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The complexation of Ln(lll) ions by thmeseoctaethylporphyrinogen [BltlsH4], 1, has been achieved by reacting
the sodium derivative [BNsNas THF3], 2, with [LnCl3-THF;]. Depending on the reaction or crystallization solvent,

a variety of structural categories of tqporphyrinogen complexes have been isolated and structurally characterized.
When the reaction was carried out in THF and the final complex recrystallized from THE;[L:5%:7 -EtsNy)-
Ln(THF)}-3-Na(THF)] complexes [Ln= Pr (3), Nd @), Sm 6), Eu 6), Gd (7), Yb (8)] were obtained in a
monomeric form. When their recrystallization was performed in dioxane, a dimerization occurred thanks to dioxane
bridging the sodium cations of the monomeric unité;p:;%:17°%:7*-EtgN4)Ln(DME)} -3-Na](dioxane) 5] [Ln =

Nd, 14; Ln = Sm, 15]. In a third category we isolated complexes where two monomeric monoanighs?[(
n°1-EtgN4)Ln]~ arenZn® sandwiching two sodium cations, which are exclusively solvated by the pyrrolyl anions
[{ ®pt:m®:np -EtgNg)Ln} 2-p%n%-Nag] [Ln = Pr, 16; Ln = Sm, 17]. The three classes of compounds mentioned
above, all of them containing the monomeric unit tiporphyrinoger-Na], are characterized by the following
structural parameters: EmP(pyrrolek, 2.490(7) A for7, 2.556(2) A for14, 2.543(2) A forl6; Ln—»(pyrrolek,,
2.43(1) A for7, 2.494(4) A for14, 2.485(4) A for16; centroid—Ln—centroid, 174.6(3)for 7, 168.1(1} for 14,
169.7(2) for 16, Na—#,3(pyrrole), 2.50(1) A for7, 2.515(3) A for14. The recrystallization of complex&-8

from DME led to dimeric organometallic complexes, where the dimerization has been via the desolvation of the
Ln ion and the formation of a LAC ¢ bond with thes-carbon of a pyrrole of an adjacent tporphyrinogen

unit. Such dimers occur in the ion-separated forg®:j{X:5%7%-EtgN4).Lno][NaS,]2 [Ln = Pr (9), Nd (10), Sm

(12), Gd (12), Eu (13)]. Their recrystallization from THF led to the ion-pair derivatives in which two sodium
cations arep?-bonded to thepl-pyrrolyl anions of the dimer{[(®n%:n%n -EtsN4),Ln2}-73(Nas),] [Lh = Pr

(18), Nd (19), Sm 0), Gd (21); S= DME, THF; n = 2]. When the crystallization dd—13 was carried out from
THF/dioxane, polymeric structures were isolated, where cations are bridged by dioxane molgedles: >
n1-EtgNg)oLn} -7 Na(THF)} o(u-dioxane)][Ln= Nd, 22; Ln = Gd, 23]. In the three classes made up from the
dimeric building block, the structurdgit-motiv is constant and two structural parameters are very close [Ln
n5(pyrrolek, 2.538(3) A forl1, 2.578(1) A for18; centroid-Ln—centroid, 172.3(2)for 11, 170.4(1} for 18;
Ln—C, 2.471(7) A for11, 2.512(2) A for18g].

Introduction as a cyclopentadienyl-like anion in g@hor 2 bonding modé>

. o . (Chart 1). The conformational flexibility due to theesesp
Lanthanide coordination chemistry has been well documented .5 hons makes the ligand particularly appropriate to adapt to

by thelcomplexes' high coordination numbers and hard donor o meta| size. The variety of the cyclopentadienyl rearrange-
atoms; while the most interesting part of their organometallic - ents around a lanthanide ion can be closely simulated in an
qhemlsgrf is essentially based on the use of cyclopentadienyl jnyamolecular manner using the porphyrinogen tetraanion as a
ligands* A ligand which is particularly appropriate for . jic tetrakiscyclopentadienyl derivative. A few reports have
mimicking the major characteristics of both classes of ligands appeared in this field, concerning exclusively Lrf{lnd

is the tetraanion derived from thmesoectaalkylporphyrino- particularly Sm(ll)’ The present paper is focused on the

gerf® (Chart 1). In addition to the high negative charge and  compjexation of Pr(ill), Nd(ill), Sm(ill), Eu(lll), Gd(lll), and
the sterically protecting cavity, each pyrrolyl anion can function

