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Abstract

The condensation reaction in acetonitrile of 2.6-diformyl-4-chlorophenol with tris-( 2-aminoethyl)amine forms the |3+ 1] macroacyelic
Schiff base Hy~l which reacts with LnCl-nH,O (Ln=La' . Dy . Gd" " ) in the presence of NEt, giving rise to Lancly «uS (S = H,0. dmt.
CHCN: n=0-1.5).

Crystals of LatDy edmt), grown from a dimethylformamide/ acetonitrile solution. are monoclinie. space group £2,/c with a = 12.590¢4).
h=14277(5). ¢ = 19.710(5) A, B=9545" and Z= 2. This complex is a dimeric entity and shows an inversion center in between the two
lanthanumd 1D jons, The organic ligand coordinates to one kinthanum ion through the four nitrogen and the three pheaoxide oxygen atoms
while it links the second lanthanum ion through one aldehydic oxygen wom: the other two aldehydic oxygens are not involved in the
coordination and do not form significative interactions with neighboring molecules, Thus each dinuclear complex behaves as an isolated
entity. The nonacoordination around cach metal ion is reached through the additional coordination of the oxy gen atom of a dimethyformamide
molecule, The three La=N ¢iminic) bond distances fall between 2.70 and 2.79 A, while the La-N (aminic) bond is longer € 2.86 A). Similarly
the La~0 ( phenolic) bonds distances are in the range 2.41-2.47 A, considevably shorter than the La-O ¢aldehydic) which is 2,72 A, while
the La=0O (dimethylformamide ) is 2.55 A, Finally the two lanthanum atoms are 8,24 A apart.

2.6-Ditormyled-chloraphenol reacts in CHOCN with HN-R-NH, o give the 12+ 1] acyelic Schitt bases Hyell. The corresponding
cotmplexes containing o d taickelC1) NicEDy, or manganese (1) MacEHCGH )Y, an € ClanthanumHEY, gadolniuma T, dysprosiuma D
LntHID ONO O or the weanyl VY jon, VOO (MeOH ) VO CHID ENO O and HOCH DD ENO L have also been prepared by seaction
of these ligands with the appropriste metal salts or by wemplate provedure. the different content of the mirte in the uranylt V1) compleses
depending on the amount v base used. These complexes may be converted into the acetal analogues in aleoholic solution,

Similurly the condensation of 3-methosy-2-hydroxyhenzaldehyde or 3-ethoxy-2-hydroxybenzitdehyde with tris-¢ 2-ammocthyliamine in
a 123 motur ratio afforded the |3+ 1] Schil! bases HypelV und HyeV which react with fanthanidet HT) salt o give rise, respectively. in the
presence or in the absence of the appropriate amount of base, w Lac1V) «nH,0 and LotV cnH,0 and LatHe VXD cnH O or LntH e
VX)) e nHO (Ln=La' L Gd' i X =Cl CNOS = 1-8). These complexes are no fonger stable in solution and hydroly zed espeerally
when redissolved in aleohol,

Hy-l, H=11 and/or the related complexes have been engaged in further condensation reactions with 2-aminomethyl- 12-crown-4 o
2-aminomethyl- 15-crown-5 to give rise to the functionalized Schiff bases ¢ H=TH and Hp=VIL and related d- or f-complexes. Morcover the
functionalized ligands Hy-VI Hy=VINL Hy-X and Hp-XT and/or the related d- or f-=complexes have been synthesized by condensation of the
appropriate formyl and amine precursors,

The ligands and the complexes have been characterized by physico-chemical measurements, especially by IR and NMR spectroscopy. 5iM
and EDX investigation, and FAB mass spectrometry. € 1998 Elsevier Science 8.A. All rights rescrved.

Kevwords: Lanthanide complexes: Actinide complexes: Scbit! base compleses: Cryvstal structures

L. Introduction [1-5]. These investigations emphasized thegreat relevance
of these systems in hasic and applied chemistry. Several syn-

Many efforts have been addressed in the last decade to the thetic strategies are nowadays available for the prepuration
design and synthesis of macroeyclic or macroacyclic com- of well organized molecular systems or molecular devices,
plexes and to the study of their physico-chemical propertics especially designed 1o present peculiar physico-chemical

R propertics or to have well defined performances | 1.6.7].
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Sophisticated macrocyclic or mucroacylic systems, con-
wining an appropriate set of donor atoms and/or a suitable
structural configuration, are capable of selective recognition
of charged or neutral molecules: new chemical processes and
technologies, based on this concept, are available and are
already applied in the fields of activation and catalysis proc-
esses. selective separation, molecular materials, wmicroelec-
tronics sensors. etc. | 7].

As an extension of these concepts comparnimental ligands
have been prepared with the idea that complexation to one of
the sites can transform the second binding site. This may
introduce a positive cooperativity in the binding of two metal
ions and new concepts in host-guest organization. These
ligands contain two similar or dissimilar compartments in
close proximity and can selectively recognize two identical
or different charged or neutral molecules (generally metal
jons) which may mutually interact giving rise to novel and
unusual devices |6.8),

In the development of the synthetic strategy of these sys-
tems an important role is played by the Schiff bases owing to
their relatively easy preparation, through the well known
condensation reaction of formyl or carbony! derivatives with
a primary amine, and their versatility in metal complexation.
To this aim suitable keto and/or amine precursors have been
prepared: they can give iise to well-defined macrocyclic or
macroacyclic Schifi' bases in good yield. Acyclic or sym-
metric cyclic compounds are quite often produced by one-
step multiple condensation reaction. When the  direct
condensation reaction is unsuccessiul, template synthesis is
used: the presence of metal ion is often essentinl in determin-
ing the steric course of the reaction | 2,4,6.8).

These ligunds have been employed in the study of stereo-
chemicul, electronic, magnetic and catalytic properties of
metal complexes | 1-8), Moreover they have successtully
been proposed as models of the active sites of metul-enzymes
11.5.9].

In the recent past mucrocyclic, mucrobicyclic and macro-
ayclic compurtmental Schiff buses have been prepared in
one=step multiple condensution reactions of the above-men-
tioned formyl or keto and amine precursors [10]. The
insertion of additional donor atoms (S, P, 0. N) into the
coordination moiety of these systems can be tuned, in order
10 muke them suitable und selective for particulur ions., espe-
cially transition metal ions. Moreover emphasis was placed
on ligands incorporating oxygen donor atoms, such as crown
ethers. which are considered good ligands for non-transition
metal ions, especially alkaline or alkaline-carth ions | 8.10],

Many papers huve been published on the ubility of these
mucrocyclic ligands to mitmic ion encapsulation and transport
of natural systems. The ubility of these synthetic ligands to
act us suitable chelating agents for alkaline or alkaline-carth
tons has been attributed to sevral factors, including the good-
ness of fitof the cation in the ligand cavity and the nature and
the shape of the donor set.

The fusion of the Schiff base and crown-ether properties
into a unique entity can give rise o polynucleating ligands

with different coordination chambers in close proximity.
These systems can incorporate suitable d- or f~metal ions into
the Schiff base sites und non-transition ions, anions ororganic
substrates into the crown-ether sites [ 11]. The coordination
of a metal ion into the crown-ether cavity can considerably
modify the physico-chemical (electrochemical, optical, mag-
netic) properties of the metal ion bound to the Schiff base
system and the mutua! interaction through the ligand of the
two species contemporary recognized can be applied to the
development of molccular devices. To this end we have
recently prepaved a series of Schift bases containing crown
cther by condensation of the appropriate formy! or diformy!
precursors with 4-aminobenzo- 15-crown-5, 2-aminomethyl-
15-crown-5 and the analogous amines containing 12-crown-4
or 18-crown-6 and tested their recognition properties towards
transition metal ions | 12]. It was found that they may give
rise to well defined mononuclear or hetero-polyuncelens com-
plexes; morcover, under particular experimental conditions,
they are interesting “carriers” for the selective electroassisted
separation of specific metal ions [ 13].

