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Notes

Crystal Structure and Solution Fluxionality of the Pr and Eu complexes in MeOD and for the Eu complex i® D

Lanthanide Complexes of has been confirmed by two-dimensional homonuclear COSY correlation
. . .. spectra. Rate data were obtained from 2D-EXSY spectra using volume

2,4,6,-Tris-2-pyridyl-1,3,5-triazine integration data treated as a two-site exchange when only the internal

. . . . rotation exchange occurs and as a three-site exchange when both free/
Raphad Wietzke, l\/lannella Mazzantl,*; complexed ligand exchange and rotational exchange occur. ®@ 2
Jean-Marc Latour,* and Jacques Peaut and the 3x 3 matrixes of signal intensities were treated using the
Laboratoire de Reconnaissance |0nique and Program D2DNMRE Mixing time values of 5, 10, and 20 ms were
Laboratoire de Chimie de Coordination; [Retement de used in the EXSY experiments in MeOD and mixing time values of 5,
Recherche Fondamentale sur la Megi€ondese, 20, and 100 ms were used for the EXSY experiments in MeQD/D
; . ; ; ; 50/50. Mass Spectra were measured with a ZAB2-SEQ instrument.
Commissa?ig;‘velk’cén%erg?ehxtl)emligzga:[];qruuee e('jtele?\}lc;%IthSe' Elemential'analysis were performed by SCA/CN RS_, Vernaison, France.
380;54 Grenoble Francé Conductivity measurements were performed with a 712 Metrohm
! conductimeter. Solvents and starting materials were purchased from
Receied January 28, 1999  Aldrich, Fluka, and Alfa and used without further purification.
Synthesis of [Eu(tptz)Ck(MeOH),]-(MeOH) (1). Tptz (71.8 mg,
Introduction 23.3 mmol) was added to a solution of EgGH,O (85.4 mg, 23.3
mmol) in methanol (5 mL). Afte 1 h of stirring, the complex was
The separation of actinides from lanthanides in strongly acidic precipitated as a beige powder by addition of diethyl ether, filtered,
solutions is a key step to be achieved to perform complete washed with diethyl ether, and dried in vacuo. Yield: 70%. Suitable
nuclear fuel reprocessing. The similarity of the solution crystals for X-ray analysis were obtained by slow evaporation of a
chemistry of these trivalent catiohsakes it an immensely ~ concentrated solution of the complex in methanol. Anal. Calcd for
difficult task. Aromatic nitrogen ligands have revealed some [EU(tptz)Ct]-4HzO, CisH2oClsNeO:EU: C, 33.63; H, 3.14; N, 13.08.
promising properties in this respect. The ligand'B,2"- gggﬂds)pigzg‘t;%:g} yﬁ%%éG?Hleﬂ)Rs(g(s)o(sM?HZ’ g)?sgSDé
terpyridine (terpy) is able to extract Am(Ill) 1 order of T I e T e
magnitude more strongly than Eu(lll) from nitric acid solutions (s, 1H, F); 7.95 (s, 1H, H); 7.86 (s, 1H, M), 7.36 (s, 1H, H); 6.51

(s, 2H, H). An at 298 K in methanol: 57 (22~* cn? mol~* at 4.6 x
of the two metals at pi= 2—32 On the other hand, when used 1521 136 (10)Q* cr? mol % at 102 M.

in conjunction with a carboxylate co-extractant, the ligand 2,4,6,-  The complex [Eu(tptz)(N§)s] was prepared in the NMR tube and
tris(2-pyridyl)-1,3,5 triazine (tptz) allows to extract Am(lll) more  was not isolated.
strongly than Eu(lll) at lower pH (pH= 1).23 However the [Eu(tptz)(NO3)3]. *H NMR (400 MHz, GDsN, 298 K, 8): 25.96
nature of the species involved in the extraction has not been(s, 2H, H); 10.74 (s, 2H, H); 9.17 (t b, 2H, H); 8.46 (s, 1H, H);
studied. Terpy complexes of lanthanides have been structurally7.49 (d b, 1H, H); 7.44 (m, 1H, H); 6.94 (m, 3H, H, H3).
characterized .Nevertheless, while the synthesis of lanthanide ~ Synthesis of [Ln(tptz)(OAC)]>-2MeOH (Ln = Pr, Eu). Ln(OAc)s
complexes of tptz has been described by Hart and co-workers(0-2 mmol) was added to a solution of tptz (0.2 mmol) in methanol (3
in 19695 no crystallographic report or solution study of these ML) After 1 h of stirring, the complex was precipitated as a beige
complexes have yet appeared. We report here the Crysta|powder by ?.ddlltlon of diethyl _ether (20 mL), filtered, washed_and dried
. . . in vacuo. Yield: 65-70%. Suitable crystals for X-ray analysis of [Pr-
structures of the europium chloride and of the praseodymium