(2) (a) Ernst, R. D.; Marks, T. J. Organomet. Cheni987, 318 29. (b)
Ernst, R. D.J. Organomet. Chen199Q 392 51. (c) Rogers, R. D;
Rogers, L. M.J. Organomet. Chenl.99Q 380 51; 1991, 416 201;

* To whom correspondence should be addressed.
(1) (a)Handbook on the Physics and Chemistry of Rare Earths (Annual

series) Gschneider, K. A., Eyring, L., Eds.; Elsevier: Lausanne,
Switzerland, 1994; Vol. 189. (b) Hart, F. A. I€omprehensie
Coordination ChemistryWilkinson, G., Gillard, R. D., McCleverty,

J. A., Eds.; Pergamon: Oxford, U.K., 1987; Vol. 3; Chapter 39. (c)
Synthesis of Lanthanide and Actinide Compouiisyer, G., Morss,

L. R., Eds.; Kluwer: Dordrecht, The Netherlands, 1991. (d) Kanno,
H.; Yokoyama, H.Polyhedron1996 15, 1437. (e) Hirashima, Y.;
Adachi, G. InCation Binding by Macrocyclesnoue, Y., Gokel, G.
W., Eds.; Marcel Dekker: New York, 1991.

1992 442 83; 1992 442 225. (d) Marks, T. J.; Ernst, R. D. In
Comprehengie Organometallic ChemistryVilkinson, G., Stone, F.
G. A., Abel, E. W., Eds.; Pergamon: Oxford, U.K., 1982; Vol. Il
Chapter 21. (e) Edelmann, F. T. ®omprehengie Organometallic
Chemistry 1] Abel, E. W., Stone, F. G. A., Wilkinson, G., Eds.;
Pergamon: Oxford, U.K., 1995; Vol. 4, Chapter 2. (f) Ephtrikhine,
M. Chem. Re. 1997, 97, 2193. (g) Schumann, H.; Meese-Marktschef-
fel, J. A.; Esser, LChem. Re. 1995 95, 865. (h) Edelmann, F. T.
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Table 1. Synthetic and Analytical Data for Complex8s-8