In the present work we have applied a similar synthetic
strategy and we have prepared the functionalized acyclic
compartmental ligands of Scheme 1 and/or related com-
plexes containing d- or f-metat ions.
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In order 1o obtain these compounds we had to synthesize
the appropriwte formyl, diformyl and tritormyl precursors or
by literature procedure | 14,15] (Hy-A, H-B and H-C) or by
condensation of 2.6-diformyl-4-chlorophenol with the appro-
priate polyamine (Hy-F and Hy=11). The subsequent reaction
of these acyclic ligands with the appropriate primary mono-
or di-umines, bearing additional donor groups (i.c. ethers.
crown cthers, polyamines and polyoxyamines). gives rise to
the functionalized macroacycelic systems ( Hy-III---Hp-X1).
The prepared ligands and related complexes have been char-
ucterized by IR or NMR spectroscopy. by mass spectrometry
(FAB or EI) and by clectron microscopy ( SEM and EDX).
For the complex Lath(dmf). where Hyel is the ligand
derived from the condensation of 2.6-diformyl-4-chloro-
phenol and tris-( 2-aminocthylamine. an X-ray investigation

as also carried out and a preliminary account of the structure
has alrendy been published | 16].

2. Experimental
2.1. Materials

The salts, the solvents and the reagents were commercial
products (Aldrich). used without further puritication. 2.6-
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Scheme 1,

Diformyl-d4-chlorophenol, bis| (4-chloro-6-formylphenol )-
yimethyl]piperazine (Hz-A), 4-bromo-2-| 2-(dimethyl-
aminoethyl)methylamino |-methyl-6-formylphenol  (H-B)
and 4-bromo-2-| 2-( methylaminodicthy! yamino | -methyl-6-
formylphenol (H-C) were prepared according 10 literature
methods [ 14]: their purity was checked by elemental anal-
yses, IR and NMR data. The acyclic ligands Hy-1l¢---H,-11g
and H,-IHi. the symmetric cyclic ligands Hy-IX, and related
copper(1l), uranyl( V1) and lanthanum(I11) complexes were
also prepared and purified according to the literature | 15).

The elemental analyses of the prepared ligands and com-
plexes are reported in Table 1. The yield is 30-50% for the
ligands and 60-80% for the complexes.

2.2. Formy!l precursors and related complexes

2.2.1. Preparation of Hy=l

To an acetonitrile solutiod (50 ml) of 2.6-diformyl-4-
chlorophenol (3 mmol). gemly warmed. tris(2-ammino-
cthyhamine (1 mmol) in acetonitrile (50 ml) was added
dropwise. The orange solution was refluxed for 2.5 h. then
allowed to stand for 1 h. The orange-red precipitate was
collected by filtration, washed with acetonitrile and dried in
vacuo,

From the mother liquor, allowed to stand overnight. a fur-
ther red precipitate was obtained. It was filtered off, washed
with acetonitrile and dried in vacuo.
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Table |
Elemental analyses

Compound Found (%) Caleulated (%)
C H N C H N

Hel 56.14 429 9.06 35.79 .21 8.67
LatD)+ 1.5H0+ 1 SDMF M43 355 9.15 4502 T $.39
Gah 5.4 347 64 H87 KL 6.98
Dy (1) 2McCN 46.68 387 8.90 1602 R 947
Hylla 55.20 mn 7.94 5498 359 7.12
Ni(Ha)+2H,0-DMF 45.52 3.60 7.59 45.12 415 7.52
V0. (M- Ha N0, 27.78 1.85 6,93 2746 1.79 7.12
UO{ I8 (NOy) 30.79 275 6.10 31.27 23 547
U0, (I8} (McOH) 34.57 3.30 364 3517 350 357
Mn(Ta) (OH) 46.88 301 5.85 46.68 283 0.08
H1Ib 50.12 351 : S84 50.24 157 a0l
LatHyl1b)(NO ) ,+0.5MeCN 3234 hK1] 0,04 KIR M 20 10.24
LatHelle) (NOO, 3081 269 9.00 AMLRT7 233 9,00
LatHpI'd) (NOW), 223 326 911 R0 M 8.3
LutHelld ) (NO1), REIR 261 8.99 LS8 238 9,19
Luy o HyHle) (NO, ) »0.5MeCN 28.82 274 11.32 w4 2.33 L1.86
LatHe-1lIN(NO ), KXk 293 102 3254 273 10.84
LatHy-1lg) (NO . -0.5CHC, 39,88 1.60 874 39,49 444 8.50
Hy-10h 55.34 4.7 5.70 54,90 4.6l S
LatHplh) (NOy) o+ LSCHCI 0.5MeCUN R4 2,77 8.26 29,32 251 7.08
LatHD « IDMF+ }CHCI, 4285 5.32 827 4324 8.1 7.3
HelV 63.30 6.58 10.08 63.68 6.61 10.21
LutIVi+H.0 §1.32 8,55 7.60 N el 0 707
La(HelV)(NO - HO 991 410 10.58 4042 430 .00
Lt HadV (O 2 5HO 19,97 4.7 6.31 40,76 8.5 6.34
Lt V) NaCH0.3CHCL, 48,58 5.0 7.9 48,78 483 683
GV 2H,0 100 503 704 50,75 5358 717
Lt HaVHCH o HO 4.2 in 7.79 40.84 514 704
LatHaV)INO ) o dH .50 4.54 1074 4013 510 991
Lac VI s 0.3Nabirs 2H,0-MeOH 43,72 377 10.83 4297 348 194
Hy-Vilh 44,01 88§ LR} 44,47 .1 487
La, st HpVIRINO, 1, 0 0.3CHCT, (R 362 798 W08 190 877
LaA VIIRMNOD ) OHY 0. 3DM1 .74 421 8.7 .76 418 N0
Lua(HpVHe) (NO, ) (OH)  2H.0 0,40 442 7.8 RUEH 502 7.8
U0 VI H.O0) 4208 1) 4.5n J20% 404 491
Nit Vila) - 0.3CHC, 49.72 8,84 0.32 40,82 582 6.13
MniVHa) 1OH)» 3H.0 817 4,80 715 4801 VL] .30
HyVHlL:HO 55.8) 7.07 (NN 58.81 7.4 6,20
U0, X)(MeOH) 1520 108 K9 35,08 404 .00
Hy-Xta:4HBr: 2, SMeOH 04 558 702 REN N 5,33 7.04
Nas X ) » MeOH = 2CHC, 40,30 184 90l 037 8,08 9,26
Cut Xla) »HBrs MeOHH.O .69 3 963 112 450 992
Cuy(Xha) (OH ) CH.COO) - HBr 38.5% 478 897 REH 484 87
Ni X1a) CH.CO0) ,  HBr 0.3H.O W AR K63 RUR G 495 8.59
VO, Xl MeOH) KR R 8.56 KGR ) .08 880
Last X NOO(OH (Bri o dH.O | 400 6.88 2760 4.1 753
Laxt X aNOO1OH) (Bry ¢ TH.O bt U] KA LKk} 2907 RS 7.0
Lu:(Xke) (Br) s (NOy ) -HLO 7.1 R A 8,03 1.0 LX) 842
Ly ( XB) (B NOO(OH) . HO 3168 444 818 30 4.2 K0
H-X1: 2HBr»0.3H,0+0.3McOH 1437 5.00 10.33 M2 550 10.30

2.2.2. Prepuration of Hyla, 2. ¢80 and H11h

An ucetonitrile solution (50 mb) of 2.6-difoemyi-3-chlo-
rophenol (2 mmol), gently warmed. was reacted with the
appropriate polyamine (1 mmol) in acetonitrile. The result-
ing orange-yellow solution was refluxed for 3 h. then allowed

to stand for | h. The precipitate obtained was filtered ofl (it
appears to be the symmetric macrocyclic ligand ). and the
solution, reduced in volume. was allowed o stand for a week
(Hy-1la) or was evaporated to dryness to form a residue.
This was treated with chloroform (Hy=Ilb) or diethyl cther
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(H,-Ith) and stirred until a yellow solid was formed. This
was filtered off, washed respectively with chioroform or di-
ethyl ether and dried in vacuo,

2.2.3. Preparation of Ln(l)*nS (Ln=1La* ", Gd'* . Dv* ' ;
S=H.0. dmf. CH.CN; n=0-1.5)

An acetonitrile solution (50 ml) of 2.6-diformyl-4-chio-
rophenol (3 mmol) was reacted with tris(2-aminoethyl-
amine) (I mmol} in acetonitrile. To the resulting orange
solution LnCl,*8H,0 (| mmol) in acetonitrile/dimethylfor-
mamide (30 ml) and tricthylamine (3 mimol ) in acetonitrile
(30 mi) were added. The solution was refluxed for 4 h. The
yellow precipitate obtained was filtered off. washed with
acetonitrile and dried in vacuo,

Recrystaltization from an acetonitrile/ dimethyllormamide
solution gave crystals of Lat D ¢dmfl), suitable for an X-ray
investigation.

