Inorg. Chem.1999, 38, 2541-2543 2541

Formation and Crystal Structure of a Polymeric Table 1. Crystal Data and Structure Refinement
La(H ;salen) Complex empirical formula Ga HosClLaNsOr3
fw 699.79
. cryst syst monoclinic
Wenhua Xie, Mary Jane Heeg, and space group P2(1)h
Peng George Wang a, A 8.6049(4)
_ o b, A 15.2542(7)
Department of Chemistry, Wayne State University, c, A 22.3577(11)
Detroit, Michigan 48202 o, deg 90
B, deg 96.3130(10)
Receied March 9, 1999 v, deg 90
vV, A3 2916.9(2)
_ z 4
Introduction Qeaie, g CNT3 1.594
Coordination chemistry of lanthanide(lll) Schiff base com- cryst size, mm _0'2& 0.28x 0.08
. . h, k, Irange 11to11,0to 19,0to0 28
plexes has been extensively studied in the past two deéadles. 6 range, deg 1.6228.28
Considerable work has concentrated on Ln(lll) complexes with  F(000) 1396
N,N'-ethylene bis(salicylideneimine) gslaleny:~13 Depending goodness of fit orfF 2 0.972
on the preparative procedures, a number of Ln(lIpsaden final Rindices ( > 26(1)) R1=0.0437, wR2=0.1236

(salen) complexes with different compositions have been  Rindices (all data) R¥0.0716, wR2=0.1535

reported, including Lg(salen},*512 [Ln,(H.salen}(NOs),]- ) )
(NF()33)2-3H20,5 Eu(l—?salé(n)(salgr% Ln([stzzfllezn))g-na(zO, SL);]Z_ of CH,Cl, and standing for 23 h, a second portion of the product

. ' . was afforded (0.230 g) with a combined yield of 73%. Found: C, 33.17;
(HzsaleniXe:nH20, Ln(HzsalenXs:nHz0, and Ln(HsalenXs H, 3.25; N, 10.98. Calcd for GHzlaNsOrs C, 32.89; H, 3.68; N,

nHz0 (X = CI, Br; n = 0—2).* Despite the large number of 14 65 yp 261°C (dec).!H NMR (CDsOD, 400 MHz): 3.27 (s, 6H),
such complexes, most of the structures were proposed on thes g1 (s, 4H), 6.75 (m, 4H), 7.23 (m, 4H), 8.39 (s, 2H) ppm. IR (KBr):
basis of the compositions and spectroscopic data. Very little 3589 (w), 1644 (vs, w), 1603 (vs), 1528 (s), 1480 (s, w), 1432 (s, w),
crystallographic evidence is available so far as to the coordina- 1377 (s), 1325 (s, sh), 1315 (s), 1281 (s), 1225 (s), 1144 (s), 1028 (s),

tion mode of the Schiff base ligand. 1000 (m), 900 (m), 852 (m), 799 (M), 762 (s), 733 (M), 566 (sytm
We report here the formation and crystal structure of a UV—Vis (MeOH): Amax (€): 210 (6.1x 10%), 242 (2.3x 10%), 256
polymeric lanthanum psalen complex, [La(bsalen)(NQ)s- (2.0 x 1), 319 (4.5x 10) nm.

(MeOH),],, a composition not reported before. To our best ~ X-ray Analysis. Crystals suitable for X-ray determination were
knowledge, this is the first report of the X-ray crystal structure obtained from a MeOH/CHCI, solution at room temperature. Crystal-

. . f lographic data were collected at room temperature on a Siemens
of lanthanide complexes with neutrabsalen ligands. automated P4/CCD diffractometer with graphite-monochromated Mo

Experimental Section Ko radiation. A_ hemisphere_ of data (1390 frames) were collected at
10 s/frame and integrated with the manufacturer's SMART and SAINT
General. All chemicals were reagent grade and were used as software, respectively. Cell constants were refined with SAINT.
received. NMR spectra were recorded on a Varian 400 spectrometer,Absorption corrections were applied using Sheldrick's SADABS
infrared spectra on a Nicolet-SX FT-IR spectrophotometer, and UV program and the structures were solved and refined using the program
spectra on a Hewlett-Packard 845X spectrophotometggaleh was of SHELXS-86 and SHELXL-93% 16 053 total data were averaged to
prepared from salicylaldehyde and ethylenediamine by routine methods.yield 6169 R = 0.043) independent reflections. The compound