Inorganic Chemistry, Vol. 38, No. 26, 199%241

Ln,
compd LnC(THF)x 2 THF  pentane color yield X-ray anal. Uefi(298 K)
Pr,3 11.11g,28.4 mmol,24.2 g, 500 mL 80mL paleyellow 17.9 g, 74% THF/pentane calcd faiHgsNsNaPrQ: 3.53us
X=2 28.7 mmol C, 62.55; H, 7.63; N, 6.63.
found: C, 62.96; H, 7.45; N, 6.55
Nd,4 8.61g,21.8 mmol, 18.57 g, 500mL 80mL paleblue 13.3g,72% THF/pentane calcd fpiHgNsNaNdQy: 3.29ug
X=2 22 mmol C, 62.30; H, 7.60; N, 6.61.
found: C, 62.22; H, 7.36; N, 6.66
Sm,5 4.97 g, 12.4 mmol, 10.72 g, 250mL 40 mL yellow 7.50,71% THF/pentane calcd fauldssNsNaSmMQ: 1.58ug
X=2 12.7 mmol C, 61.86; H, 7.55; N, 6.56.
found: C, 61.93;H, 7.42; N, 6.34
Eu,6 5.52¢,12.6 mmol, 10.72g, 300mL 60 mL beige 7.38 9, 68% THF/pentane calcd fauHgsNsNaEuQ: 5.14ug
x=25 12.7 mmol C,61.74; H, 7.54; N, 6.55.
found: C, 61.97;H, 7.92; N, 6.57
Gd,7 10.07 g, 19.5 mmol, 16.63 g, 600 mL 80mL white 11.6 g,69% THF/pentane calcd faisNsNaGdQ: 7.77us
x=3.5 19.7 mmol C, 61.36; H, 7.49; N, 6.50.
found: C, 60.72; H, 7.54; N, 6.40
Yb,8 9.88¢,23.3mmol, 19.9¢, 500 mL 80mL pink 14.49,70% THF/pentane calcd faadsaNsNaYbOy: 3.90us
X=2 23.6 mmol C, 60.26; H, 7.36; N, 6.39.
found: C, 60.25; H, 7.25; N, 6.54
Table 2. Synthetic and Analytical Data for Complex8s13
Ln,
compd LnCY(THF), 2 THF  pentane color yield X-ray anal. ueri(298 K)
Pr,9 210g,1.70 mmol 4.59¢g,5.44 mmol 200mL 40mL paleyellow 2.94g,62% DME calcdsfptsgNsNaPrQ: 3.00us
C,59.72; H, 7.65; N, 6.39.
found: C,59.31;H, 7.79; N, 6.61
Nd, 10 1.70g,4.31 mmol 3.76 g, 4.45 mmol 200mL 40mL pale blue 2.289,60% DME calcd,ibisgbl,;NaNdQ;: 4.18ug
C,59.76; H, 7.75; N, 6.33.
found: C, 59.24; H, 7.62; N, 6.61
Sm,11 2.04g,5.08 mmol 4.33g,5.13mmol 200 mL 40mL yellow 2.839,63% DME calcd fgggNsNaSmQ: 1.26us
C,59.35; H, 7.70; N, 6.29.
found: C, 59.64; H, 7.69; N, 6.32
Gd, 12 2.43g,5.48 mmol 4.67 g,5.53mmol 200mL 40mL white 3.529,72% DME calcd fgddGdNsNaOy: 8.05ug
C,58.90; H, 7.64; N, 6.24.
found: C, 58.92; H, 7.67; N, 6.09
Yb(lIll) by the mesoectaethylporphyrinogen, using a synthetic Chart 1
methodology which avoids the lithium derivative of the por- 36 34
phyrinogen. As a matter of fact, the generation of the lithium 3}, 3£
porphyrinogen in THF causes its decomposition and led to the g Dog )8
3/ X7 TN 7
(3) (a) Evans, W. J.; Drummond, D. K.; Chamberlain, L. R.; Doedens, 2\ ,\{1 ,\1‘\]),—1//6
R.J.; Bott, S. G.; Zhang, H.; Atwood, J. .. Am. Chem. S0d.988§ 2-21 A AL
110, 4983. (b) Evans, W. J.; Drummond, D. B. Am. Chem. Soc. Ng LA 15\
1988 110, 2772. (c) Evans, W. J.; Drummond, D. B. Am. Chem. 24_23/ \ TN _14/ 20—30
Soc.1989 111, 3329. (d) Evans, W. J.; Leman, J. T.; Ziller, J. W.; 6—N2 /N3 \
Khan, S. l.Inorg. Chem.1996 35, 4283. (e) Evans, W. J.; Ulibarri, 7// g \9 1. 13
T. A.; Chamberlain, L. R.; Ziller, J. W.; Alvarez, D., JArganome- \8/ N7 X5
tallics 199Q 9, 2124. (f) Evans, W. J.; Drummond, D. Krgano- 25/ \27
metallics1988 7, 797. (g) Evans, W. J.; Keyer, R. A.; Rabe, G. W; | |
Drummond, D. K.; Ziller, J. WOrganometallics1993 12, 4664. (h) 2 28

Evans, W. J.; Clark, R. D.; Ansari, M. A.; Ziller, 3. W. Am. Chem.
So0c.1998 120, 9555. (i) Evans, W. J.; Seibel, C. A.; Ziller, J. \4.
Am. Chem. Sod 998 120, 6745.