2.2.4. Preparation of Li(H-H/(NO ) (H Il ranging from
Ho1lb 10 H-Hh)

To the yellow acetonitrile solution (S0 ml) of 2.6-difor-
myl-4-chlorophenol (2 mmol). the appropriate polyamine
(1 mmol) in acctonitrile (20 ml) was added dropwise. The
resulting  dark  yellow  solution  was — reacted  with
LatNQ )+ 6HO ¢ mmal) in acetonitrile (20 ml). The
solution was refluxed for 3 h, then allowed 1o stand for 3 h.
The precipitate was filtered off, washed with acetonitrile and
dried in vacuo,

For LatHylg)(NOy) . the acetonitrile solution was
evaporated o dryness and the residue treated with CHC,.
The orange-red precipitate was colleeted by diltration,
winhed with CHCL and dried in vacao,

225 Preparation of Nitlla) MutHax OH), VOt H .0),
GO HaiNO G amd UOS(H = Ha NG ),

Ethylenediamine (1 mmol) in acetonitrile ¢ 10 ml) was
added to a warm CHLOCN solution (50 ml) of 2.6-diformyl-
4-¢hlorophenol (2 mmol). To the resulting yellow solution
the appropriate metal acetate (1 mmol) in dimethylformam-
ide (10 mly (for nickel (11} or manganese (1)) or in aceton-
itrite (10mb) Cloruranyl( V1)) was added. The solution wias
refluxed for 2 h, then allowed to stand for 3 h. The precipitate
was collected by filtration. washed with acctonitrile and dried
in vacuo.

For the preparation of the uranylt VD complex UQ),-
{NQO ) 6H,0 or UOQ,Cly» 6H,0 can also be used: morcover
two equivalents of base (i.e. LiOH or NEL) must he used.
By a similar procedure but employing only one equivalent
and  UOL(NO,6H,0 the uranyl complex  UQ,(H-
Ha)(NO.), has been synthesized: when no base is used,
U0, Hy-lla) (NO;) ; may be recovered.

2.2.6. Preparation of YOI a)MeOH)

A methanolic solwion (10 ml) of the uranyl salt
UQ,X;*nH.0 (X=CH,COO . NO, . Cl : n=2-6) (|
mmol) was added to a methanolic solution (50 mi) of 2.6-

diformyl-d-chlorophenol (2 mmol). To the resulting red
solution a methanolic solution (30 ml) of LiOH (2 mmol)
and cthylenediamine (1 mmol) were added in succession.
The red solution was refluxed for 4 h, then allowed to stand
overnight. The orange-red precipitate obtained was filtered
off, washed with methanol and dried in vacuo.

When 1 mmol of LiOH is used and UO.(NO;),-6H.0
is the starting salt. |UO.(H-II'a)(CH,OH)}(NO,) is
obtained. when no base is employed. the final product is
UO.:(H,-II'a) (NO;) .. The mother liquor separates the addi-
tional acetal-formyl complex UO-( H-H"a) (NO, ).

2.3, Tridimensional ligands and related complexes

2.3.1. Preparation of Hy-lV and H -V

To a methanolic solution (50 ml) of 3-methoxy-2-hydr-
oxybenzaldehyde or 3-cthoxy-2-hydroxybenzaldehyde (3
mmol ). tris{ 2-aminoethyl)amine ¢ | mmol) in methanol (30
mi) was added dropwise. The resulting yellow sofution was
refluxed for 2 h, allowed to stand for 1 h. then filtered. The
solution was evaporated to dryness under reduced pressure,
For Hy-1V the yellow oi! obtained became a yellow solid on
standing overnight. It was treaed with a methanol/diethyl
cther solution, filtered off and dried in vacuo. For Hy-V the
yellow oil obtained was washed with petroleum ether (it is
sofuble in all the common organic solvents) and dried in
vacuo,

2.3.2. Preparation of Latlil)

An ethumol/dimethylformamide solution (70mly of Lach
o mmol) was reacted with 2-caminomethyl)-12-crown-4
(Immol} in ethunol (30 mi 3. The solution was refluxed for
4, The precipitiate was eliminated by tiltration and the solu-
tion wiss evaporited (o dryness under reduced pressure, The
residue was dissolved in chloroform and precipitated with
diethyl ether. The precipitate was filtered off, washed with
chloroform and dried in vacuo,

2.3.3. Preparation of Lnt(IV)«nH,Q and LtV nH 0
n=La*", Gd'" ;n=1-2)

A methanolic solution (50 mb) of tris( 2-aminoethyl)-
amine ¢ | mmol) was added to 3-methoxy-2-hydroxybenzal-
dehyde or 3-ethoxy-2-hydroxybenzaldehyde (3 mmol) in
methanol (50 mly, To the resulting  yellow  solution
LnCli« 7TH,0 or La(NO,) «6H.0 (1 mmol) and NaOH (3
mmol) in methanol (50 mi) were added in suecession. The
solution was stirred at room temperatare for 1 b and under
reflux for | h, then evaporated to dryness under reduced
pressure. The residue was dissolved in CHClL and the solution
clarified by filtration. The resulting solution was evaporated
to dryness and the residue was washed with diethyl ether and
dried in vacuo.
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2.3.4. Preparation of Ln{Hy-1V)(X),»nH:0 and Ln(H-V)-
(X)°nH,O (Ln =La'"t, Gt X=NO;"", Cl";: n=1-5)

Toayellow methanolic solution (50 ml) containing tris(2-
aminoethyl)amine ( 1 mmol) and 3-methoxy-2-hydroxyben-
zaldehyde or 3-ethoxy-2-hydroxybenzaldehyde (3 mmol).
LnCl,+ 7TH,0 or Ln(NO,);*6H,0 (1 mmol) in methanol (50
ml) was added dropwise. The solution was stirred for 1 hand
refluxed for 1 h, then reduced in volume. The precipiiate
obtained by addition of diethyl ether was collected by filtra-
tion, washed with chloroform and diethy! ether and dried in
vacuo.

2.3.5. Preparation of La(VI)+0.5NaBr+2H,0+MeOH

A methanolic solution (30 ml) of tris(2-aminoethyl)-
amine (0.33 mmol) was added dropwise to the solution
obtained by addition of NaOH (3 mmol) to a methanolic
suspension (50 ml) of H-B+2HBr (1 mmol): then
LaCl,*7H,0 (0.33 mmol) was added and the yellow solution
was refluxed for 5 h. The solution obtained was clarified by
filtration and evnporated to dryness under reduced pressure.
The residue was treated with chloroform. The precipitated
was eliminated by filtration and the solution was evaporated
to dryness under reduced pressure. The yellow solid was dried
in vacuo.

2.4, Planar ligands comaining crown-ethers moieties and
relared complexes

2.4.1. Preparation of HeVIIb (n=4)

An acetonitrile solution (10 ml) of 2-uminocthyl-12-
crown-4 (2 mmol) was added 10 a yellow acetonitrile solu-
tion (50 ml) of Hyllb (1 mmol). The solution was refluxed
for 3 h. then evaporated to dryness. The residue, treated with
diethyl ether, separated an oil, The solution was eliminated
und the oll was washed three times with diethyl cther and
dried in vacuo,

24.2. Preparation of HyVHh (n=4)

A chioroform solution (50 ml) of the acyclic ligand H,~
Hh (1 mmol) was reacted with an excess of 2-aminomethyl-
12-crown-4 (3 mmol), The solution wus refluxed for 4 hthen
reduced in volume. By addition of an ethunol/dicthyl cther
solution a brown precipitate was obtained. It was collected
by filtration, washed with diethyl ether and dried in vacuo.

