl-p-toluenesulfonate® =T} (55 g, 75%) 2-(tosylamino)
ethyl-p-toluenesulfonate (228 g, 0.61 mole)2 EF4 2
Lol |erA AshAl wyk A]7]1HA] KOH (156 g, 2.8
mole)S S/ 800 mlol =% &A& 3 AZFE<E

A
A3 7hska 2A1ZHEQE kAR

At =3= AAS
1 f7lee SRR AW At {7l
NaxSO, 5 7hsted ©AlZl § g5t ARl

Ts-aziridineS UET}h Yield: 98%. Anal. Caled. for
CoHiNO,S: C, 54.80; H, 5.62; N, 7.10. Found: C,
54.70; H, 5.66; N,7.08%.

N,N-Bis(2-amino-ethyl)-methylamine - 2HBr

(BAMA - 2HBr)] &4 : ol|e-2 30 mlol| methylamine
(1.55 g, 0.05 mole)¥} Ts-aziridine (23.64 g, 0.12 mole)<
7¥ate] 2A12FE Rt WHAIZ] ¥ 50 mlo] oEHES o A
7Vete] E-Eet O wHk AA A7 AAE AeET o
HE2E o]&ste Heth o] A& oMHELNEEA
(70:30 vv)& HE 3 mlE 7}k 90 ColA sHEE<t
wiksta, A2 AAE T4 e 2 o] 2F Egto]
QB X el gAAlH B ARSI Yield:
91%. Anal. Caled. for CsHisBr:Ns: C, 21.52; H, 6.14; N,
15.06. Found: C, 21.55; H, 6.12; N, 15.12%. IR:
1675cm™ (6, N-H). UV: 209.3nm(e=1.8). 'H-NMR(D,0):
2.89(3H), 3.37(4H), 3.48(4H). "C-NMR(D,O/DMSO-ds):
35.48, 45.25, 54.41ppm. Mass: mfe = 117(M).

N,N-Bis(2-amino-ethyl)-ethylamine + 2HBr

(BAEA - 2HBr)¢] &4 : ol|e-& 30 mlol ethylamine
(2.25 g, 0.05 mole)¥} Ts-aziridine (23.64 g, 0.12 mole)<
7¥eted BAMASF #2 woz A FsHh
Yield: 87%. Anal. Caled. for CsHioBrNs: C, 24.59; H,
6.54; N, 14.34. Found: C, 24.61; H, 6.53; N, 14.36%. IR:
1674 cm'(6, N-H. UV: 2092 nm (e=1.6).
'H-NMR(D;0): 1.28(3H), 3.34(2H), 3.46(4H), 3.54(4H).
BC-NMR(D,O/DMSO-d):  10.02, 35.44, 50.60, 51.64
ppm. Mass: m/e = 131(M").

N,N-Bis(2-amino-ethyl)-propylamine - 2HBr (BAP
A - 2HBnS] FA : olg-g 30 mlol propylamine (2.9
5 g, 0.05 mole)} Ts-aziridine (23.64 g, 0.12 mole)S
7kt BAMASH 2 W o 2 g ERlstiitt Yie
1d: 85%. Anal. Caled. for C;HoNs: C, 27.38; H, 6.89;
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N, 13.68. Found: C, 27.42; H, 6.84; N, 13.72%. IR: 16
80 cm’'(5, N-H). UV: 209.2 nm(e=1.5). 'H-NMR(D,
0): 0.80(3H), 1.61(2H), 3.12(2H), 3.36(4H), 3.46(4H).
BC-NMR(D,0/DMSO-dg): 11.57, 18.39, 35.20, 50.98,
56.98 ppm. Mass: mfe = 145(M").

N,N-Bis(2-amino-ethyl)-butylamine + 2HBr (BABA -
2HBr)9] ¥4 : olekS 30 mlol butylamine (3.65 g,
0.05 mole)¥} Ts-aziridine (23.64 g, 0.12 mole)= 713}
BAMAS®} 22 Wo 2 4 RIS Yield: 89%.
Anal. Caled. for CgHpBrNs: C, 29.92; H, 7.22; N,
13.09. Found: C, 29.98; H, 7.18; N, 13.12%. IR: 1680
em’'(5, N-H). UV: 2092 nm(e=2.0). 'H-NMRD:0):
0.80GH), 124(2H), 1.58QH), 3.19QH), 3.38(4H),
3.48(4H). “C-NMR(D,O/DMSO-dq): 11.72, 16.57, 30.26,
35.38, 52.32, 58.19 ppm. Mass: mje = 159(M").
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Fig. 1. "C-NMR and 'H-NMR spectra of BAPA(D:O).
1942} o] BAPAY ¢ ZEH7|Y B4 E 11.57,
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BAPA 7= pHE 25 3}
Fig. 29} 2t} pH=7~10 H%lel
A HzL, HL 3 L A 888 520 SAde & +
03, pH 9.59141 HL %] 25%, HL %°] 50%, BAPA
e FEAE B sEE LEe] 25% S AFAS)H
Sl HAHe] pH g =HH PKAS TS
AHgsted Zh ERtege A sleldaaks Altet
ol Table 19] F=30th. 2345 BH btopdlel] A
ge 4719 gaavt MRS T2 HAkElE
F5iklogP)el 254 S7Iehs AEFE B