Synthesis of [La(Hsalen)(NGs)3(MeOH)z],. To a solution of crystallized as a polymeric complex repeating through a crystallographic
Hzsalen (0.500 g, 1.9 mmol) in MeOH/GEI; (40 mL/10 mL) was 2; axis. One-half molecule of distorted methylene chloride was present
slowly added 0.774 g (1.9 mmol) of La(NJ2 hydrate in 10 mL of in the asymmetric unit. Crystal data and a summary of the crystal-

MeOH at room temperature. The initial bright yellow solution turned |ographic analysis are presented in Table 1.

immediately into a light brown color upon addition of La(j)@ A

yellow precipitate formed gradually dugn2 h of stirring. The solid Results and Discussion

(0.680 g) was collected by filtration and washed with CH. The

filtrate was concentrated to half of the initial volume. After addition Formation of [La(H zsalen)(NGs)3(MeOH)],. Formation of
the title La—H,salen complex was readily achieved by the

(1) Hogerheide, M. P.; Boersma, J.; van Koten,@aord. Chem. Re reaction of La(N@)s hydrate with equivalent Schiff basesélen
@ i?gfaﬁggrg\?_(:hem_ Re. 1995 95, 273, in MeOH/CH,Cl, at room temperature (Scheme 1). Methylene
(3) Featon, D. E.; Vigato, P. AChem. Soc. Re 1988 17, 69. dichloride was used here to increase the solubility gdaten.
(4) Costes, J.-P.; Dupuis, A.; Laurent, J.HRorg. Chim. Actal998 268 The immediate color change of theyddlen solution upon
© kzrgher R. D.; Chen, H.: Thompson, L. @org. Cher.1998 37, addition of La(NQ)s solution indicated instant occurrence of
2089, T T : : ' the coordination. Most of the product precipitated out during
(6) Lu, G.; Yao, K.; Chen, W.; Shen, L.; Yuan, Ffingyong Huaxue the stirring. Isolation of additional amount of the product could
1997 14, 1. ) o ) be accomplished by addition of GEl, to the concentrated
U] gﬂgzggi‘g'ésﬁgake“h" A.; Yamada, S.; Orioli,IRorg. Chim. Acta  fiirate. Unlike other previously reported lanthanidessllen
(8) Huang, L.: Huang, C.: Xu, Gl. Struct. Chem1989 8, 1. complexes, the title complex had considerable solubility in
{g% HE\;vLcki,Lv_v.);( uzacc;r.]]argiripeccrt]g)riié 58%9%025, 593. methangl. This_ aIIowe_d crystals suitable for X-ray analysis to
gll) Bulloc?k‘, J.‘I.; fajmir-Riahi, H. AJ. Chem.’Soc., Dalton Tran%978 be obtained with a mixed solvent system of MeOHCH.
36.
(12) Afshar, S.; Bullock, J. llnorg. Chim. Actal98Q 38, 145. (14) Sheldrick, G. M.SHELX-86 and SHELX-93Jniversity of Gditin-
(13) Dutt, N. K.; Nag, K. JInorg. Nucl. Chem1968 30, 2493. gen: Gidtingen, Germany, 1986 and 1993.
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Scheme 1

LaiNOg, + o Ho MeOH/CH,Cl,
rt.
N N=

[La(Hzsalen)(NO3)a(MeOH),],

73%

Characterization and Spectroscopic StudiesThe complex
was studied wittH NMR, IR, and elemental analysis to have
an empirical formula of La(kbalen)(NQ)z(MeOH),, which was
later confirmed by X-ray crystallography. In théd NMR
spectrum, a singlet attributed to the €Hroups of the two
methanol molecules in the complex appeared at 3.27 ppm, 0.03
ppm upfield than the corresponding solvent peak ofzGD.