24.3. Preparation of HyVIHI+H,0

0.5 mmol of 2-(aminomethyl)-1S-crown-5 in methunol
(30 ml) was added to a stirred solution of Hy=A (0,25 mmol)
in methanol (30 ml). The yellow solution was refluxed for
6 h, then evaporated to dryness under reduced pressare. The
dark yellow oil obtained was treated with diethy! ether. The
solution was clarified by filtration, stirred and stowly evap-
orated. The yellow solid obtuined was filtered. washed with
diethyl ether and dried in vacuo.

2.4.4. Preparation of M(VHla)(M=Ni**, Mi** ) (n=4)

A dimethylformamide solution (30 ml) of the acycliccom-
plex M(I1a) (1 mmol) was reacted under reflux (3 h) with
2-(aminomethyl)-12-crown-4. The solution was evaporated
to dryness and the residue was dissolved in chloroform (for
the nickel complex) or in methanol ( for the manganese com-
plex) and clarified by filtration. The precipitate, obtained by
addition of diethyl ether, was filtered oft, washed with diethyl
ether and dried in vacuo.

2.4.5. Preparation of UOAVIla)(H,0) (n=35)

To a chloroform or acetonitrile solution (50 ml) of
UO,(11a) (H.0) or of UO,(Il'a)(McOH) (1 mmol), a
chloroform solution (20ml) of 2-(aminomethyl)-15-crown-
5 (2 mmol) was added. The solution was refluxed for 3 h
then evaporated to dryness under reduced pressure. The res-
idue was dissolved in methanol and clarified by filtration, The
addition of diethyl ether gave rise to an orange precipitate. It
was {iltered off, washed with diethyl ether and dried in vacuo.

2.4.6. Preparation of La(tHy=VIHc INQ,) .. La(H -VIId)-
(NO,); and La(H VIR )(NO;), (n =4)

The appropriate acyclic lanthanum complex (La(H,-
He)(NOy) L La(Hy-I1d) (NO,) , or La(Hy-Ith) (NO,), (1
mmol) in dimethylformamide (30 ml) was reacted with 2-
aminomethyl-12-crown-4 (or 2-aminomethyl-15-crown-5)
(2 mmol). The resulting solution was refluxed for 4 h, then
evaporated 1o dryness under reduced pressure. The residue,
treated with chloroform, formed a precipitate for La(Hy-
VHe)(NOY, or a solution for La(Ha=VHd)(NO, or
LatHyVIIW)(NO,) .. The precipitate was fihered off,
washud with chloroform and dried in vacuo. The solution,
cluritied by filtration. separated a precipitate by uddition of
diethyl ether for Lu¢Ha=VIId) (NO,), or of diethyl cther/
ethanol for La( Hy-VIh) (NO,) .. The precipitate was filtered
ofT, washed with diethyl ether and dried in vacuo. The com-
plexes La( Hy=VIIb) (NO; ), and La( Hy-VITh) (NO, )y may
be obtained by reaction of the preformed ligands Hy-VIIb
and Hy=VITh with La¢ NO,) .« 6H O in a 111 molar ratio,

2.4.7. Preparation of UOSVIH )+ 2NaNQO ;-
2CHCl» 3MeOH

To He-VIII+H,O (0.08 mmol) in methanol (100 ml),
NaOH (0.18 mmol) and UQ,(NO,),+6H.0 (0.08 mmol)
were added in succession. The solution was refluxed for 6 h,
then evaporated to dryness under reduced pressure, The res-
idue was treated with chloroform, the precipitate was elimi-
nated by ftiltration and the orange solution was partially
evaporated under reduced pressure. The orange precipitate
obtained by addition of diethyl cther was filtered. washed
with diethyt ether and dried in vacuo.
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2.5, Planar ligands conraining polvamine moieties and
related complexes

2.5.1. Preparation of Hy-Xla-4HBr<2.5MeOH

A methanolic solution (30 ml) of ethylenediamine (0.6
mmol) was added dropwise to a stirred suspension of H-
B-2HBr (1.2 mmol) in methanol (50 ml). The suspension
was refluxed for 5 h and the yellow solution obtained was
evaporated to dryness under reduced pressure to give a yellow
solid. It was washed with diethy! ether and dried in vacuo.

2.5.2. Preparation of H-XII-2HBr+0.5H,0+0.5MeOH

A methanolic solution (30 ml) of ethylenediamine (1
mmol) was added dropwise 0 a stirred suspension of H-
B+ 2HBr ( | mmol) in methanol (50 ml). The suspension was
refluxed for 5 h and the yellow solution obtained was evap-
orated to dryness under reduced pressure. The yellow solid
was treated with chloroform and the precipitate was filtered.
washed with chloroform and dried in vacuo.

2.5.3. Preparation of UOS(X)*MeOH

To a methanol solution (50 ml) of H-C (2 mmol), ethy-
lenediamine (1 mmol) and UO,(CH,C0Q),+2H,0 (I
mmol) in methanol (50 ml) were added. The orange-red
solution was stirred for 15 min under reflux: then LiOH (2
mmol ) was added und the solution maintained under reflux
for 2.5 h, then allowed to stand overnight. The orange-red
solid obtained was collected by filtration, washed with meth-
anol and dried in vacuo.,

2.5.4. Preparvation of UOstX1a) MeOH

To a methanol solution (50 ml) of HpXlu«dHBre
2.5MeOH (0,125 mmol), an excess of NaOH (1 mmol) and
U0 NO4)»+6H50 (0.125 mmol) were added in succession,
The orange solution was refluxed for § h, then filtered and
evaporated to dryness under reduced pressure. The residue
was treated with chloroform; the solid obtained was elimi-
nated by filtration while the orange solution was slowly
reduced to a small volume. The precipitate was eliminated
by filtration and the solution was treated with diethyl ether.
The solid was tiltcred off and the solution was slowly evap-
orated to give an orange residue. It was washed with diethyl
ether and dried in vacuo.,

2.5.5. Preparation of NaxXla) - MeOH < 2CHCI,

To a yellow methanolic solution (50 ml) of H-B+2HBr
(2 mmol) and NaOH (6 mmol), a methanelic solution (30
mi) of ethylenediamine ( | mmol) was added dropwise. The
resulting solution was refluxed for 6 h, then filtered and evap-
orated 10 dryness under reduced pressure. The residue was
treated with chloroform, the solid was climinated and the
solution was partially evaporated under reduced pressure.
The yellow precipitate obtained by addition of diethyl ether
was filtered, washed with diethy! ether and dried in vacuo.

2.5.6. Preparation of Cu(Xla)+ HBr- H,0+MeOH

To a methanolic solution (50 ml) of H-B - 2HBr (2 mmot)
and NaOH (6 mmol), ethylenediamine (1 mmol) and
Cu(CH;C00),-H,0 (1 mmol) in methanol (30 ml) were
added in succession. The dark green solution obtained was
refluxed for 5 h, then filtered and evaporated to dryness under
reduced pressure. The residue was treated with chloroform.
The solid was eliminated by filtration and the green solution
wis evaporated to dryness under reduced pressure to give a
green solid which was dried in vacuo.

2.5.7. Preparation of Cus(Xla)(CH,COO)(OH)- HBr

A methanolic solution (30 ml) of ethylenediamine (1
mmol) was added dropwise to a methanolic suspension (50
ml) of H-B+2HBr (2 mmol) and NaOH (6 mmol); then
Cu(CH,CO0),+H,0 (2 mmol) was added. The dark green
solution was refluxed for 6 h and evaporated to dryness under
reduced pressure. The residue was treated with chloroform.
The precipitate was eliminated by filtration and the solution
was evaporated to dryness under reduced pressure to give a
green solid which was dried in vacuo.