(4) (a) Jacoby, D.; Floriani, C.; Chiesi-Villa, A.; Rizzoli, @. Am. Chem.
Soc.1993 115 3595. (b) Jacoby, D.; Isoz, S.; Floriani, C.; Chiesi-
Villa, A.; Rizzoli, C. J. Am. Chem. S04995 117, 2793. (c) Floriani,
C. In Stereoselecte Reactions of Metal-Actated MoleculesyWerner,
H.; Sundermeyer, J., Eds.; Vieweg: Wiesbaden, Germany, 1995; pp
97—-106. (d) Jacoby, D.; Isoz, S.; Floriani, C. Schenk, K.; Chiesi-
Villa, A.; Rizzoli, C. Organometallics1995 14, 4816. (e) Isoz, S.;
Floriani, C.; Schenk, K.; Chiesi-Villa, A.; Rizzoli, @rganometallics
1996 15, 337. (f) Solari, E.; Musso, F.; Floriani, C.; Chiesi-Villa, A.;
Rizzoli, C.J. Chem. Soc., Dalton Tran£994 2015. (g) Jacoby, D.;
Isoz, S.; Floriani, C.; Chiesi-Villa, A.; Rizzoli, C1. Am. Chem. Soc.
1995 117, 2805. (h) Floriani, CPure Appl. Chem1996 68, 1. (i)
Crescenzi, R.; Solari, E.; Floriani, C.; Re, N.; Chiesi-Villa, A.; Rizzoli,
C. Organometallics1999 18, 606.

(5) (a) De Angelis, S.; Solari, E.; Floriani, C.; Chiesi-Villa, A.; Rizzoli,
C. Angew. Chem., Int. Ed. Endl995 34, 1092. (b) De Angelis, S.;
Solari, E.; Floriani, C.; Chiesi-Villa, A.; Rizzoli, Qrganometallics
1995 14, 4505. (c) Solari, G.; Solari, E.; Floriani, C.; Chiesi-Villa,
A.; Rizzoli, C.Organometallicsl997, 16, 508. (d) Floriani, C.; Solari,
E.; Solari, G.; Chiesi-Villa, A.; Rizzoli, CAngew. Chem., Int. Ed.
Engl. 1998 37, 2245. (e) Bonomo, L.; Dandin, O.; Solari, E.; Floriani,
C.; Scopelliti, R.Angew. Chem., Int. Ed. Endl999 38, 913.

(6) Campazzi, E.; Solari, E.; Floriani, C.; Scopelliti, hem. Commun.
1998 2603.

presence of oxygenated ligands (enolates) in the final com-
plexes’ The Ln(lll)—porphyrinogen complexes reported here
are obtained in an anionic form occurring as an ion pair
associated to an alkali metal cation. Their structure is very much
affected by the reaction or crystallization solv@nthich is a
determining factor not only of the nature of the ion pair formed
but also of the molecular complexity and the binding mode
rearrangements of the pyrrolyl anions. In the latter case, a
particularly relevant intermolecular &C o bond formation,
followed by a C-H bond cleavage has been observed.

This is the first detailed report on the synthesis of lanthanide
mesoectaalkylporphyrinogen complexes by the use of an
appropriate synthetic method, thus getting rid of other ligands,
and on the role played by the reaction or crystallization solvent
on the structural diversity.

(7) Samarium has been complexed to the same kind of macrocycle in:
(a) Song, J. L.; Gambarotta, 8ngew. Chem., Int. Ed. Engl995
34, 2141. (b) Jubb, J.; Gambarotta, 5.Am. Chem. S0d.994 116,
4477,

(8) Evans, W. J.; Shreeve, J. L.; Ziller, J. W.; Doedens, Ratg. Chem.
1995 34, 576.



6242 Inorganic Chemistry, Vol. 38, No. 26, 1999

Table 3. Crystal Data and Structure Refinement #%rl11, 14, 16, and18

Campazzi et al.

7 11 14 16 18
formula CigH72GdNyNaO; Cr2HgeNsSmp-2Na(CH1002)3 CooH140NsNaNd2010 CgoH112NsNaOLPr CgsH13eNsNaOgPr,
fw 933.34 1960.97 1852.58 1545.58 1761.85
T, K 143 173 143 183 296
A 0.71070 0.71070 0.710 70 0.710 70 0.71070
cryst system monoclinic monoclinic monoclinic _triclinic monoclinic
space group P2:/c P2i/n P2i/c P1 C2/c
a, 12.426(3) 12.556(3) 16.236(2) 11.726(3) 20.742(3)
b, A 16.322(3) 24.187(4) 13.460(2) 13.460(2) 21.152(6)
c, A 22.572(5) 18.759(3) 21.626(6) 14.693(5) 20.474(3)
o, deg 90 90 90 77.86(3) 90
p, deg 94.05(3) 99.61(3) 108.11(2) 72.47(3) 94.801(10)
y, deg 90 90 90 67.738(10) 90
V, A3 4566.6(16) 5616.9(19) 4491.9(15) 2034.4(9) 8951(3)

