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Relaxation of bulk water by gadolinium-based MRI contrast Scheme 1 . DOTA-Tetraamide Ligands

agents (CA’s) relies upon rapid exchange of metal ion-bound water R2 o E‘ Ry=H Ry,=-CH2POzH2 1
molecules with bulk watet.A different design approach was “‘_")_\/—\ j’ Rz Ry=H Ry=-CHaPOsEt2 2
recently demonstrated by G2 a complex with slow water °© N N Rq=H Ry=-CH2CO0Bt 2
molecule exchange but fast prototropic exchange catalyzed by the ( j 21 :: 22 : ;e 5
four appended phosphonate groups. This feature gives)G@ai( LN\_/" ° R1 = Me R = Mo 6
unusual pH-dependent water relaxivity that may prove useful for Rz~ Yo N-R, Rq=H R,=-"CHMe)Ph 7
measuring extracellular pH in vivo. Water exchange seems to be R, R{

even slower for E¥ complexes of DOTA-tetraamides, in many

cases (ligand&—7, Scheme By slow enough to observe a separate N CDsCN containing 2-4% HO (volume ratio) at-40 °C, a
Ew*-bound water resonance in their high resolution spectra. This bound water signal was detected in th¢ NMR spectra of the
feature may prove useful for implementing a new type of water P, N, SnP*, EW*, Tm*", and YI#* complexes o at —60,

CA based upon transfer of saturated spins from a highly shifted —45, —4, +80, +700, and+350 ppm, respectively, all relative to
bound water resonance to bulk wateBuch systems are now bulk water at O ppm. Interestingly, the chemical shift of the bound

referred to as MT agerfter CEST agent8. water resonance was2-fold larger than the chemical shift of axial

A recent study of E4() and Yb() indicated that water exchange ~ Ha macrocyclic proton in these complexes. This feature was useful
was ca. 500-fold faster in the later complex, 8 = 278 us for in estimating the chemical shift of the bound water molecule in
Eu(?) and 0.5us for Yb(7)).¢ This was ascribed to a change in those complexes where it is too broad to be observed. With
structure from square-antiprism for Ei(to twisted square-  Increasing temperature, the bound water resonance shifted toward

antiprism for Yb{), even though square-antiprismatic crystals of Pulk water and eventually became too broad to detect. The
Yb(7) were isolated. Preliminary estimates of the bound water templerature at V‘J’rh'Ch t+h|s oc+curre+d Ws‘i 20, 25*f0'_25* and
lifetimes (ry299) in Eu(2) and Eug) indicated that water exchange 15 °C for the PF*, Nd®", Sn*, EW*, Tme", and YI§* complexes,
was about 2-fold slower than in the corresponding®Gdom- respectively. AYO NMR signal was observed for bound water in
plexes®” even though EXf and Gd&" complexes are normally the PP, Nd®*, EW?*, and EPT complexes of3 at +245, +446,

assumed to be isostructural due to the similar ionic radii of these —900, and—936 ppm, respectively (at40 °C). This resongnpe
WO ions. could not be detected at40 °C or above for the remaining

The solid-state structures of BB)( and Th@) (unpublished) are comple>_<§s._ hat the ; d
nearly identical square antiprismatic structures (often referred to . (_30n3| ering that theH NMR spectra o Snd) and Eug)
as theM isomer). Interestingly, the twist angle between N4 and mdpated that the water exchangg rate in these cgmplexes was
04 planes is slightly smaller in T8 (38.0°) than in Eug) (38.5) S'mt'_'arla“q ts'owf; than thf‘;. sie%'rﬁ,,\ﬁg@ﬂd Gde), 1'7towﬁi,|g
consistent with a slightly longer FiOaer(2.427 A) bond distance particuiar interes 33 _verlfy s by 17 owever, 7
(EU-Ouaer = 2.414 A). This trend, an increase in £@uer spectra of .the. Lg®* ions in dry CIRCNY indicated that thé’O
bond distance with smaller ionic radii, is opposite that reported contact shift induced by St is so small that the bound water

for other DOTA-like complexes: for LnDOTAcrystals, Et-Owyater :gzgzgggg El)'fo igclvﬁshzti);"h;gggngy th%eml? lr\lgdi ﬁ“gd‘g:;er
(2.480 A0 2483 A1) > Gd—Oupaer (2.463 A2 > Y—Opaer ' ' Q a