- (tptz)(OAC)].:2MeOH @) were obtained by slow evaporation of a
acetate complexes of tptz and we present NMR evidence forconcentrated solution (9.6 1072 M) of the complex in methanol.

the fluxional behavior of these complexes in solution. In Eu(tptz)(OAc)s. 'H NMR (400 MHz, CDOD, 298 K, d): 31.96 (s
addition, we show that tptz is a better ligand than terpy in acidic 24, 1) 12.48 (s, 2H, H): 10.50 (s, 2H, ¥); 8.69 (s, 3H, Hand
media owing to its additional protonation/complexation site.  H3); 8.51 (s, 1H, H); 8.01 (s, 1H, K); 7.45 (s, 1H, H); —3.55 (s b,

. . 9H, OCOCH). An at 298 K in methanol: 8.3 (0.Zp~* cnmol™! at
Experimental Section 4.6 x 102 M, 34 (3) Q! cPmol* at 10°°M.

General. 'TH NMR spectra were recorded on a Bruker AM-400 Pr(gptz)(OAc)s. *H NMR (400 MHz, CQOD, 298 K,6): 9.38 (s,
spectrometer using GD and GDsN solutions with MeOH and 1M, H); 9.07 (s, 2H, F); 8.81 (s b, 10H, ¥ OCOCH), 8.38 (s, 1H,
CsHsN as internal standards. The assignment of the NMR signals for ;'H);I—%)OG (s, 1H, H); 7.27 (s, 2H, H); 4.53 (s, 2H, H); —0.34 (s,

* Corresponding author. E-mail: mazzanti@drfmc.ceng.cea.fr. X-ray Crystallography . Crystal parameters and details of data
T Laboratoire de Reconnaissance lonique. collection and refinement are given in Table 1 (for full details see the
* Laboratoire de Coordination. Supporting Information). To prevent loss of solvent, a suitable crystal
(1) Nash, K. L. InHandbook on the Physics and Chemistry of Rare Earth  was quickly transferred from the mother liquor to a stream of cold
Sggh”Eel'Sdgvei;r }éc'i:r'] CJé"BE\yr_'ng'm I;t'e?dh;rﬁpllnégai \R/SILigder, G. H.' nitrogen at- 130°C on the diffractometer. The crystal was analyzed
(2) Hagstrom, I.; Spjuth, L.; Enarsson, A.; Lilienzin, J. O.; Skalberg, M.; using a Slemens SMART_ CCD area detector_three-cwcle diffractometer
Hudson, M. J.: Iveson, P. B.. Madic, C.; Cordier, P.-Y.: Hill. C.. (Mo Ka radiation, graphite monochromatdr,= 0.710 73 A).
Franmis, N. Sobent Extr. lon Exch1999 17, 221. The cell parameters were obtained with intensities detected on three
(3) Vitorge, P. Complexation de lanthanides et d’actinides trivalents par batches of 15 frames with a 10 s exposure time for each. The crystal-
la TPTZ. Application en extraction liquiddiquide. 1985, Report 1984, detector distance was 6 cm. For three settingsafid 2, 1200 narrow

@) ESF’)Ae-E-?ZZT]Q'Weimin L Skelton. W. B.: White. A. Wust. J. Chem data frames were collected for 0.Bcrements inv. A full hemisphere
1994 47, 365. -

(5) Durham, D. A.; Frost, G. H.; Hart, F. Al. Inorg. Nucl. Chem1969 (6) Abel, E. W.; Coston, T. P. J.; Orrell, K. G.ji$ V.; Stephenson, D.
31, 571. J. Magn. Reson198§ 70, 34.
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Table 1. Crystallographic Data for [Eu(tptz)giMeOH),]-(MeOH)
(1) and [Pr(tptz)(OAQ)22MeOH @)