z 4 2 2 1

Dcaie, g/cn? 1.358 1.159 1.370 1.262 1.307

w, mm-1 1.506 1.096 1.214 1.241 1.142
reflcns collcd 15927 38316 9832 11 966 27 859
data/params 5531/528 8971/542 5168/515 6154/425 78171488
R1[l > 20(1)] 0.0747 0.0640 0.0407 0.0434 0.0340
wR2 (all data) 0.2187 0.2127 0.1304 0.1402 0.0997

marHKL release 1.9.1 No absorption correction was performed. The

) . structure solution was performed with ab initio direct meth&dall
General Procedure. All reactions were carried out under an  gcryres were refined using the full-matrix least-squareB2onith

atmosphere of purified nitrogen. Solvents were dried and distilled before 4| hon-H atoms anisotropically defined. Hydrogen atoms were placed

use by standard methods. Infrared spectra were recorded with a Perkiny, «5jculated positions using the “riding model” withs, = aUeg(X)

Elmer FT 1600 spectrophotometer, and NMR spectra on AC-200E and (yherea is 1.5 for methyl hydrogens and 1.2 for others, while X is the

DPX-400 Bruker instruments. Magnetic susceptibility measurements parent atom): in some cases for methyl hydrogens and for hydrogens
were made on an MPMSS SQUID susceptometer (Quantum Design pe|onging to solvent molecules a common isotropic displacement

Inc.), operating at a magnetic field st'rength of 1 kOe. The syntheses parameter i, = 0.08 A?) was used. Structure solution, refinement,

of LnCly(THF),,? 1,% and 2! were carried out as reported elsewhere. gjecylar graphics, and geometrical calculations have been carried out
The syntheses o8 and 12 are reported in detail, while, for the 4 g structures with the SHELXTL software package, releasé®.1.

analogous series of complexds-8 and 9—12, the most important  Fina| atomic coordinates, thermal and geometrical parameters, and

synthetic route and analytical data are listed in Tables 1 and 2, hydrogen coordinates are listed in the Supporting Informétion.
respectively. Complexek3—23 were obtained upon crystallization of

3—12 according to the solvent mixtures reported below.
Synthesis of 3.PrCk(THF), (11.11 g; 28.4 mmol) was added to a

THF (500 mL) solution o® (24.2 g; 28.7 mmol) to give a pale yellow The synthesis of the lanthanigeesoectaethylporphyrinogen
suspension. The mixture was stirred at room temperature for 12 h; the has been performed using the anhydrous [|30'U‘||F)2]6'7 and

NaCl was filtered off and the yellow-green solution evaporated to . L - .
dryness. The residue was dissolved in pentane (80 mL), and the palethe sodium derivative of the porphyrinogen ligafidthe use

