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2 9} 2-hydroxy-3-hydroxymethyl-5-methylbenzaldehyde(HHMMB)$} ethylenediamine &-& 1,3-dia-
minopropane®] #3hihgell oJsl 69 Zto] 2|, HIL[AJY HWL(BIE 247t -2 Foll Adiulire] 2
2= AE, Cu(H.L[A]) - H:O, Cu(H:L(B ]} - H;O, CuFe(L{A]XNOs) - 4H,0, CuFe(L[B])(NOs) - 4H.0,
[CuGd(H,L[A])XNO;),}(NOs)-2CH,;0H. [CuGd(H.L[B])}NO;).J(NOs)-2CH,OHE 3351t 2,6-diformyl-
pcresol (DFPC)ZF-8] &A% LA 22](20)DOTA)ZE, [Ln([20]DOTAXNO:XH0))NO), - xH,0
{Ln(Il)=Pr, Sm, Gd, Dy}& methanol §=fel] 29 A= A2 24 [Ln([20]DOTAXNO;)CH,OH)I*&
& 4 et ©] lanthanide-[20]DOTAZMEI| A} Wi$1€ CH,OHel FAI4A7F N £-2 031 Fale] ¥xe|7t
E., L.(=o-phenylenediamine, 1, 10-phenanthroline, ethylenediamine, oxalic acid, malonic acid, acethyl-
acetonell 28] 2|2 o) HHAP(K)E 25°C p=0.1M NaClO, oA £-33H uhyfoz AAsgc vz
2] 7+=2] pK.:= o-phenylenediamine < 1, 10-phenanthroline < ethylenediamine, oxalic acid < malonic acid <
acethylacetonee] ™, olo} F¥Ar4 K= ethylenediamine < 1,10-phenanthroline < o-phenylenediamine,
acethylacetone < malonic acid < oxalic acid 73822 w3}ic}

ABSTRACT. Macroacyclic transition metal complexes such as Cu(H,L{A}) - H,O, Cu(H,L[B)) - H,0,
CuFe(L[A])(NO») * 4H,0, CuFe(L[B]JXNO;) * 4H;0O, [CuGd(H.L[A])(NO:).] (NO,) * 2CH,OH, {CuGd(H,L[B))
(NO,):J(NOs) - 2CH;0H were prepared from the corresponding hexadentate compartmental ligands, H.L{A]
and H.L[B], which were obtained by the condensation of 2-hydroxy-3-hydroxymethyl-S-methylbenzaldehyde
(HHMMB) and ethylenediamine or 1,3-diaminopropane. Ln-macrocyclic([20]DOTA) complexes, {Ln([20] DOTA)
(NO:)H,0)}(NO»), + xHO{Ln(Ill)=Pr, Sm, Gd, Dy}, which had been synthesized from 2,6-diformyl-p-
cresol(DFPC), was placed in methanol for 2 days, and [Ln({20] DOTA)YNO;)}CH,OH)]** was formed. The
equilibium constants (K) for the substitution of coordinated CH.OH in the Ln-[20]DOTA complexes by var-
ious bidentate auxiliary ligands, L.(=o-phenylenediamine, I,10-phenanthroline, ethylenediamine, oxalic
acid, malonic acid, acethylacetone) were determined by spectroscopic method at 25°C and 0.1M NaClO..
The pK. of auxiliary ligands is in the order of o-phenylenediamine < 1,10-phenanthroline < ethylene-
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diamine, oxalic acid < malonic acid < acethylacetone. However, the equilibrium constant(K) has shown the
trend of ethylenciamine < 1,10-phenanthroline < o-phenylenediamine, acethylacetone < malonic acid <

oxalic acid.
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2CH,OH, [CuGd(H.L[B])}(NO,),}(NO:) - 2CH.OHE2
FA st} =8, 2, 6-diformyl-p-cresol(DFPCYE o]
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Aet 9 217). 2. 6-diformyl-p-cresol, Z¥e] A
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FeIZMNEHE 5 Yol AHE-3E 2, 6-bisthydroxymethyl)-
CHCl;,
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xH;O(Ln=Pr**, Sm*, Gd*, Dy*") 52 Aldrich =&
Sigmarte] EFAekE o143l Lo(ll)-[20]DOTA
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phenylenediamine, 1,10-phenanthroline, ethylenediam-