1 2
formula GoH2sNsO4ClsEU GsoHs50N 12014PT2
fw 698.81 1324.84
temperature 293(2) K 293(2) K
wavelength 0.71073 A 0.71073 A
cryst syst triclinic triclinic
space group P1 P1
a, 7.1306(5) 9.369(4)

b, A 13.8850(9) 11.168(4)

c, A 13.9400(9) 12.663(4)

o, deg 96.3090(10) 93.01(3)

S, deg 100.4130(10) 105.53(2)

y, deg 99.3150(10) 92.57(2)
V,Z 1325.72) &, 2 1272.4(8) & 1
Deal g CNT2 1.751 1.729

u (Mo Ka), mmt
no. of params refined
Ry, WR?

2.708
325

R; = 0.0622,
WR; = 0.1664

1.972
353

R; = 0.0516,
WR; = 0.1295

a Structure was refined oR,? using all data: W, = [J[wW(Fe? —
Ay wW(FA?Y2, wherew ™ = [0(F?) + (aP)? + bP] and P =

Notes

Table 3. Selected Bond Lengths (A) and Angles (deg) 2or

[max(Fo?, 0) + 2FA/3.

Table 2. Selected Bond Lengths (A) and Angles (deg) for

Eu—0(1) 2.483(4)
Eu—0(2) 2.488(4)
Eu—N(1) 2.555(4)
Eu—N(4) 2.617(4)
O(1)-Eu-0(2)  67.12(14)
O(1-Eu-N(1)  132.61(13)
O(2)-Eu-N(1)  119.90(13)
O(1)-Eu-N(4)  78.34(13)
O(2)-Eu-N(4)  72.80(13)
N(1)-Eu-N(4)  62.67(13)
O(1)-Eu-N(5)  141.36(14)
O(2)-Eu-N(5)  143.28(14)
N(1)-Eu-N(5)  63.21(13)
N(4)-Eu-N(5)  125.64(14)
O(1)-Eu-CI(1)  138.84(10)
O(2)-Eu-Cl(1)  71.92(10)
N(1)-Eu-CI(1)  72.76(10)
N(4)-Eu-CI(1)  93.54(11)

of data was collected. At the end of data collection, the first 50 frames

were recollected to establish that crystal decay had not taken place

during the collection. Unique intensities with> 100(l) detected on

all frames using the SAINT programvere used to refine the values

of the cell parameters. The substantial redundancy in data allows

empirical absorption corrections to be applied using multiple measure-

ments of equivalent reflection with the Siemens SADABS progfam.
The structures were solved by direct methods using the SHELXTL

5.03 packagé, and all atoms were found by difference Fourier

syntheses. All non-hydrogen atoms were anisotropically refingd%n

and hydrogen atoms were included in calculated positions. Selected

bond lengths and angles are given in Table 2ifand in Table 3 for

2.

Results and Discussion

Reaction of tptz with EuGt6H,0 in a 1:1 ratio in methanol
yields the complex [Eu(tptz)@MeOH),]-MeOH (1) which was
isolated by adding EO in 70% yield. Single crystals of
[Eu(tptz)CE(MeOH),]-MeOH (1) were obtained by slow evapo-
ration of a concentrated methanol solution of the complex.
Conductivity measurements show that in methanol af M

Et-N(5) 2.646(4)
Et-CI(1) 2.6874(14)
Eu-CI(2) 2.6967(14)
Ew-CI(3) 2.7378(14)
NGYEu-CI(1)  75.21(11)
O(Eu-CI(2)  78.49(10)
O(2}Eu-CI(2)  87.04(9)
N(1}Eu-Cl(2)  143.51(9)
N(4¥Eu-CI(2)  153.82(10)
NGYEu-CI(2)  80.45(10)
Cl(IYEu-CI(2)  95.92(5)
O(IYEu-CI(3)  75.74(10)
O(2yEu—CI(3)  139.26(10)
N(L}yEu-CI(3)  74.55(10)
N(4YEu-CI(3)  84.12(11)
NGYEu-CI(3)  77.35(11)
CI(1YEu-CI(3)  144.20(4)
Cl(2YEu-CI(3)  101.76(5)

(7) Software package for use with the SMART diffractome3emens

Analytical X-ray Instrument Inc.: Madison, WI, 1995.