yellow solid was collected and dried (17.9 g; 74%). Crystals suitable Of the sodium instead of the commonly employed lithium
for X-ray analysis were obtained by recrystallizing from THF/pentane. derivativé->was suggested by the much easier, available method
Anal. Calcd for GsHeNJNaPrQ: C, 62.55: H, 7.63: N, 6.63. Found:  for removing the alkali metal halide and the decomposition
C, 62.96; H, 7.45; N, 6.5%r = 3.53ug at 298 K. products from THF when lithium derivatives were uded.
Synthesis of 12 Addition of GACk(THF), (2.43 g; 5.48 mmol) to Depending on the reactions solvent, namely THF and DME,
a solution of2 (4.67 g; 5.53 mmol) in DME (200 mL) caused the two different classes of compounds have been obtained, i.e. the
formation of a white suspension, which was stirred at room temperature monomeric forms3—8 from THF and the dimeric oned—13
for 12 h. Removal of NaCl by filtration and standing of the filtrate  from DME (see Scheme 1). The solvation degree shown in
overnight at room temperature gave colorless crystals suitable for X-ray Scheme 1 refers to the forms recrystallized from THF and DME
crystallography. The solvent was evaporated to dryness, the reSiduerespectiver though the products obtained from the reactio;l
was dissolved in pentane (40 mL), and a white solid was collected o .
(3.52 g: 72%). Anal. Calcd for GHeGdANINaQy: C, 58.90; H, 7.64: and dried in vacuo usually have a lower degree qf solvation.
N, 6.24. Found: C, 58.92; H, 7.67: N, 6.08 = 8.05 at 298 K. The unders.tandllng .of hovy complexgs8 and9—13 display a
Complexesl6, 14, 15, and17 were obtained recrystallizing (16), structural diversity is particularly complicated by the contem-
4 (14), and5 (15 and 17) from a DME/dioxane mixture. Complexes ~ poraneous presence of variable degrees of solvation of the
13, 18, and20 were obtained recrystallizing, 9, and11, respectively, lanthanide and alkali metal ions and of the pyrrolyl anions. In
from DME. Complexe49 and21 were obtained recrystallizin0 and fact, the pyrrolyl anion functions intra- and intermolecularly as
12 from THF. Complexe22 and23 were obtained recrystallizing0 a binding site in competition with the oxygenated solvéritae
and12 from a THF/dioxane mixture. basis of all structural forms observed in this study are the
monomeric form exemplified foB—8 and the dimeric one

Experimental Section

Results and Discussion

X-ray crystallography for Complexes 7, 11, 14, 16, and 18
Crystals of7, 11, 14, 16and18 were mounted in glass capillaries and
sealed under nitrogen. Crystal data and structure refinement details are - - - -
listed in Table 3. Diffraction data have been collected at different (11) Otwinowski, Z.; Minor, W. InMlethods in Enzymology, Volume 276:

: : . Macromolecular CrystallographyCarter, C. W., Jr., Sweet, R. M.,
temperatures (Table 3) on a mar345 imaging plate and reduced with Eds.. Academic: New York, 1997 Part A, pp 36326.

(12) Sheldrick, G. MActa Crystallogr., Sect. A: Cryst. Phys,. Diffr., Theor.
Gen. Crystallogr.1990 A46, 467.

(13) Interactive Molecular Graphics, release 5.1, Bruker AXS, Inc.,
Madison, WI 53719, 1998.

(14) See paragraph at the end of paper regarding Supporting Information.

(9) Deacon, G. B.; Feng, T.; Nickel, S.; Skelton, B. W.; White, A.JH.
Chem. Soc., Chem. Commur993 1328.
(10) Crescenzi, R.; Solari, E.; Floriani, C.; Chiesi-Villa, A.; Rizzoli, L.
Am. Chem. Sod999 121, 1695.
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Table 4. Selected Bonds (A) and Angles (deg) for CompleXed1, 14, 16, and18

7 11 14 16 18
Ln—y5(Pyrp 2.522(7) 2.571(3) 2.576(2) 2.568(2) 2.608(1)
Ln—n°(Pyrp 2.459(8) 2.505(3) 2.536(2) 2.518(2) 2.548(2)
Ln—yY(Pyry 2.46(1) 2.461(6) 2.527(4) 2.496(4) 2.506(2)
Ln—n*(Pyry 2.41(2) 2.462(6) 2.461(4) 2.473(4) 2.475(2)
75(Pyr)—Ln—55(Pyr) 174.6(3) 172.3(2) 168.1(1) 169.7(2) 170.4(1)
Na—n*(Pyry 2.50(1) 2.515(3) 2.610(3)

Na—72(Pyr) 2.492(4) 2.633(2)
Na— (Pyrf 2.55(1) 2.460(4)

Lh—C 2.471(7) 2.512(2)

apyr= (N2, C6, C7, C8, C9)° Pyr= (N4, C16, C17, C18, C19}.Pyr= (N1). ¢ Pyr= (N3). ¢Pyr= (N1, C3, C4).! Pyr= (C12A} C13A).
9Pyr= (C2, C3)."Pyr= N2."C = C8.1 The letter A indicates the following symmetry operationx, —y, —z n3(Pyr), n3(Pyr), n3(Pyr), n*(Pyr)
indicate the centroids.