2.5.8. Preparation of Nis(Xla)(CH,COO},- HBr«0.5H,0

To a stirred methanolic suspension (50 ml) of H-B-2HBr
(2 mmol ), a methanolic solution (30 ml) of ethylenediamine
(1 mmol), NaOH (6 mmol) and Ni(CH;C0O0),-4H,0 (1
mmol} were added in succession. The clear orange solution
obtained was refluxed for § h, then evaporated to dryness
under reduced pressure. The dark orange solid oblained was
treated with chloroform. The residue was eliminated by fil-
tration and the solution was evaporated 0 dryness under
reduced pressure. The brown solid obtained was dried in
vieuo,

2.5.9. Prepuration of Las Xle ) Br)ANO ), $H 0

Toamethanatic solution (50 ml) of H=B+ 2HBr (2 mmol)
and NaOH (6 mmol), diethylenetriamine (1 mmol) inmeth-
anol (30 ml) and La(NO,)+6H,0 (1 mmol) were added
dropwise. The yellow solution obtained was refluxed for 6 h,
then it was evaporated to dryness under reduced pressure and
the residue was treated with chloroform. The solid obtained
was eliminated by filtration and the solution, partially reduced
in volume, was treated with diethyl ether. The obtained pre-
cipitate was filtered, washed with diethyl ether and treated
with a chloroform/diethyl ether solution ( 1:2). The obtained
precipitate was filtered, washed with diethy! ether and dried
in vacuo.

2.5.10. Preparation of LayXIe)(Br)ANO N OH)+4H,0
Bis-2-aminoethyl-sulfide (| mmol) in methanol (30 ml)
was added dropwise to a methanolic solution (50 mi) of H-
B:2HBr (2 mmol) and NaOH (6.5 mmol). The resulting
solution, after the addition of La(NO,);+6H,0 (1 mmol).
was refluxed for 5 h. then evaporated to dryness under
reduced pressure. The residue was treated with chloroform
and the chloroformic solution was partially evaporated under
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reduced pressure. The solid obtained by addition of diethyl
ether was filtered, washed with diethyl ether, dissolved in
chioroform and treated again with diethyl ether until incipient
precipitation, then allowed to stand for 2 h. The yellow solu-
tion was purified by tiltration, evaporated to dryness under
reduced pressure and the solid obtained was dried in vacuo.

2.5.11. Preparation of Lay(XIh i Br)(NO,)(OH)>+ H-O

To amethanolic solution (50 ml) of H-B+«2HBr (2 mmol)
and NaOH (6 mmol). |.8-diamino-3.6-dioxaoctane (1
mmol ) in methanol (30 mD) and La(NO,) ;- 6H,0 (1 mmol)
were added. The yellow solution obtained was refluxed for 6
h. then clarified by filtration and evaporated to dryness under
reduced pressure. The yellow solid was treated with chloro-
form, the precipitate was eliminated by filtration and the
solution treated with diethyl ether. The precipitate obtained
was filtered, washed with diethyl ether, treated with chioro-
form (10 ml) and precipitated with diethy) ether. The solid
wils filtered, washed with diethyl ether and dricd in vacuo.

2.5.12. Preparation of Lust XId) Br),(NO#OH)H,0

To a methanolic solution ( 50 mi) of H-B» 2HBr (2 mmol)
and NuOH (6 mmol), 1,5-diamino-3-oxapentane ¢ | mmol)
in methanol (30 ml) was added dropwise. The yellow solu-
tion obtained by the subsequent addition of Lag NO,) ;- 6H,0
(1 mmol) was refluxed for § h, then allowed 10 stand for 2
h. The precipitated was eliminated by filtration, The solution
was eviaporated to dryness under reduced pressure and the
residue obtnined was treated with chlorotform, The solution
was clurified by filtration und partially evaporated under
reduced pressure. The precipitute obtained by addition of
diethyl ether was tiltered, washed with dicthyl ether, dis-
solved in chloroform (10 ml) and teeated with diethyl ether
€30 mh). The solution was tiltered and the solid obained by
filtration was washed with dicthy! ether and dried in vacuo,

2.6. X-ray crvstallography

Data were collected on a Philips PW 1100 automatic dif-
fractometer  (FEBO System). using Mo Ko radiation
(A=0.7107 A) and 626 scan method. Cell dimensions were
determined by leust-squares retinement of 25 medium angle
settings. The crystals were stable under irradiation. The steue-
ture was solved by Patterson and Fourier methods alicrnated
with cycles of least-squures refinement of the atomie para-
meters. All hydrogen atoms were introduced to calculated
positions with fixed isotropic Wemperawuie factors ( U,,,, = 0.08
A%). Anisotropy was introduced for all non-hydrogen o,
An analysis of the tinal distribution of w(A #)* did not sug-
gest any appropriate weighting scheme.,

Crystal und intensity duta and selected bond distances and
angles are reported in Tables 2 and 3. All calculutions were
carried out on u DIGITAL ALPHA-AXP 300 computer using
programs SHELX-76 and SHELX-86 {17.18]. See also
Section §,

Table 2
Crystal and intensity data for | Lat D (dmD |

Formuls CooHeN |u0u(‘|n»l~“:

FwW 1707.8

Colour, shape. size yellow, prisms, 0.20%x0.29 X().21
FO00) 1708 (electrons)

Cell paranweters

atA) 12.590¢4)

b(A)y 14.277(5)

c{A) 19.710(5)

B 95.45(4)

Celi volume. V (A% 3827 h

Cale. density D, (gem Yy Lol

2 (the anymmetric unit is hall of
the molecule )

monvelinic

P2(7¢ tNo, 1Y

Molecules per cell, Z

Crystal system
Space group

Absorption, gt Mo Ke) com ') 15.2

Wavelength, AcMo Ka) () 07107

Scan method /20

Scan speed (" min ') 2

Data collected, 20 liamits () 5395, 5-52

Data with 7> 3 D 5138

Nu, parameters refined H2E2S
{ohy, per parameter)

Discrepancy tactor R 0,032

GOF 203

Cuorrections applicd Lp. absorplion | 26|
Transmission coelticient 0.980-0.867
Highest shift/esd. 0044

Highest map residual (¢ A 5 0,59

2.7, Physico-chemical measurements

IR spectea were recorded as KBr peliets ona Mattson FTIR
3000 spectrometer. 'H and ''C NMR spectra were recorded
at 200,132 MHz on a Bruker AC200 spectrometer equipped
with an Aspect 3000 computer at room lemperature., Some of
the signals were assigned by the spin decoupling technigue.
All the samples examined were dissolved in hot dmso-d,, or
CDCl, used also as internal references. The homogeneity of
the heteropolynuctear samples wis checked by using a Philips
XL40 model scanning clectron microscopy equipped with an
EDAX PVY9 X-ray encrgy dispersive spectrometer. Metal
ratios were determined by energy dispersive X-ray specirom-
etry (EDX) {191, The solvent content (H,0 or MeOH ) was
evaluated by thermal analysis curves using a Netzsch STA
429 thermoanalytical equipment. The tests were performed
in a nitrogen atmosphere (lux rate 250 ml min ' heating
rate $°C min ') and in airunder the sume conditions, Neutral
alumina (Carlo Erba product ) was used as reference material,

All mass spectrometric measurements were performed on
A VG ZAB 2F instrument ( VG analytical Ltd. ) operating in
clectronimpact (ED (70¢V, 200 mA. ion source temperature
200°C) and tast atom bombardment (FAB) (8 KeV Xe atom
bombarding a thioglycerol/acetic solution of the sample)
conditions [201].