(8) Sheldrick, G. M.SHELXTL-Plus 5th ed.; Sheldrick, G. M., Ed;

University of Gdtingen: Germany, 1994.

Pr(1-0(21)#1 2.452(5) Pr(H0(26) 2.574(5)
Pr(1-0(24) 2.513(5) Pr(yy0(21) 2.592(5)
Pr(1-0(25) 2.535(5) Pr(1N(5) 2.674(6)
Pr(1-0(23) 2.544(5) Pr(1N(1) 2.687(6)
Pr(1-0(22) 2.551(5) Pr(1N(4) 2.717(6)
O(21)#1-Pr(1-0(24) 140.0(2) N(5)Pr(1)-N(1) 61.0(2)
O(1)#-Pr(1-0(25)  81.3(2) O(21)#EPr(1)-N(@4) 71.0(2)
O(24y-Pr(11-0(25)  136.6(2) O(24}Pr(1)-N(4)  80.0(2)
O(L#L-Pr(1-0(23) 92.2(2) O(25YPr(1)-N(4)  139.8(2)
O(24)y-Pr(1-0(23)  51.6(2) O(23}Pr(1)-N(4)  71.0(2)
O(25)-Pr(1-0(23)  140.2(2) O(ZPr(1)-N(4)  142.9(2)
O(21)#1-Pr(1-0(22) 115.0(2) O(26}Pr(1)-N(4)  93.4(2)
O(24y-Pr(1-0(22) ~ 73.9(2) O(HLPr(1)-N(4) 118.8(2)
O(25)-Pr(1-0(22)  75.2(2) N(5}-Pr(1-N@4)  119.4(2)
0(23)-Pr(1-0(22)  72.2(2) N(1}Pr(1)-N(4) 59.3(2)
O(1)#1-Pr(1-0(26) 74.5(2) O(25YPr(1)-0(26)  50.5(2)
O(24)y-Pr(1-0(26)  135.4(2) O(23}Pr(1)-0(26) 162.4(2)
0(22)-Pr(1-0(26)  123.7(2) O(22Pr(1)-N(B)  77.8(2)
O(L#E-Pr(1-0(21) 64.7(2) O(26YPr(1)-N(B)  71.8(2)
O(24)-Pr(1)-0(21) ~ 109.6(2) O(RBPr(1)-N(5G)  121.2(2)
O(25)-Pr(1y-0(21)  70.8(2) O(21)#xPr(1)-N(1) 112.5(2)
O(23)-Pr(1-0(21)  70.9(2) O(4YPr(1)-N(1)  72.4(2)
0(22)-Pr(1-0(21)  50.4(2) O(25YPr(1-N(1)  109.2(2)
0(26)-Pr(1-0(21)  112.0(2) O(23}Pr(1)-N(1)  109.6(2)
OQL#E-Pr(1-N(5) 145.2(2) O Pr(1)-N(1)  132.4(2)
O(24)-Pr(1)-N(5) 735(2) O(26)Pr(1-N(1)  66.6(2)
O(25)-Pr(1)-N(5) 70.7(2) O(Q1yPr(1-N(1)  177.2(2)
0O(23)-Pr(1-N(5)  122.5(2)

Cl24)

Ot4)

Figure 1. Side view of the crystal structure of the complex [Eu(tptz)-
Cl3(MeOH)]-MeOH 1 with thermal ellipsoids at 30% probability.