-LOGH*Y)
Fig. 2. Relative concentrations of BAPA species formed
as a function of -log[H'] in water.
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Table 1. Proton dissociation constants for ligands in
water at 25 C and p=0.1 (KNO)

Ligand logk"  logK," logKs" log B

dien 9.94 9.23 4.78 23.95
BAMA - HBr 9.79 9.20 2.48 21.47
BAEA - HBr 10.15 9.27 2.65 22,07
BAPA - HBr 10.18 9.28 2.71 22.17
BABA - HBr 10.31 9.43 2.79 22.53

* Calculated by Fortran program PUKAS"

BAPA - 2HBrE KOHZ FAY w %AA szl
AZA3 Co(l), Ni(Il), Cul) L Zn(l) °]LE9
5 RERT A8E A% ANA 8IS Fig 3
o Zo] JEepSIth

Fig. 39 ARe} o] tuse} g&ole A5 A
Az A=A Cu@De] A5 B F3ET) a=3
o ) pH M7} b7t =24 A7)3L Nid), Co) 2
Zn(@)e] ALle pH AZ7} a=1.5~20 oA 281
a=4.0~4.5 A=A 7t GRS & = At 97
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Fig. 3. Potentiometric equilibrium curves of BAPA and
2:1 complexes of Cu2+, Ni2+, C02+, 7Zn>* in water.

A 3= a%k% D718 A7eksle o F9ATE 3
e Uekth 943k AN A4717F
9 Faolsrr) st Hof

,mﬂc} Fig. 4% BAPA 2|7t
9} Cu(Il) o]& & Co(II) ol 23 24 pH Wslol] w
g AE = 4% 31 EX-&30th Cu(ll)-BAPA
o] 7% pH 3914 ML 31852 AA3 28-S FA3)
o] pH=4.0~7.0 7} W& Wl 52 EXES YE
Uil pH=9.0 oPdelre ML, 3}ehgo] #xgth
Co(Il)-BAPA 7%= ML 3}8%2 pH=7.0 F-2oA F
2 HHA e HEE 25 EXE3TH} pH=8.0 ]}
oA ML,9] 3}8tgo] 2 T3S & 4 Stk wet
A Cu(ll)-BAPA®] 79 pH=7.0 o|alo A& ML &
S F2 A3 pH=9.0 oJdHE ML 3180l
A=}, Co(ll)-BAPA A9+ ML 313t 7o) A4
= A] 31 pH=8.5 o|HH ML, &Eo] F& Y4TS
ol /~ Al]:]_

25 WIEE pH #S 4o BEST ZT=1Y
ol-gato] Zzte] EIt=e} F4rol 7t FHE MY

Fras ARSI Table 29 YERATE Cu(Do]23}
7z} YREEY  FHE TR Eogh)S
Cu(l-BAMA < Cu(I)-BAEA < Cu(ll-BAPA
Cu(I)-BABA®] AIGITE &9 P drghe gt
oz frsol kAR A 2 gake
oM 2 Taple 19] 7+ BtEES] FA Sl
®e o)k oRlye] XgE wAAo] Aol

H o

v (3

¢

£ oox nE
o4



o
2
v}

*

140

oY
HN
o

K
M
A

Table 2. Stability constants for ligands in water at 25 C and p=0.1 (KNOs)

Cu(I)

Ni(ID)

Co(Il) Zn(ID)

Ligand

ML ML, logP ML,

log3 ML,  logf3 ML,  logP

BAMA -
BAEA -

BAPA - HBr 1490 656  21.46
BABA - HBr 1512 4.03 19.15

HBr
HBr

14.69
15.18

345
5.06

18.14
20.24

10.35
10.80

11.07
10.90

6.17
6.60

7.79
5.89

16.79

16.52
17.4
18.86

8.59
8.49

8.97
8.58

547
6.23

6.86
6.53

14.06
14.72

15.83
15.11

8.70
9.12

9.17
9.28

4.70
6.23

6.61
6.54

134
15.35

15.78
15.82

* Calculated by Fortran program BEST"
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Fig. 4. Species concentrations relative to TBAPA in
water solution having a 2:1 molar ratio of
BAPA/Cu(Il) and BAPA/Co(Il) as function of
-log[H'].
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