12 _ . 3 as triflate salts) were added to two different samples of3priipese
(D20433 : c@staﬁ:fzé &ﬁi) >(2Lgo }(_\)1‘”5)&“1 (3'_456 Al(%’ 4];)(&1%?25 d cations were chosen for use as “bulk water” shift reagents because
’ ater . water . ’

. 7 - .
0rLE Gyl G0, (451 40 - Dy “Guoc(ad27 1), [ S s otk watr et shecons
Furthermore, an analysis of thid and'’O lanthanide induce shifts 9519

- - near—13 ppm appearing in the resultid@® NMR spectra (Figure
(LIS). for Ln(_31 C?mﬁlﬁﬁ; |r1d|catedbtr1tﬁt_they ?re'tliostrugtgral 1) was assigned to the bound water resonance oBSm(similar
(again, consistent wi . isomer) bo 1 I acetonitriie-and in experiment successfully resolved tH® bound water signal of the
water along the L¥ series (see Supporting Information, Figures

diamagnetic Y8) complex (ca. 25 ppm), but failed to resolve the
S1 and S2). This anomaly between varying water exchange rate g 9 plex ( ppm)

for isostructural | timulated luationgP® f bound water resonances of Baor Lu(3).
or isostructural compiexes stimulated an evajuation or For complexes where a Eh-bound water signal could be directly
the remaining Ln§) complexes.

observed by eitheiH or 170 NMR, 72°8 values were obtained by
fitting the temperature dependence of the bound water line width

:Sgggf&%”g}“%eigtshg{-[')Eé{l';";”: sherry@utdallas.edu. using standard exchange thedrffor those complexes where a
* Rogers Magnetic Resonance Center bound water signal could not be observed &d{Tb(3), Dy(3),
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methylamide of DTPA) series. Hergy2% was found to be largest
for the early members of the Ehseries, then decrease with cation
size (1.89, 1.52, 2.32, 0.86, 0.28, and Qu&for Nc&**, EL*T, GBH,
Th3*, Dy3*, and HG", respectively) Activation volumes AV¥)
determined from variable-pressure NMR data for this DTPA bis-
amide series indicated that the mechanism of water exchange
switches from an interchangé,)) or associative mechanism to a
dissociative mechanism along the lanthanide séfiéhe data
reported here for the L8] complexes show that water exchange
is exquisitely fine-tuned in this macrocyclic tetraamide system.
Although the exact mechanistic reasons for the dramatic differences
shown in Figure 2 will require further kinetic study, thg?°® shown
in the figure will be useful in designing new MT agents that meet
the exchange requirememtw* 7y > 18 These data show that a
00 100 0 100 200 PEM much richer variety of LA complexes may indeed meet this

Figure 1. YO NMR spectra of 30 mg of [SrBJ(H-O)](triflate)s in 0.5 requirement.

mL of CDsCN plus 10uL of water (10%!7O enriched) at 23C (bottom), ;
after adding 16 mg of Er(triflate)as shift reagent (middle), and after adding Ackr%WIedgn;ent. Supported "Lpart b.y gr?ms f_rom thefRObelrrt]
29 mg of Nd(triflate} to a second sample of SB)((top), respectively (the A. Welch Foundation (AT-584), the National Institutes of Healt

small and sharp peak (around 170 ppm) was assigned to the triflate anion).(CA-84697), and the division of Research Resources, National
Institutes of Health (RR-02584).

1000
£ Supporting Information Available: Figures S1 and S270 and
o 2001 IH LIS analysis for the Lrf) complexes; Tables S1 and S2, kinetic
600 4 Sm parameters for water exchange in the n¢omplexes obtained from
®” 170 and*H NMR line width fittings (PDF). This material is available
S 400 Gd free of charge via the Internet at http://pubs.acs.org.
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