This suggested that the two methanol molecules, instead of
existing as inclusion solvent molecules, were coordinated to the
La(lll) ion. Moreover, the exchanging rate between the coor-
dinated methanol (C¥OH) molecules and CEDD was rela-
tively slow as revealed byH NMR, indicating a rather small
dissociation constant of the complex in methanol. Although the

Hpsalen displayed only litle differences in chemical shifts Figure 1. Structural skeleton of the asymmetric unit of [Lagélen)-

CQmparEd W_ith théH NMR spectrum of th? free fdalen, the (NO3)3(MeOH),], with thermal ellipsoids at the 50% probability level.
differences in the IR spectrum were evident. The complex

showed an G-H stretching frequency around 3590 cinThe
broad band centered at ca. 2650 ¢érdue to the intramolecular
hydrogen bond in free jsalert®) was not observed. This
indicated that the intramolecular hydrogen bond was opened
up by the complexation of the metal. Coordination of the
phenolic oxygen was also indicated by a significant decrease
in the C-0 stretching frequencyAw ~ 50 cntl). Due to the
complication of the absorption around the region 160660
cm™1, it is hard to judge from the IR spectrum whether there
was any coordination occurring for the nitrogen atoms of the
imine functionalities.

UV spectrum of the complex provided further information
in solution. The complex showed a new absorption band in
methanol at 242 nm, which was absent both for the free ligand
and La(NQ)s. Apparently this new band was attributed to the
electron transfer between the metal center and the coordinated
ligand. The UV spectrum in acetonitrile was just identical to
that in methanol, though the solubility of the complex in
acetonitrile was considerably lower. However, when measured
in DMSO, the UV spectrum of the complex displayed no new
band. It appeared just as a simple combination of the corre-
sponding spectra of the free ligand and La@\O These Figure 2. Packing drawing showing the polymeric chains.
observations indicated that complex was stable both in methanol
and acetonitrile, but dissociated to give the free ligand in DMSO, formed a polymeric structure related by as2rew axis passing
which is a strong solvating agent. between C(8) and C(9). There were two parallel polymeric

Crystal Structure of the Complex. The complex has aten-  chains extending along thie direction (Figure 2). However,
coordinated metal center as shown in Figure 1. The lanthanumthe solution structure of the complex is not yet very clear,
ion was coordinated with two phenolic oxygen atoms, three although the simplicity of theH NMR, which reflected a
bidentate nitrate ions and two molecules of methanol. Unlike Symmetric structure, seemed to suggest a polymeric form also
previously reported halide complex¥sno coordination took in solution. Further studies are in progress to better understand
place through the imine nitrogen atoms. Instead, the two the solution structure and behaviors of the title complex.
phenolic oxygen atoms, which were believed to be uncoordi-
nated in the corresponding halide complexes, were coordinated(16) Munakata, M.; Wu, L. P.; Kuroda-sowa, Bull. Chem. Soc. Jpn.

r ivel L ms. Th n molecul 1997 70, 1727.

'ESE?Ct ey 10 two abaFg Sb us eactsal?_ olecu eRaCtEd | (17) Bowyer, P. K.; Porter, K. A.; Rae, A. D.; Willis, A. C.; Wild, S. B.
in this manner as a bridge between two La atoms. Recently, Chem. CommurL998 1153.

due to their significance in crystal engineering, there has been(18) Tong, M.-L.; Chen, X.-M.; Yu, X.-L.; Mak, T. C. WJ. Chem. Soc.,
considerable interest in polymeric metal comple¥es® As Dalton Trans.1998 5.

(19) Blake, A. J.; Li, W.-S.; Lippolis, V.; Schroder, MChem. Commun.
1997 1170.

(20) Goodgame, D. M. L.; Menzer, S.; Ross, A. T.; Williams, Dinarg.

(15) Freedman, H. HJ. Am. Chem. S0d.961, 83, 2900. Chim. Actal996 251, 141.

mentioned above, by the bridging of,$&len, the complex
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Table 2. Selected Bond Lengths (A) and Angles (deg) un-ionized when coordinated to the 3*a(the authors did not
La(1)-O(1) 2.447(3) La(1y0(2) 2.413(4) mention in refs 22 and 23 the ionization nature of the phenolic
La(1)-0(10) 2.614(4) La(1)yO(12) 2.588(4) hydroxyl groups). If this is the case, the +®(phenolic)
La(1)-0(13) 2.611(4) La(xyO(5) 2.674(4) distances are expected to be longer than the corresponding
La(1)-0(3) 2.674(4) La(1yO(6) 2.681(4) La—O distances where the phenolic hydroxyl groups are
'(‘:"’(‘%)__Oo(%’) iggg% é"’(lggg((?) f'gggggg deprotonated. However, the £&®(phenolic) distances observed
c(6)-C(7) 1.401(7) C(AN() 1.300(7) here are very close to the value (2.42 A) found in a ten-