Scheme 1 Scheme 2
Et _Et Et _Et NaSp
N
Et Et Na, CiHg Et Et Et
_— Nay THF
Et gt THF gt S Et
E<gt <z Ln=Pr, 18 (S=DME,n=2)
t
—- Ln =Nd, 19 (S = THF, n = 2)
Ln =Sm, 20 (S =DME, n=2)
Ln=Gd, 21 (S=THF,n=2)
DME, THF
9-12
THF, dioxane
Ln=Pr,3 Ln=Eu, 6
n=Nd,4 Ln=Gd,7

Ln=Sm,5 Ln=Yb,8
Ln = Nd

DME

. Ln=Pr,9 Ln=Sm,11 Ln=Eu, 13
dioxane

Ln=Nd, 10 Ln=Gd, 12

Ln =Nd, 22 Ln=Gd, 23

binding to one of the pyrroles of the porphyrinogen ligand. The
solvation of the alkali metal cation is completed by DME in
the case ofl8 and 20 and by THF in the case df9 and 21,
while the presence of dioxane in the third case led to a
polymerization of the ion-pair dimers via the sodium counter-
cations bridged by dioxane molecules (see compl@and
23).15The latter crystallizations confirmed that THF can affect
the structural form by affecting the solvation of the alkali metal
countercatiop in dimers 9—13, but it does not reverse the
process back to the monomers.

In both classes of compounds the lanthanide ions display a
nding mode to the porphyrinogen ligand similar to those
observed in [CELnL3] complexes’ As a matter of fact, two

‘of the pyrrolyl anions within the porphyrinogen ligand display
anz® bonding mode, while the other two ané bonded to the
lanthanide ion. Such a bonding mode of porphyrinogen tetraan-
ion has been observed in the complexation of zirconium(IV)

Ln =Nd, 14 (S = dioxane, n = 3}
Ln=8m, 15 (S =dioxane, n = 3)
Ln=Pr, 16

Ln=8m, 17

displayed for9—13. All the others are derived from them as a
consequence of different solvation of the alkali metal counter-
cation™> We also found that the monomeric forms can be g
converted into the dimeric ones via a crystallization in DME,
though the reverse transformation cannot be achieved recrystal
lizing the dimers from THF. The recrystallization of monomers
4 and5 from a mixture of DME and dioxane led to the dimers
14 and 15, where the dimerization occurs via sodium cations

bridged by dioxane molecules. Under the same conditions, ng hatnium(1V4 and is particularly relevant to the reactivity
sometimes complexes such 56 and 17 were obtained with ¢ the metal center. The ligand, which is conformationally very
the two sodium cations sandwiched between two MONOMETIC gayipie can adapt its bonding mode along the reaction pathway
metal-porphyrinogen moieties and without any solvent of 506rding to requests of the metal. The lanthanide ion in all

crystallization. The dimeric nature 8f-13is maintained during — {he monomeric forms completes its coordination sphere with a
a recrystallization from a mixture DME/THF, pure THF, and

THF/dioxane mixture. In all cases the ion-separated forms have 15) The proposed structures2# and23are supported by X-ray analyses,
been converted into ion-pair dimers, with a sodium cation which do not show any significant difference from thati@
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Figure 1. Drawing of complex7. Hydrogens have been omitted for
clarity, while for THF only oxygens have been included.

Figure 2. Drawing of complexit4. Hydrogens have been omitted for
clarity. The labeling scheme of the ligand is reported in Chart 1. The
letter A corresponds to equivalent atoms obtained by the following
symmetry operationi—x, -y, —z

Figure 3. Drawing of complexl6. Hydrogens have been omitted for
clarity. The labeling scheme of the ligand is reported in Chart 1. The
letter A indicates the following symmetry operatior:x, —y, —z

molecule of solvent. When the monomeric form is thermally

desolvated, a coordination site on the lanthanide ion is made

Figure 4. Drawing of the dianion of dimeric complekl. Hydrogens
and ethyl groups have been omitted for clarity. The letter A indicates
the following symmetry transformation=-x, —y, —z.