the compound behaves as a 1:1 electrolyte. The FAB mass
spectra showed a strong peak correspondingvt¢ptz)CI} 2*
arising from the loss of two coordinated chlorides and two
smaller peaks correspondingfthl(tptz)} 3+ and{ M(tptz)Cl,} *
arising from the loss respectively of three and one coordinated
chlorides. The crystal structure @fis shown in Figure 1. It
consists of discrete monomeric molecular units. The europium
is eight-coordinate with three heterocyclic nitrogens of tptz
which acts as a tridentate ligand, three chlorine ions and two
methanol molecules. The coordination geometry around the
metal is best described as a dodecahedron. The central triazine
and two pyridine sidearms of the ligand adopt a—ds
conformation resulting in a planar coordination of the metal.
The torsion angle around the C{2L(9) axis relative to C(2)
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Figure 2. Side view of the crystal structure of the dimeric complex o ° L
[Pr(tptz)(OAC)]2»2MeOH 2 with thermal ellipsoids at 30% probability. [10.0
N(1), C(9)-N(5) is 5.7 and the torsion angle around the Cf1) F190
C(4) axis relative to C(E)N(1), C(4-N(4) is 4.£. The metal -
is 0.25 A out of the plane of the tptz. The tptz ligand is not :140
strictly planar, the higher deviation values beit@.21 A for r
C(8) and— 0.21 A for C(13). The EtrN(triazine) distance is !
shorter (2.555(4) A) than the EtN(pyridine) ones (2.616(4), I 16.0
2.645(4) A). This behavior is not shown by the terpy analogue . . »
[Eu(terpy)CI(HO)s]Cl2* where the EuN distance for the L18.0
central pyridine is marginally shorter (2.542(5) A) than those I

for the pyridine side arms (2.551(4) A). Therefore it indicates
a stronger interaction of the lanthanide ion with the triazine
nitrogen than with the pyridine nitrogen. It is noteworthy that (par)

a strong hydrogen bond exists between a methanol moleculeFigure 3. *H two-dimensional EXSY spectrum (at 298 K, mixing time
and the uncoordinated nitrogens of the triazine and a pyridine 30 ms) of [Eu(tptz)G(MeOH),] in MeOD showing exchanges (H3

as shown by the short distances between the oxygen atom O(4J14~H5~H6 = H3—H4'—H5—HE) due to the rotational process.

of the uncoordinated methanol molecule presentin the celland, =~ | . o

the uncoordinated pyridine nitrogen (Of)(6) = 2.921(9) A) indicating an equivalence of these pyridines that can only be

180 160 140 120 100 80 6.0

and the uncoordinated triazine nitrogens (G(4)3) = 3.319 explained by the presence of an overall 2-fold symmetry in
(9) A). The methanol oxygen forms also a strong hydrogen bond solution which is not present in the crystal structures. This
with a pyridine G-H (O(4)—H(5) = 2.39(1) A). observation suggests that the methanol molecules present in the

crystal structure ofl undergo rapid exchange with solvent
molecules and the pyridine non coordinated to the metal rotates
rapidly around the €C bond after breaking of the hydrogen
bonds with methanol. In addition conductivity measurements
at the NMR concentration indicate the presence of the neutral
complex and the monocation. Therefore the bound chloride ions
must exchange rapidly on the NMR time scale between the
different chloride positions. The symmetry of the NMR spectrum
of 2 suggests that the dimeric form of the complex exchanges
rapidly in solution with a monomeric form of the complex in
which the uncoordinated pyridine rotates rapidly around the

The increased extraction efficiency of tptz in the presence of
carboxylato coextractants motivated the structural study of the
praseodymium acetato complex of tptz. Single crystals of the
complex [Pr(tptz)(OAg)2:2MeOH @) were obtained by slow
evaporation of a concentrated methanol solution of the complex.
The crystal structure &, which is a dimeric complex, is shown
in Figure 2. Each praseodymium ion is ten-coordinate with three
heterocyclic nitrogens of tptz which acts as a tridentate ligand,
and two bidentate acetates; the remaining three coordination
sites are occupied by two oxygens of a bidentate and bridging

acetate and one acetato oxygen from the other [Pr(tptz)(§PAc) C—C bond. The EXSY spectrum df (Figure 3) shows an

unit. The praseodymium ions are therefore doubly bridged by .
two (2,4-1,1)-acetates and separated by 4.263 A. The coordina—?XChamge (slow on the NMR time scale) between all protons

tion of the tptz ligand is quite symmetric with a-PN(triazine) indicating that the metal moves around the three coordination
distance value of 2.687(6) A and the-f(pyridine) distance sites _Of _the ligand as s_hown n scheme L