coordinated salicylidene trigaminoethyl)amine (L) complex

0()-La(1)-0O(1) 144.5(2) O(2rLa(l)-O(12)  78.44(13) : : :
0(2)-La(1)-0(10) 125.98(12) O(12)La(l)—O(10) 79.97(13) La(L)(CRSOs) |n4wh|ch the phenolic hydroxyl group was
O(1)-La(1)-0O(10)  74.84(13) O(1) La(1)-O(13)  71.82(13) evidently ionizec®* When using other related crystallographic
O(12)-La(1)-0(13) 69.56(13) O(16}La(1)-0O(13) 79.67(13) data for comparison, they are found to be even shorter than a
88; —Il-éz(ll))—g((;)) 38128‘3 88:}}::683—88 ﬁgzg(é% predicted average g0 distance (2.53 A) for ionized phenolic

—Lalt)— : alL= : hydroxyl group which is based on the data from the complexes
O La(l)-0(3) - 47.04(13) O(HLa(L)70(0) - 76.99(12) 17 saleny]-[pipH]* 7 and Y(salen)[N(SiMg)](THF)? after

888);@8;:88; 1557;;(3);((3)) 8((&23;?1()13_0%(?) 2?%383 correction for differences in metal ionic radii and coordination

C(1)-O(1)-La(l) 151.2(3) C(16}0(2)-La(l) 149.5(3) number. These observations, together with the notably short

O(4)-N(3)-0(3)  122.7(5)  O(4rN(3)-0(5) 115.7(4) phenolic C-O distances, seem to suggest that the phenolic
@ Numbers in parentheses are estimated standard deviations in theYdroxyl groups most likely exist as deprotonated forms in all

least-significant digits. the three complexes Lagkhlen)(NQ)3(MeOH),, [La(H.L)-

(H20)4]Cl3, and [La(HL)(H20)](COs)3 as mentioned above. It

Selected bond lengths and bond angles are listed in Table 2.is probably true that upon coordination to*athe phenolic
The two La-O (methanolic) bonds are of similar length, hydroxyl groups ionized with dramatically increased acidity;
2.588(4), 2.611(4) A respectively, while £® (nitrate) dis- the protons, after ionization, resided on the imine nitrogen atoms,
tances are in the range 2.614{2.699(4) A (average 2.672 leaving the whole Schiff base ligand remaining as a neutral
A). The phenolic G-O bonds here, C(HO(1) (1.286(6) A) molecule.
and C(16Y-0(2) (1.299(1) A), were notably shorter than those N summary, we have demonstrated that lanthanum nitrate
in the related free ligand®. This is believed to be caused by reacts with Hsalen in MeOH/CHCI, to afford a novel
the coordination of the phenolic oxygen to La(lll) ion. polymeric chain complex, the first example of lanthanide

The bond lengths of two L-a0 (phenolic) bonds are 2.447(4) Hzsalen complexes which has been fully characterized and
and 2.413 (4) A respectively. They are very close to those studied by both spectroscopic method and X-ray crystallography.
observed in [La(kL)(H20)4Cls (Ho.L = N,N'-ethylene-3,3 The unusual coordination pattern ofddlen revealed by X-ray
(3,6-dioxactane-1,8-diyldioxy)bis(2-hydroxybenzylidene- analysis provides valuable information for structural studies of
imine)) where the La was also ten-coorginated and the averageother related lanthanide complexes.

La—O (phenolic) distance was 2.4522AIn another related Acknowledament. This work was supported by EPA
ten-coordinated complex [LagH)(H20)I(CIO,)s the average  71Eg756) gnd Herman Frasch Foundat?c?n (449-HyF97). We
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was a Schiff base derived from tris(2-aminoethyl)amine and_2,6- regarding the interpretation of the crystal structure.
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thus tend to believe that the phenolic hydroxyl groups remained crystallographic parameters, atomic coordinates, anisotropic thermal
parameters, and bond lengths and angles for the title complex. This
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