Magnetic susceptibilities were determined by the Faraday
method at room temperature, the apparatus (Oxford Instru-
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Table 3
Selected bund distances (A ) and bond angles ¢ ) (standard deviation in
parentheses )

Lat -012) 232103) Lat V=N 1) 271834
La(l)-N¢2) 286713 Lat F)-N¢3) 26923
Lat -0} 2308t3) Lat 1)-Nd) 270103
Lat D-0(5) 246503 Lat 1)-0(7) 254704
Cle 1)-Cdy L7503 Cle2)-Ciley L7483
Cl(3)-Ci26) 17533y Oih-Ceh L2MH T
Ceh-Ci 1.473(6) OU2H)-C(7) 1.339¢4y
CH-Cidy 1.395¢4)y  C3)-Ce2) 1.395¢4)
Cihi=C(H) 13954y C(5)-Coy 1.395¢4)
Co)-C( 1.395(4)  Ct6o)-C(8) FATICS)
C)-C(2 1.395(4) Ci)-Neh 1.268(6)
Nt -C(9) 1.482¢6) Ct-Ce iy LS
Coloy-Ne2) 149716 Ni2)-Celly 1.499(6)
N(2)-C 21 148116y Cah=Coly L5217,
Ctl)-Ni 1. 464(5) N3 -Coldy 1.277 (6
CA-Co iy 1.462(5) C200-04h 1.21910)
Co1R)-Ce20) 1.45440) Cr22)-N¢ 1.479( %)
C(19)-0(3) 1.337¢4y C23)-C2 1.480(5)
CRN-C2 1.507¢6) Ce28)-Cr 1.459¢5)
Nt4)-C(23) 1.278¢5) C1293-0¢5) 1.230(4)
Cr3-01o 1.224¢5) O -Cidh 1. 2407)
Ct3Nn-Nts) 1.325¢8) Nt5)-C a2y 14201
NH-Cdd LA6C 1)

OcSr-Lat -t 7 73.201) Nedi-bat 1=017) LN B
Nedhi=Lat 1 -OtS) 68.3c)  Oth)-Lat - 7) 145.70
Ou=Lat -0t MSh Oi3)-Lac =Nty 7R3
NG =Lat -7y IRINTR B! Ne3)-Lat =00 5) 132.5hH
NCU=Lat D-Ntbh 77.2¢1) Nt 3=t -0 3) 60.R( 1)
Nti-bat h-7) 68 N2y =-Lat 1H=-015) R4
Nt =Lat 1-Nth) 6h501) N =-Lat 1) =O13) 1208 1)
Ne)=Lat 1)-Nt 3y ol h NeH-Lat = 7) 76,201
Neh-Latc b -0 8y H2Seh N -Lath=Nedy 12820
Nt -Lac -0t h) 13810 1) Neh-Lath =Ny |4.001
Nebh-Lath-Ni 6l Oe-Lat -4 7) 120201
O -bac A sy oy Oc)-Lat -Nid) 188,11 1)
Otr-bat -0 d)y MOH OD-lat-Neh RLMh
Q2i-Lath-Neh g6t Oc-lach-Nel o9l
Lat Fy=Nt1)=C(R) 120.11.) EatD=NtbH=Coih T e
Lat =N H=Ciey 119.003) Lot =N{3H)=-Crld) 132.8¢
Lat H=Ne)=Coth 106.8¢2) Lt 1y=N(4)-C2) [FUNTRE
LacH=Neh-Colh AN Lach=Nid)=Cidy P20
LatL-N(H-C 2 106.3¢3) Lot Hh=Ot)-Ci 7 13250
Lag -0 3=Co i X1y Lac -5 -C0 2 130.0¢
Lit D=O(-C(3) 124.604) Ce8)1=N( -ty 11,004
CAM=N(2)=C2h 108.3¢3) COD=N2)-C 21 111.3¢3)
CUM=N2)=Cel 105t H COD=N)-Cl 744y
CIN-=Ni(§)-Criy) HY.0(7) C2)-N(4)-C(23) 115.5¢4)
CI-N(5-C3)) 120.006) CAAD=NS-C 32y 121.0(6)

ments) heing calibrated with HeCo(NCS), | 21]. Diamag-
netic corrections were performed {22,
3. Results and discussion
3.1, Fornnl precursors and related complexes
In order to synthesize the functionalized tridimensional

or planar compounds derived from 2.6-dilormyl-4-chloro-
phenol. the appropriate formyl precursors Hy-1 and H,-1l

have been prepared by self condensation  Scheme 2) and/
or the related complexes by template procedure.

In particular the condensation reaction in anhydrous
acetonitrile of 2.6-diformyl-4-chloraphenol with tris-¢2-
aminocthyl yamine in & 3:1 molar ratio gives rise to the cor-
responding tridimensional acyclic ligand with three aldehydic
functionalities ( Hy-I). The same reaction in methanol affords
i compound where the aldehydic functionalities have been
transformed into the acetal groups (H;-1'). A similar behav-
ior was found when 2.6-diformyl-4-chlorophenol was
reacted. under the same experimental conditions, with the
diamines H.N-R-NH; in a 2:1 molar ratio: again the diformyl
compounds H,-II are obtained in anhydrous acetonitrile and
the diacetal analogues Hy-II' in methanol. It must be noted
that the experimental conditions employed in the preparation
ol the acyclic ligands may favor also the formation. as by-
products. of the corresponding symmetric macrocycles Hy-
IX (Scheme 2). identical to the genuine tetraimine
macrocycles synthesized by direct self-condensation of the
appropriate precursors [4,5,7.10-12]. These |2 + 2] mucro-
ceycles ave yellow or orange-yellow solids. moderately solu-
ble in the common organic solvents. The absence of IR bands
due 10 1(C=0) or v(NH,) and the conlemporary presence
of strong peaks in the range 1645-1620cm ' dueto v(C=N)
confirm that the cyclic condensition reaction occurs with the
consequent formation of the tetramine symmetric macrocy-
¢le. FAB or EI mass spectrometric investigations contirm
these data evidencing the parent peak at the appropriate m/:
value. “

The different solubility of the acyclic and cyclic ligands or
their separation by chromatography allows pure products o
he obtained. The ucyclic ligands have been characterized by
IR. NMR and mass spectrometry. Thus the 'HNMR spectrum
of Hy=l in dmso-d,, does not evidence the presence of acetal
groups while a peak at 8.43 ppm due o the aldehydic protons
CH=Q is clearly detected. The formyl compound shows addi-
tional peaks at 8.43 (CH=N), 7.61 and 7.26 (aromatic pro-
tons), 3.73 (CH; protons bonded with the iminic groups)
and 2.92 ( CH, protons bonded to the tertiary amine nitrogen )
ppm. Moreover the IR spectrum of Hyelugrees with the NMR
duta showing strong bands at 1672 and 1641 em ' due
respectively o »(C=0) and »(C=N).

In order to overcome the formation of by-products and to
increase the yield. the acyclic compounds have been obtained
as their complexes by the formy] and amine precursors in the
presence of a suitable metal ion as templating agent. Reaction
of Hpl with LoClyenH.0 (Ln=La*' . Gd"" . Dy* ' :n=6.
7. 8) in the presence of NE,, afforded La(D yellow solids
in good yields, The same complexes were obtained when the
formyl and the amine precursors were reacted in acctonitrile.
using the appropriate lanthanide(111) chloride hydrate as tem-
plating agent. When recrystallized from a dimethylformam-
ide/acetonitrile solution, the complexes Ln(I) (dmt) were
obtained (Ln = La, Gd. Y). The homogeneity of the samples
and the correct chlorine:metal 3:1 ratio were ascertained also
by scanning electron microscopy (SEM) and EDX analyses.
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Scheme 2.

Fig. 1. View of the structure (a) and metal core (b of | LucD (dmiy | with numbering scheme adopted.

The IR spectrum of the complex La(l) shows py(C=0) at
1668=1658 cm~' und »(C=N) at 1638=1632 cm . both
absorptions ure lower that those in the free ligand Hy-l1,

'H NMR data for La(1) (dmt): in dmso-d,,, peaks at 10,31
(s; CH=0), 8.08 (s: CH=N), 7,98, 7.35 (dd: arom,), 3.71
(t C=NCH;), 2.99 (t; NCH,) ppm. ''C NMR spectra
(dmso-d,): 18945 (HC=0). 163.23 (HC=N). 162.27
(Car, -C=0), 140.27 (Cur. =C=N), 129.51 (Car. =OH).
114,74 (Car, =Cl), 128,27, 126.42 (Car. =H), 60.00, 59.63
(=NCH,, -NCH,) ppm.