values of 2.674(6) and 2.717(6) A. These values are larger than_ A Similar type of rotational motion has already been observed
the values reported for the terpy complex [Pr(terpy) G- by Orrell and co-workeﬁ§lm the platinum(ll) .compllex of.tp.tz
Cl, (Pr—-N = 2.635(4) and 2.625(3) A).The torsion angle [Pt(CsF4CFs-p)2(tptz)]. An intramolecular partially dissociative
around the C(2)yC(9) axis relative to C(2}N(1), C(9)-N(5) mechanism was found for the “hurdling” process in the platinum
is 2.2, and the torsion angle around the G{0)(4) axis relative ~ COMPIlex. Two mechanisms can be invoked to explain the
to C(1)-N(1), C(4)-N(4) is 2.0. The metal is 0.51 A out of observed rotation of the europium ion around the ligand: (i)
the plane of the tptz. Also in this complex the methanol molecule the complete dissociation of the metal followed by reassociation

present in the cell has a strong hydrogen bonding interaction ©" a_dif_ferent site, and (i) th_e par_tial dissociation of Eu frqm
with a triazine nitrogen, a pyridine nitrogen and a pyridine the triazine and one of the pyridyl nitrogens, followed by rotation

hydrogen (O(273N(3) = 3.349(11) A. O(27>-N(6) = 2.939 of the remaining metal-bound pyridyl group about the pyridyl-
ydrogen (O(27) N( ): (1) 27y NE) triazine bond and metal binding by a different triazine nitrogen
(11) A, and O(273-H5 = 2.473(11) A). ) i S
and a different pyridyl group. To try and discriminate between
these two possibilities, EXSY spectra were recorded on
methanol solutions of tptz complexes prepared in situ starting

The NMR spectra of the complexdsand 2 in methanol
solution show four signals for the unmetalated pyridine; only
four signals of double intensity instead of eight signals of single
intensity are observed for the two coordinating pyridines

' (10) Gelling, A.; Olsen, M. D.; Orrell, K. G.; Osborne, A. G.ikSV. J.
Chem. Soc., Chem. Commadf97, 587;Inorg. Chim. Actal997, 264,
(9) Radonovich, L. J.; Glick, M. DInorg. Chem.1971, 10, 1463. 257.
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Scheme 1 B
. HY 5
5 » . HY B
4 | X 6 H Hs'H H’Hr H
C o
3 —_N | C\ Fl HS H
_N X (ppm) 4 * oos o
NN \ 7 PP ¥ 5 . 0,0’
s Il | s BT 1. 2,8 8607 g
DD SR 0 3 e
B Z N 104
_N N__~ AN
5 ~ | - 5 | A N | B\ IBE
6 Eu 6 _N % 124
/N 2
X X X 134
147
157
167
17%- [
N 17 16 15 14 13 12 11 10 9 8 7
X, AN F2 (ppm)
X_/E“\N SN Figure 4. H two-dimensional EXSY spectrum (at 298K, mixing time
X | I 100 ms) of [Eu(tptz)G(MeOH),] in MeOD/D,O 50/50. The cross-
AN N A peaks result from the rotational process (H¥—H6—H5—H6 <~
| A/ N’ B/ H3' —H4'—H5'—H6') and from the exchange free ligand (*)/complex
H3*—H4*—H5*—H6*) < (H3,H3—H4,H4—H5,H5—H6,H6).
X = Cl-, NOg-, OAc- .
H5—H6 < H3—H4'—H5'—H6') appear in the EXSY spectra
Scheme 2 (Figure 4) in addition to the peaks (H3H4*—H5*—H6*) <
(H3,H3—H4,H4—H5,H5—H6,H6) due to the exchange be-
X ) )
| ¢ Ve tween free and complexed ligand. The first-order rate constant
7~ for the rotational proces&(s™1) = 0.4) is an order of magnitude
20N 8 smaller than the one for the exchange between the complex and
_ the free ligandK(s™) = 6). This experiment indicates that the
| X NTY S rate of the rotation process is slower than the rate of tptz
/l;l\ | Nz dissocia_tion. Again this observation supports a dissociative
Eu ° mechanism.
f At pH = 1 both ligands, terpy and tptz, are bisprotonated
(pPKa1 = 4.9 for terpy and 4.5 for tptz;K, = 4.0 for terpy and
Eu(tptz) Eu(terpy)

from europium salts EuxH,O where the counterions X

1.8 for tptz}, but while at this pH the terpyridine loses almost
completely its extracting efficiency, tptz can still selectively
extract actinides. To help understand the different behaviors of