4-methylphenol, manganese(ll) carbonate,

ine, oxalic acid, malonic acid, acetylacetone, NaClO,
29032 Aldrich, Merck &2 Fisher Al2l 57 AF
oloict. AR B4 Yl AT Yo¥H IR
NMR spectrum® 7|2 ZHebx| ol M48h3 2l
= FElemental Analyzer(Carlo Erba), FT-IR spectro-
meter(bio-Rad FTS60), 2831 500MHz-NMR spec-
rometer(AMX 500, Bruker)2%-8] ztzt d<ich. d¥
A GCMass, A7|HExE &3 Thermogravimetric
Analyzer(TGA 2050, TA Instuments). Hewlett Packard
GC/MSD 5772A%+ ORION model 1622 33}t
H3A}4 AAbell Yok A& KONTRON UVIKON
860 UV-VIS Spectrophotometer2 478153},

MpH g, Adie|zele) o)2] Y. o|YFHAI
5 N,OAH Adizelahsg A4 o BT o8
5] HHMMBS} DFPCE A 5.9} Zhe] it

ey
£ Cu(H[A])S2 Cu(H,L[B) &4. HiL[A] ¥
2 H,L[B] | mmote] methanol4-<¥ (50 mLy! 1 mmol
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copper(ll) acetate® A7I5lT 4AF A= FFAIL
gl Aut e FHAZIC old AT HHIS
o753, 2718 methanol2 M A 8led A1FolM A
ZA|1Z0e.

Cu(H,L[A]) - H;O. Anal. Calc. Cu(C»H2»N;O,) - H;O
:C, 55.10; H., 5.51; N,643. Found: C, 54.85; H, 5.66;
N, 6.18. Yield: 87%.

Cu(H.L{B]) * H;O. Anal. Calc. Cu(C»H,N;0,) - H,O
-C, 5606; H, 578; N, 623. Found: C, 56.08; H, 576,
N, 6.17. Yield: 76%.

&E CuFe(LIADNO,) B2 CuFe(L{B)NO;) &Y.
#E Cu(H,L[A]) ¥ Cu(H.L[B)) ¥4 ==t f2ls)
o, copper(ll) acetateZ 73l 147t Ax {4
71 folo] 1 mmol iron(Ill) nitrate hexahydrateZ %
A3 Y1 A7 AE of 3k - sied g

CuFe(LIA]XNOy) * 4H;0. Anal. Calc. CuFe(CxH:N:0.)
(NOYH,O): C, 39.67; H, 484; N, 694. Found: C, 39.57;
H.4.48; N, 6.86. A=36.69 cm’ - ohm™' - mol"(DMSO0). Yield:
70%.

CuFe(LB]XNO;) - 4H,O. Anal. Calc. CuFe(C;HxN;O.)
(NO:)(H:0).: C, 40.68; H, 4.84; N, 6.78. Found: C, 39.44;
H.4.72; N, 6.47. A=49.36 cm’ - ohm™' - mol™'(DMSQ).
Yield: 65%.

28 [CuGdILLIAJNO:)(NO;) &2 [CuGd(H.L
[BINO:).}(NO;) £, H.L[A] E2 H.L{B] lmmol
©] methanol £24(50 mL)ll 1 mmol copper(ll) acetate
2 Hrlsla 1A HE SFAD Y2 Gd
(NO»), - 6H:0 1 mmol®] methanol £ (S0 mLyS A
A3 YT M AE o] muk - 7pddict o] 85
27beF Z9AR) o2 diethyl ether(S0 mL)yE A3
Yol AHES dev. YHES A43k3, chloroform
7} diethyl etherZ Ml H8le] 21FolA A x4}

[CuGd(H,L{A}(NO;))(NO,) * 2CH,OH. Anal. Calc.
CuGd(CoH2N:0)INO)(CH:0H): C, 32.01; H, 3.64;
N, 8.49. Found: C, 31.97; H, 3.50; N, 8.65. A=138.67
cm? - ohm™ - mol™'(methanol). Yield: 91%.

