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[PI{(DTPA)},] was synthesized and characterized. The EPR transverse electronic
relaxation rate and *’O-NMR transverse relaxation time for measuring the exchange
rate of the coordinated H,O molecule (ke), and ?H-NMR longitudinal relaxation rate
of the deuterated diamagnetic lanthanum complex for measuring the rotational
correlation time (tr) were thoroughly investigated and the results were compared
with those previoudy reported for the other dimer Gd(l11) complexes. The exchange
rate (KeJ) for [PI{ GA(DTPA)(H-0)},]*] (1.1 ns™) is significantly slower than that of
[GA(DTPA)(H.0)]> complex. The rotational correlation time (tg) for
[P{GA(DTPA)(H,0)}-]*] (130 ps) is dlightly longer than that of
[GA(DTPA)(H,0)]> complex. The marked increase of relaxivity of
[PI{ Gd(DTPA)(H,0)},]? ] mainly results from its longer rotational time instead of its

fast water-exchange rate.
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Fig. 1. Structural formula of [BO(DO3A),].
[pip{ GA(DO3A)(H20)} 2]
[bisoxa{ GAd(DO3A)(H,0)} 4] [pip(DO3A)] =
bis(1,4-(1-(carboxymethyl)-1,4,7,10-tetraaza-4,7,10-tris(carboxymeth-yl)- 1-cycl
ododecyl-1,4-diazacyclohexane)) {bisoxa(DO3A),} =
bis(1,4-(1-(carboxymethyl)-1-cyclododecyl-1,10-diaza-3,6-dioxadecane)) **
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Fig. 2. Structural formula of the ligand { pip(DO3A),} &
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Fig. 3. Structural formula of the ligand { bisoxa(DO3A),]} ©".
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Fig. 4. Structural formula of the ligand { EN(DO3A),]} .
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{EN[Gd(DO3A)(H20)]2}

2-1
2-1-1 DTPA-Bis(anhydride)
19.7 (50 )DTPA(diethylenetriaminepentaacetic acid) 32.4 (318
) (acetic anhydride) 50 pyridine 50 (acetonitrile)
50°C 24

(ethyl ether)
16.6 92% 'H-NMR (200 MHz,
DMSO-ds), o(ppm) 3.71 (s, 8H, terminal NCH:CO:), 3.30 (s, 2H, central NCH:CO.),
2.72 (t, 4H, NCH:CH:N), 2.59 (t, 4H, NCH.CH:N)

2-1-2 PI(DTPA).

DTPA-Bis(anhydride) (2.3 6.88 ) (DMSO) 100
250 trans-1,2-cyclohexanediamine
(0.33 2.75 ) 12
YM-3 YM-1
1.37 43%

“C NMR (400MHz, D:0), & (ppm): 172.910, 170.801, 166.811, 166.720, 56.644, 56.220,

54.399, 52.927, 52.442, 52.335, 53.032, 50.666, 50.378, 49.893, 31.276, 24.039.
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Schemel Synthesis scheme for the preparation of PI(DTPA):
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Fig. 5 pH dependence of the relaxivity for the] PI(Gd(DTPA)),] at 37 + 0.1 °C and 20
MHz.
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Fig.6 Temperature dependence of transverse electronic relaxation rates at X-
band (0.34 T) and pH 7 for 50 mM solution of [PI{ Gd(DTPA)(H20)}2].
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Fig. 7 Temperature dependence of the transverse water 'O relaxation rate at 7.05
T and pH 7 for 50 mM solution of [PI{ Gd(DTPA)(H>0)}] The lines represent
the simultaneous least-squares fit to all data points as described in the text.

11



YO-NMR

EPR YO-NMR
Table 1

Egn. 4-12

q Alh

(pr) Fig. 7

curve fitting

AHp 30 k¥mol %

Table 1. Kinetic and NMR Parameters Obtained from the Simultaneous Fit of

YO-NMR and EPR Data

298

T, 8l h

Complexes A (52 x10%)  ©,°%[ps] ket ®/10%s 17 ¥[ng] 1=*P[ps] AH.(kJmol™)
GdDOTA" 016+£00111+1 41+01 244+ 01 77+4 498+15
GdDTPAP 046+002 25+1 33£0.2 303£0.2 58+11 516+14
bioxa Gd(DO3A)(H.0)]70.21 + 0.02 15+1 14+0.1 714+ 0.1 106+14 385+ 1.8
EN[Gd(DO3A)H0), 0.49+002 17+1 1.3£0.1 769+ 0.1 150+11 35.2+1.0
P[GIDTPA)H.0)]. 093+£001 12+2 1.1+0.1 909+ 0.1 130+12 50.0+1.8
3data from Ref. 12 ° data from Ref. 25
Table1 [PI{ GA(DTPA)(H20)} 7]
EN[GA(DO3A)(H:0)]: Gd(DTPA)>
(T m
(T1p)[ T1p>>T ) Tm 1000ns T m
34
24 ZH
egn. 13
1 3(e’qQ ’
Rlz_:_(—j TR (13)
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2H sPP C 170 kHz

o C H-NMR
310K La(lll) PI(DTPA), DTPA bisoxa((DO3A),
DOTA =R Table 1
[PI{ La((*H10)(DTPA)} ] [La((*H10) DTPA)]
34
Table 2 Fig. 8
Table 2 [en{Gd (DO3A)}.] [PI{Gd(DTPA)}]
Gd(HP-DO3A) Fig. 8

Table 2. Physical Properties of the Gd(I11) Chelates

Chelate Molecular Relaxivity rp q
weight (mMsY/Gd)
HP-DO3A 588 3.7 1.3
MA-DO3A 585 35 1
PA-DO3A 647 4.1 0.9
B22F° 1231 5.1 1.2
ce62m? 1257 54 -
B225% 1103 6.4 1.1
C428° 1201 6.6 1.2
TU1? 1367 6.2 -
TU2? 1469 6.9 -
EN(DO3A), 1139 4.2 1.8
PI(DTPA), 1170 5.2 2.2

Datafrom ref.26
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Fig.7 Correlation of molecular weight of HP-DO3A(m ), PA-DO3A(4A ), B22F(e ),
Ce2M( ), B225(c ), C425( ), TUl( ), TU2( ), EN(DO3A),(O ), and
PI(DTPA), (+) with relaxivity.
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