The 'H and '*C NMR spectra of the diamagnetic La( 1)
complex La( ) in solution are consistent with the occurrence
of a highly symmetrical structure. In particular only one sig-
nal is observed for the three aldehyde functionalities which
appears slightly shifted with respect to the position displayed
by the free ligand. Interestingly the aldehyde absorption is
split into two signals (2:1) in the ''C CPMAS (cross polar-
ization magic angle spinning ) NMR spectrum of'a solid sam-
ple. Thus this observation appears as evidence for the
occurrence of different structures in solution and in solid state
und prompted us to determine the X-ray structure of this
complex,

Suitable crystals of La(I) (dmf) were obtained by recrys-
tllization from a dimethylformamide/acetonitrile solution
of the yellow reaction products Lu(1) + 1.5H,0. This complex
is a dimeric entity and can be formulated as [ La(1) (dmf) | ».
The molecular structure of [La(1)dmf], is shown in Fig. |

together with the adopted numbering scheme. The molecule
is centrosymmetric and the inversion center i between the
two lanthanum( 11 jons thut ure 8.24 A apart.

Each lanthanum ion is nine-coordinuted and the coordi-
nution polyhedron can be described as a square monocapped
antiprism. One square buse comprises four oxygen atoms:
three (02, O3, O5) are phenolic oxygens, the fourth (O6a)
is an aldeydic one generated. by symmetry. from (06) und
represents the bridge to the second part of the molecule. The
second square base consists of three iminic nitrogens (N1,
N3. N4) and one oxygen atom (O7) derived from the coor-
dinated dimethylformamide molecule.

The two mean planes of the two square bases are almost
paratlel forming a dihedral angle of 3.5°, where the maximum
deviation of the defining atoms is +0.092 A. The lanthanum
ion is 1.343 A above the first plane and 1.171 A below the
second one,

The aminic N(2) atom is the cap of the polyhedron and
represents the longest coordination bond (2.867(3) A) 10
the central ion. The other distances to the metal vary between
2.408(3) and 2.547(4) A for the La-G and between
2.692(3) and 2.867(3) A for the La-N bonds. The C=N
iminic bonds are well localized being comprised between
1.268(6) and 1.278(5) A: the C-O(phenolic) bonds are
identical (between 1.336(4) and 1.339(4) A): the free
C=0(aldehydic) are a little shorter (C(1)-0(1). 1.217(7):
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C(20)-0(4), 1.219(6) A) than that involved in the coor-
dination to lanthanum ion (C(30)-0(6), 1.224(5) A).

The ligand. coordinating the lanthanum ion, forms two
types of chelating rings; the five-membered rings, withN---N
donor atoms, form N-La-N angles of between 61.3 and 64.5°
while the six-membered rings with NO donor atoms form
larger N-La—O angles of between 66.8 and 68.3°. No inter-
molecular interactions are present: thus the dinuclear units
appear to be isolated in the crystal.

An X-ray powder diffraction investigation of the gadolin-
ium(IIl) complex [Gd(I) (dmf) ], reveals it is isostructural
with the lanthanum( 1) analogue. Owing to the extremely
low solubility of the complex in H.O it was impossible to
measure the relaxivity of the paramagaetic complex although
the extensive broadening of the residual HDO water in DMF
solution strongly indicates a direct inieraction with the metal
center. Likely. the two coordination sites accupied in the solid
state respectively by a formylic and the amidic oxygens are
substituted by H,O in solution. The complex is then mono-
meric in DMF solution and might be formulated as
Gd(ID)(H,0).. This observation is encouraging in view of
the development of new, stable and water soluble compounds
for NMR imaging bused on the podand H,-l ligand.

The preformed acyclic planar ligands Hy-11 react with d-
or (-metal ions Lo form the relative mononuclear complexes:
the same complexes have been obtained by condensation of
the formyl and amine precursors in a 2:1 molar ratio in the
presence of the appropriate metal salt. The formation of these
metal compounds shows the same solvent- dependent behav-
ior: complexes contuining the formyl or the acetal groups
have been obtained respectively in ceetonitrile or methanol.
Morcover the addition of the appropriste amount of base
determines, especially for the complexes derived from (-
metal ions, the absence of counter anions, Ax examples the
uranyl( V1) and lanthanum(IH) complexes, UO ( Hy=11"n)-
( NO\ ). or UO;( H;'"a)( NOx }s and Lu( H;'"‘d ) N01 )
or La(Hylld) (NO,) .. were oblained by reaction of 2,6-
diformyl-4-chlorophenol respectively with ethylenediamine
or  LS-diamino-3-oxapentane  in  the  presence  of
UO,(NO1):+6H.0 or La(NO,);+6H,0 respectively in
methanol or acetonitrile, while UO,(11"a)(MeOH) or
La(Il'd)(OH)(S), (S=H,0 or MeOH) were prepared
when the same reactions were carried out in the presence of
the appropriatc amount of base.

Moreover. when a 1:1 uranyl:LiOH ratio was used, the
complexes UO,(II'a)(MeOH) and UO,(H-II"a)(NO,)
were recavered. For UO,(H-11"a) (NO,) the structure given
in Fig. 2 may be suggested on the basis of the 'H NMR
spectrum in dmso-d,,, which shows a singlet due to phenolic
protons at 11.01. a singlet at 9.61 ppm due to CHO. two
doublets at 9.54 and 9.48 ppm (CH=N protons coupled with
aromatic protons ), two multiplets at 8.09 and 7.39 ppm (aro-
matic protons ). a peak at 5.04 ppm (OH of the acetal group).
4.60-4.49 ppm (CH,CH,) and 3.38 ppm (OCH; of the acetal

group).

Cl a
OCH; OCH,
| ) H H
N H OH N O
N4 \ /0 o
2—ONO; UO,—HOH,
/\ / N\
N [o] [o] N o] H
OCH,3
OCH,
Ct Cl
UO,(H-1a")(NO;) UO,(I1a')}(CH,0H)

Fig. 2. The proposed structure of UO,(1F'a) ¢ MeOH) and U0t H-11a)-
(NOY).

The IR spectrum shows two strong bands at 1655 and 1626
em ! respectively attributed to #(C=0) and ¥(C=N): the
presence of the uranyl( V1) group is confirmed by a strong
band at 905 cm ™! due to antisymmetric stretching »,(0-U-
0): tinally there are bands at 1453 and 1332 cm ™' possibly
due to the nitrate group which coordinates as monodentate.
An additional band at 1384 ¢cm ', due to an ionic nitrate,
may be caused by the reaction of the complex with KBr used
for preparing IR samples.

A second precipitate, formulated as UO,(11'a)(MeOH).
obtained from the mother liquor. possibly has the structure
with both formyl groups in the acetal form as shown in Fig. 2.
In the '"H NMR spectrum of this compound the signals at
11.01 and 9.61 ppm have disappeared while only one peak
due 10 CH=N is present at 9.48 ppm. Also the aromatic
signals are simplificd, owing to the higher symmetry of the
compound (a doublet of doublets at 7.72 and 7.60 ppm). The
signal at 6.61 ppm is due 1o the acetal CH while the signal
due 1o the acewalic OH is not present, Moreover the peak it
3.38 ppm is auributed 1o the CH; groups while the peak at
4.49 ppm is due o the CH,UH; group. Finally the presence
of a methano! molecule, possibly filling the fitth equatorial
coordination site about the uranyl( V1) ion, is evidenced by
a doublet at 3.17 ppm und by a quartet at 4.12 ppm. Its IR
spectrum shows only a strong band at 1625 cm ' due to
v(C=N) and a strong band at 902 ¢cm ' due to »,(0-U-
0).