[CuGd(H;L{B}NQO;),}J(NOs) - 2CH:OH. Anal. Calc.
CuGd(CoHaN;0)(NOL(CH:OH).: C, 3477, H, 371
N, 8.11. Found: C, 34.88; H, 3.97: N, 8.17. A=141.1
cm? - ohm™ - mol™'(methanol). Yield: 69%.

[Ln([20]DOTA)(NO:)(H,0)I(NOs). * xH.0 &Y. A
¥ ol 7o) DFPCS Ln(NO,): « 6H,02] acetonitrile &
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7 Ah XL AbA9l F22] M 22)7E(auxiliary
ligand) 7b2] 2Pubgoll A HaAdg Al Wagh A}
BE PREAZ A3 skl &3l o] o
FrAHEY 3AE A% FE([Ln([20)DOTAYNO,)
(HO)F*8] =% ~10°M °]3lon, Bxe7i=e)
TE(L"pe

[o-phenylenediamine]=1.44X 107~ 2. 88X 10~ M

[1,10-phenanthroline}=7.20X 107~ 2.88X 10~*M

[ethylenediamine]=1.04X 107~ 9.00X 10~*M

[oxalic acid]=6.80X 1075~ 1.08X 10°M

{malonic acid]=6.75X% 10~ §.40X 10~*M

[acetylacetone]=1.44X 107~ 1.15X 10°M
WS AL A3} ol9} S methanobe] AHx
Al el &= (ure 0.1 Me] HEF NaClO2 A1
o}

F-BLE N -

H|nz| 2i2te Ag By ¥ =Y. o] oo
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g 54l &3 A4S YA o] FBE2 i =
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H.L[B}E o83l B 7}A] 48 9 o]¥ Agju) 1z
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spectrum, EFAEH(TGA), A7 |MEE 24 Azg
Zgtabd dW2Eql H9-ol= CuHL[A]) - H,O,
Cu(H,L[B])- H;O°l Z, o]} 2HE-2 A FA)Fdro] A 1H
o]F4 o] w CuFe(L[A]XNO;) - 4H,0, CuFe
(L{BJ)XNO;) - 4H,00] 2, o] oj¥ 22X F4) T <o)
Aol 343 YFAY FEoleY W= [CuGd
(HL[AJNO:RJNGs) - 2CH:OH,  [CuGd(H,L{B}NOs).]
(NO,) - 2CH,OH #eHreg gy £ 9ot o
CuFed] 59 EHES, A(DMSO, 25°C)=37~50
cm’ - ohm™ + mol™ A £9] Zto]| =2 o] 52 H]A &l Ao
sgaict a8y, CuGdAl9l 7S¢+ A(CH,OH,

Weight (%)
g

&

40
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Temperaturs (°C)

Fig. 1. The thermogravimetric curve of the {CuGd(H,L[B))
(NGO,):}(NOs) - 2CH,OH run in nitrogen atmosphere and heat-
ing rate 20 "C/min.

25°C)=137~142 cm? : ohm™ - mol"' A X9 Zte 2 1:]
AAgdE o 4 slok o) A9 TGAZH(Fig. NE
s 202] methanoltAM= 2 zkdof &3 &
A3l 3742] NOsol& Foll 170 Abdo]-&(counter
ion)dE A& = qUch o]F o|F ojYEZA ¥
ZeZk=o Adsh= nitrate(NO, Y= A 14 o) 2ol of
M zle] R=GFAYaL N), dE Adua
@l; Pr, Sm, Gd, Dyple Fzlg) 27=FA 4z
0)2 2Hg-8lct 316 A Gd()e)-29] wigi4= 8
Holrt.'s Adju2]9} o|F B9 IRFFAIRE
A Be(Table 1), ©182 ¥ cn=1,622~ 1633 cm 9| A
vebdo Adis]ae] #89 Hfel voo=1548~
1572cm™, ol WA du] 2] 2ZollA wiE nitate
(NO)®] 4= 1,282~ 1,464 cm™llA] THake} 4 g)c}.

Lanthanide-[20]DOTA g2} Bx2|2lc Zio| W
Y= A (0 AEYAE (K0 A4kl Hsld
[Ln([20)DOTA)(NO.)(CH,OH))>*oll FA¥Al7} N &
< O T =g Yol o FhAMEY W
23S shas|of "o}(Fig. 2~4).