NO;™ and AcO™ are bulkier than Cl. Conductivity measure-  terpy and tptz in the extraction in acidic media we studied by
ments performed on 18 M and 4.6 x 102 M methanol  NMR spectroscopy the complexation of europium(ll) with the
solutions of the acetate salt of europium gives conductivity mono- and bis-protonated forms of terpy and tptz in methanol
values inferior to the one reported for 1:1 electrolytes indicating solution. Titration of 1:1 solutions of EugbH,O and terpy or
that only one of the acetate ions is partially dissociated, the tptz in CD;OD (6.1 x 102 M) with a solution of trifluoroacetic
remaining acetate ions staying coordinated to the europium. All acid in CD,OD was followed by NMR. When 1 equiv of acid
the corresponding spectra show the same exchange peaks found added, a ratio of complexed to free protonated ligand of 0.8
in the EXSY spectrum ofl and the first-order rate constants \yas observed for terpy and of 2.0 for tptz. When two equivalents
for the rotational process (H3,4,5:6 H3',4,5,6) measured  of acid are added this ratio became 0.2 for terpy and 1.2 for
from integration of the NMR peaks(k(s™) = 7 for 1 andk(s ™) tptz indicating a much stronger coordinating ability of tptz at
= 17 for [Eu(tptz)(OACc)]2) do not indicate any effect of steric  high acid concentration.

hindrance by the ligand X on the rotation of the metal around  \ye pelieve that the different behavior of the two ligands is
the tptz. These observations suggest that the rotation mechanisngye to the presence in tptz but not in terpy of a protonation
is based on complete metal dissociation. Moreover EXSY gjte, N6 and N3 (or N2 depending on the pyridine orientation),
spectra were recorded using different mixing time values for a i addition to the tridentate coordination site N4, N1, N5. Indeed,
solution of 1 (10 mg) in a solvent mixture CIDD/D;O at a  in the three structurally characterized metal complexes of tptz,
ratio 1/1 (0.7 mL). Under these conditions the 1B NMR the N6, N3(N2) site is either hydrogen bonded (this work) or
spectrum of the complex shows two sets of signals which were protonated? Addition of 1 equiv of acid to the tptz complex
attributed to the complex and to the free ligand with a ratio of should result in the protonation of the pyridine nitrogen N6 not
complexed to free ligand obtained from signal integraen  hound to the metal. The protonated ligand shows a lower affinity
3:1. When a mixing time of 5 ms is used to record the EXSY  (jn methanol solution) for the metal than the non protonated
spectrum only the exchange H3H4* —H5*—H6* <> H3,H3— tptz due to the increased electrostatic repulsion occurring upon
H4,H4 —H5,H5 —H6,H6 between the complex and the free  complexation of tptzH with Ln3*. When a second equivalent

ligand is observed. When a mixing time of 100 ms is used the of acid is added, one of the two pyridine nitrogen bound to the
exchange peaks due to the rotational motion -(Hig—H6—

(12) Byers, P.; Chan, G. Y. S.; Drew, M. G. B.; Hudson, M. J.; Madic, C.
Polyhedron1996 15, 2845.

(11) Perrin, C. L.; Dwyer, T. JChem. Re. 199Q 90, 935.



Notes Inorganic Chemistry, Vol. 38, No. 15, 1998585

metal (N4 or N5) should be protonated leaving a bidentate spectra, Frafmise Sarrazin for recording some NMR spectra,
coordination site for the complexation of the metal. Addition Michel Bardet for assistance with the determination of the rate
of 2 equiv of acid to the terpy complex should result instead in constants, and Keith Orrell for a copy of the program D2DRMN.
the protonation of two terpy nitrogens leaving only a mono-
dentate coordination site with a very poor affinity for the metal. ~ Supporting Information Available: Tables S+S19 listing all

The propensity of the site N6, N3(N2) to fix protons leaving ~&tomic coordinates, equivalent isotropic and anisotropic displacement
the tridentate N4, N1, N5 site available for the metal complex- Parameters and hydrogen coordinates for the structurésaofd 2;

ation may be the basis for the superior ability of tptz (vs terpy) EXSY spectrum of a solution of 10 mg fin 0.7 mL of a 1/1 mixture
CDsOD/D;0O at 5 ms. X-ray crystallographic files, in CIF format, for

E?”()axtract Am(ill) from nitric acid solutions of Am(lll) and Eu- the two structures. This material is available free of charge via the
’ Internet at http://pubs.acs.org.
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