Figure 5. Drawing of the dianion of dimeric compled8. Hydrogens
and ethyl groups have been omitted for clarity. The letter A indicates
the following symmetry transformation=x + ¥,, —y + ¥,, —z

toward a metallaporphyrinogen, attacking theosition of one

of the pyrroles. It has been shown that such an attack by an
electrophile is followed by a hydrogen shift, which occurs either
to B-carbon of on adjacent pyrrdfeor, as in the present case,
to nitrogen of the same pyrrole. Such a metalation of a pyrrole
establishes a quite strong £i€ ¢ bond (see structural param-
eters below). The shift of the-hydrogen to the nitrogen of the
same pyrrole has been proved by the appearance of 350D cm
band in the IR spectrum of the dimers and is supported by the
structural parameters (see below). The monomerdimer
transformation resembles the electrophilic activation of-éHC
bond using lanthanide complex¥sin the dimeric complexes
the lanthanide ion displays a structural form which resembles
that occurring in the Cp series witlh> and »n*-bonded
cyclopentadienyl anior®¢ The magnetic moment of the
lanthanide ion does not change very much when going from
the monomeric to the dimeric form (see Tables 1 and 2).

free, and in the dimers the solvent molecule is replaced by a (16) Bonomo, L.; Solari, E.; Floriani, C.; Chiesi-Villa, A.; Rizzoli, Q.

strong o-interaction with a pyrrole from an adjacent £n
porphyrinogen moiety. The lanthanide ion involved in such in

an intermolecular process behaves as a strong electrophile

Am. Chem. Sod998 120, 12972.
(17) Selectie Hydrocarbon Actiation: Principles and Progres®avies,
J. A, Watson, P. L., Liebman, J. F., Greenberg, A., Eds.; VCH: New
York, 1990; Chapter 4.
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A single example of the X-ray structure is reported for each Lny]2~ is quite similar. Within each monomeric unit the
category of complexes displayed in Schemesd 2anSelected porphyrinogen isp:n®yLy® bonded to the metal, the more
bond distances and angles are listed in Table 4. The structuressignificant structural parameters being as follows: —i8-
of those complexes containing the monomeric fragmgat] (pyrrole)y, is 2.538(3) A for 11 and 2.578(1) A for1is.
nLppt-EtgNg)Ln}-13-Na], namely3—8, 14, 15, 16, and 17, Centroid-Ln—centroid is 172.3(2)for 11 and 170.4(1) for
shown in Figures 43 differ only for the solvation of the sodium  18. The dihedral angle between the twgd-bonded pyrrole
cation. The lanthanide ion achieves a formal octacoodination, planes is 15.8(4)for 11and 15.7(1) for 18. One of the pyrrolic
like in CppML 3 complexes of early transition metals, by the nitrogens bears an hydrogen, though maintaining a nearly planar
help of the porphyrinogen tetraanion and a molecule of solvent sp? geometry. The lanthanide ion is completing its coordination
(THF or DME)?2 The twon®-bonded pyrroles are arranged in a  sphere interacting with the-carbon of a;>-bonded pyrrole from
parallel fashion, as proved by the dihedral angles between thean adjacent Lrporphyrinogen moiety, forming a LaC(sp)
two 7°-pyrrole rings and the centroietLn—centroid angles o bond [2.471(7) A forl1, 2.512(2) A for18].1P This interaction
[17.7(4), 174.6(3) for 7; 25.2(1), 168.1(T) for 14; 25.0(3), shifted the related hydrogen from tffecarbon to the nitrogen
169.7(2y for 16]. The sodium cation is permanentjj-bonded atom of the same pyrrolyl anidfi.The resulting organometallic
[Na—3(pyrrole), 2.50(1) A for7, 2.515(3) A for14] to one of dianion is in the ion-separated form in complek (Figure 4),
the pyrrolyl aniony! bonded to the lanthanide iérin the case while in complex18 the two sodium cations ang? bonded to
of complexes3—8 (see Figure 1), its coordination sphere is one of then!-pyrrolyl anions of the dimer [Nan?(pyrrole),
completed by THF, while in complexeb4 and 15 dioxane 2.633(2) Al.
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