CH.OH
[La([20]DOTA YNO>XH ) —— {Lr [20|DOTA YNOXCHOH)*

o

== [La([20{DOTAYNONL) ™ (m=0~2) (1

o] 2Hephee} HYA4E [Ln(20]DOTAXNOXCH,OH)P*
o] AT sbAellM (L™} witlel] oie} 2z}
FHATE ol (1) 49 kot FHASe A4y
% 2& & ot o] 4 FEAY} o4 e
o el A2lse] 2o
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CH,OH ool A] Je% 4 (La(lD=Pr, Sm, Gd, Dy} 2] 352} Baezi= 2he] siis3 i)

Table 1. Infrared spectral data(cm™, KBr Disk) for the macroacyclic ligands and their complexes

macroacyclic ligand

Compotunds ~ coordinated nitrate
Ven Vean Veo

H.L[A] - 172H,0 2918.3(s,b)  2860.3(s,b) 1631.8(vs,sp) -

H.L{B] - 112H,0 2937.6(s,b)  2860.4(s,b) 1633.7(vs,sp) - -

Cu(H,L{A)) - H,O 2916.4(s,b)  2856.6(s.b) 1629.8(vs,sp) 1548.8(vs,sp) -

Cu(H,L(B)) - H,0 2918.3(m,b)

2856.6(m,b) 1622.1(vs,sp) 1552.7(vs,sp) -

CuFe(L[A]NG,) + 4H,0 2924.1(m,b) 2856.6{m,b) 1633.7(s,sp) 1564.3(s,sp)  1456.3(m,sp) 1384.9{vs,sp) 1282.9(m,sp)
CuFe(L[B]XNO;) - 4H,O 2924.1(m)b) 2856.6(w,b) 1622.1(s,sp) 1572.0(s,sp) 1464.0(m,sp) 1384.9(vs,sp) 1319.3(m,sp)
1.500,

Absorbance

Wavelength(nn)
Fig. 2. Spectral changes upon addition of o-phenylenedi-
amine to {Sm([20]DOTAXNO,}XCH,0H)]** in methanol at
pu=0.IM NaClO..

Absorbance

Wavelength(nm)

Fig. 3. Spectral changes upon addition of malonic acid to
[Gd([20]DOTA)NQO,)(CH;OH)J** in methanol at p=0.1M
NaClO..

2000, Vol. 44, No. 2

Absorbance

o

000 <0 ©0
Wavelength(nm)

Fig. 4. Spectral changes upon addition of oxalic acid to [Dy
([20)DOTAXNO,;XCH,OH)]** in methanol at p=0.1M NaClO,.

1 L,
er—& K(E-&)[L™] €&

2

o] Aol g, ex= ZF2} [Ln({20]DOTAXNOXCH.OH)F*
2} [Ln([20]DOTAXNO:XL)Y*™" %2 FFA4+E
epdct o] o] B K= (6r-8) vs. [T =
A ZAzte] 71g7|248 A& 4 slokFig. 5~ 7).

=g, ¥z 7tes) Fale] 2=y o ol g
o34 2l A 7pk3-Ak4>(protonation constant)E- o] £-5}ed
YYPA-E 3 £ 9ot ol Billode sl
7 In (A-Ae) vs. lime2HE] $EASE dog
I g of 8% FHolght o] Zfol HIPASLE:
(Ln([20]DOTA)NO,}(CH,OH))*(=Ln-20 m)ol| L™ &
4E H7h T F3abdel =gl S o £ 4.)0
(DAY K7l A4 )24 AL £ 9l

N [Ln-20m}-A_/le
T (AMEXIL™ Jr-[Ln—20m]; +A/lE)(@)
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X,
& 3 R
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S
=
1 T T \
0 500 1000 1500

1/{o-phenylenediamine]
Fig. 5. Plot of 1/(€x-€4) vs. 1/{o-phenylenediamine] in reac-
tion of Pr’* complex with o-phenylenediamine.

12 4
10 1

8 4

- [M(er-e]x10°

0 500 1000 1500
1/11,10-phenantroline]

Fig. 6. Plot of 1/(er-€s) vs. 1/[1,10-phenantroline] in reaction
of Sm* complex with 1,10-phenanthroline.

o=+ NH KK H

HE7 LF] A S0} FREALPE A(@~6)
A3 el 4 2o} 28], ethylenediamined) 7-$-
£ o2 £ log K,"'=10.0, log K;"=7.0°]c}.

(Ln-20m}r=[Ln-20m]+[Ln-20m(L.)] 4)
[L.}={L.]+[[Ln-20m(L.)] &)
Aw=€l[Ln-20m) 6)

A ()% olgsld e ohE 3 skA 2 1

7

[}

[44]
1

- [U(erep)x10°

4 . v v . -
0 1000 2000 3000 4000 5000
1/Toxalic acid)
Fig. 7. Plot of 1/(€1-€,) vs. 1/[oxalic acid] in reaction of Dy*
complex with oxalic acid.

2] 22t 71e] HyAJeUE B Ay Fzel vn
= A ou|7t oS Fleldth. Ay at WU
7t gl izt Rxei=e] HYAps FYsid 2
2lv}, aquonickel(I)°]- &Y 7= carboxylate®e} F
AK¥AZE N o v 84 of A =3 &
% #¥AsT e = FR/(H0, ethylenediam-
ine, triethylenetetraamine, 1, 4, 8, 1l-tetraazacyclotetra-
decanepll whe} A442] 37|71 HelAls Ao Mo}
£ s #FEo] HASEUSES & 4 U4 g
Zro] B Tl o] 43t UhE-DOTAZMES] 7ol
T2k ¥xe)zt=st $484 (Lo(l)=Pr, Sm, Gd,
Dy}t vl 1AL 312 232 & 4 sk
(Ln([20]DOTA)YNO)CH.OH)I**¢} FAI K27 Nl
Fate] 2jzi=zie] b Az Table 29 Zch
o] & A= pKot #A7} Q=19 o-phenylenediamine
9] 7§ phenyl?l7} 43 3}7)(activating group)Z
25t A lalA Aoz} 1,10-phenanthroline® o} A
7] gl HBAA7E 7P F Aele. Xxe|t=r)
1,10-phenanthrolineq] 73-§- UdAAef7l =A =243
4= 9JxI9}t ethylenediamine®c} o ¢}2igh AE-2 &)
A&t} o] phenanthroline®E2] HdAde] ol &

Table 2. Equilibrium constants for the reaction {Ln([20]DOTA)NO,XCH,OH)** + L.= {Ln([201DOTAXNO,)(L.))** { Ln(liT)=Pr,

Sm, Gd, Dy} at 25°C

K(l
Auxiliary Ligand pK.' pK2 (log ©3
Pr Sm Gd Dy
o-phenylenediamine 2.00 447 182.22(2.26) 440.82(2.64) 215.25(2.33) 846.15(2.93)
1,10-phenanthroline 4.86 - 45.20(1.66) 13.78(1.14) 36.00(1.56) 120.83(2.08)
ethylenediamine 7.52 10.65 21.10(1.32) 2.78(0.44) 3.55(0.55) 2.31(0.36)
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CH,OH -2ofjol| A] el 14 (La(11l)=Pr, Sm. Gd. Dy)-H

Woe} 233t B xe|zbs ghe| shabw 3w 101

Table 3. Equilibrium constants for the reaction [Ln([20)DOTAYNO,XCH,OH)J™* + L™ == [Ln([20]DOTAXNO; L) ™

{Ln(lD)=Pr, Sm, Gd, Dy} at 25°C

Auxiliary Lieand K. K2 K(log K)

uxili igan - :
ay e P P Pr Sm Gd Dy

oxalic acid 1.27 4.27 5993.74(3.78) 248.58(2.41) 169.62(2.23) 1031.67(3.01)

malonic acid 2.83 5.70 17.97(1.25) 7.53(0.88) 26.50(1.42) 11.59(1.06)

acetylacetone 8.95 - 0.00127(-2.89) 0.00825(-2.08)  0.000175(-3.76) 0.000291(-3.54)

5.

0) =

& AL 43 Rxe=e] ¥ ouz|E slxn
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