The high yieicd and purity of the complexes obtained from
CH.CN are due to the considerably enhanced solubility of
the reactants in comparison with the related complexes. Thus
the complexes Lu(H,-11) (NO1) « (Hy-11b. Hp-llc. Hy-11d.
H,-1le. Hy-11f. Hy-11g and H,-11h) precipitate from the reac-
tion solution as pure yellow or orange solids. SEM and EDX
investigations confirm the homogeneity of these saraples and
the correct 1:2 lanthanum:chloride ratio. NMR and IR inves-
tigations strongly support the structure where the ligand coor-
dinates o the central metal ion in the diformyl form. For
example the '"H NMR spectrum of La(Hp-1Ib)(NO,) . in
dmso-d, shows signals at 14.78 (HO-phenolic). 10.18
(CH=0), 8.52 (CH=N). a doublet of doublets at 7.62-7.52
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(aromatic protons) and 3.76 (methylenic protons) ppm. The
IR spectrum agrees with the NMR data: the two strong bands
at 1669 and 1653 em ' are due respectively to »(C=0) and
p(C=N). It is to be noted that the NMR spectrum of La( H,-
11b) (NO.) ; in dmso-d,, progressively changes becoming in
a few minutes identical to that of the free ligand showing that
dimethy| sulfoxide 15 able to substitute the Schiff base in the
coordination to the central metal jon when the Schift base
behaves as a neutral ligand. When it acts as a deprotonated
ligand, it is firmly bound 1o the central metal ion and cannot
e substituted by strong coordinating solvents.

3.2, Functionalized tridimensional ligands and related
complexes

The tridimensional functionalized ligands and/or their
complexes have been prepared according to Scheme 3

In particular the mononuclear lanthanide complex La( HID
wis synthesized by condensation of La(l) and 2-(methyl-
aming)-12-crown-4; elemental analyses, SEM and EDX
studies show the complex is  homogencous with a
lanthanum:chloride ratio 1:3. In the IR spectrum the bands
due 10 #(C=0) are absent, indicating that the starting com-
plex or partially condensed species are not present, while
strong bands due o the iminic and crown-cther groups are
clearly detectable; »(C=N) lies at 1632 ¢m ', »(C-0) w
1138 and 1106 ¢m ', »(CH,) at 2907 em ', Accordingly
the '"H NMR spectra contirm the structure proposed for
Latdily showing peuks ot 8.55=8.06 (CH=N). 7,61-7.22
( aromutic protons), 3,70-3,36 and 2.92=2,63 ( CH, protons )

CN wmo L .
R A
\

e
N on e Clly
H
“’C‘N N

ppm. In addition the peaks at 10.31 ppm, due to the CH=0
protons. clearly detectable in ihe 'H NMR spectrumof La(I),
cannot be observed in the spectrum of the functionalized
lanthanum complex La(1Il).

Also it is interesting to note that the '*C NMR spectrum of
this complex in dmso-d,, evidences peaks at 164-168 ppm,
due to the iminic carbons, and the disappearance of peaks at
189 ppm due to the formyl carbons. Moreover the peaks due
to the aromatic carbons lie at 136, 129 and 114 ppm as in the
triformyl precursor La(I). Finally peaks due to the triamine
carbon framework can be detected at 57-59 ppm and, more
diagnostic, the peaks at 69-76 ppm completely absent in
La(1). assigned to the carbons of the crown-ether moiety. are
clearly detecrable,

Lanthanide (11D salts react with the tridimensional pod
and ligands HypdV or Hy-V to torm Ln(IV)+uH,O or
Lo(Vy«aH, O (n=1, 2) in the presence of the appropriate
amount of base and La(Hg@IV)Y(X)+nuH, 0 (X=Cl ",
NO, : #=1-5) in the absence of base. In Ln(IV)+nH.O or
Ln( V) +-nH,0 the metal ion occupies the inner N,Q; coor-
dination chamber; in La(HpIV)(X): or La(HyV)(X),
only some oxygen atoms of the external 0,0, chamber are
involved in the coordination. the other coordination sites
about the metal ion being filled by the anions X 23], The
complexes Ln(IV) +nH,0 and La( V) *#H,0, when mixed
with alkali salts or as a consequence of their preparation
procedure. encapsulate these salts into the free owter 0,0,
chamber and compounds formulable as La(IV)(H,0) -
aMX (n=0.7-1: M=Nu. K: X=CIl, NO,). SEM and EDX
investigations confirm the consequent formution of these het-
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eropolynuclear species. evidencing the homogeneity of the
samples, the presence of both metal ions and the Ln:M ratio,
Ln¢H,-IV)(NO,) ; and especially Ln( H,-V ) (NO,) , are not
stable in alcoholic solution and suffer a partial hydrolysis
when redissolved in these solvents: on the contrary. they are
stable in air for a long period of time. Moreover in coordi-
nating solvents, such as dimethyl sulfoxide. the demetallation
reaction Ln(H,L)( X) ;+ndmso — Ln(dmso),(X);+ H,L
oceurs: the '"HNMR spectraof La( Hy-IV ) (NO, ) ;or La( Hy-
VINO,), in dmso-d,, clearly show the peaks due 1o the free
ligands at 8.02 (Hy1V) or 8.24 (H;-V) ppm attributed 10
the iminic protons, peaks at 6.94-6.24 (Ha-IV) or 6.95-6.60
(H-V) ppm due to aromatic protons, and aliphatic ones at
3.80-2.84 (Hy-EV) or 3.99-1.29 (H;-V) ppm. In these com-
plexes the ligand behaves as a crown-cther-like ligand and
cannot compete with strong coordinating solvents such as
dimethyl sulfoxide: thus it is released in this solvent. These
data also evidence that the Schilf base can be recovered from
the reaction solution: thus these ligands coordinate to the
lanthanide (1D ion withowt suiTering hydrolysis. The hydrol-
ysis occurs only when the complexes are treated with alcohol
in recrystallization processes.

Finally LatVIy was prepared by template reaction of

wis( 2-aminoethyDamine and 4-bromo-2-| 2-(dimethylam-
ino-cthyl)methylamino | -methyl-6-formyl-phenol in o 3:1
molar ratio, and in the presence of La(NO,) »6H,0 and
NaOH as a base (Scheme 3). The elemental analyses and
SEM and EDX studies evidence the presence of NaNQ, with
a lanthanum:sodium:bromine ratio of 1:0.5:3.5). In the IR
speetrum a strong absorption peak at 1390em ' is diagnostic
of an jonie nitrate group while the strong band a 1629 em !
is due to p(C=N).

S8 Planar ligands comaining crovwn-cther moieties and
related compleaes

By a step by step procedure it is possible 10 oblain the
functionalized plinar acyclic ligands Hy=VILor Hy-VIIL and
the related complexes containing  crown-cther moieties
(Scheme 4).
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Thus. by condensation of the acyclic ligands Hy-Hb and
Hy-llh with 2-aminomethyi-12-crown-4 in CHCl, or
CH:CN. the Schiff bases Hy-VIIb and H.-VIIh were
obtained after several purification processes and in very low
yield respectively as an oil or a solid.

For Hy-VIIb FAB mass spectrometry shows the parent
peak at 728 m/z whiie the 'H NMR spectrum in dmso-d,,
shows peaks at 14.33 (phenolic ~OH). 8.47 (CH=N pro-
tons). 7.52-7.12 (aromatic protons) and 3.85-3.54 (CH.
aliphatic protons ) ppm.

The formation of Hp-VIEh was also contirmed by its FAB
mass spectrum, which evidences the parent peak at 856 m/ 2.
and by its 'H NMR spectrum in dmso-d,.. which shows peaks
at 14.06 (OH- phenolic). 8.47 and 8.41 (CH=N iminic
protons ), 7.52 (aromatic protons) and 3.74-3.61 (CH, ali-
phatic) ppm. In addition IR spectroscopy evidences the
absence of bands attributable 10 »(C=0) and the presence
of strong bands a 1640 and 1656 cm ' due to #(C=N), ut
2910-2870 cm ! due to »(CH,) and at 1131-1096 cm !
due to »(C-0). The difficulty in obtaining these compounds
in high yicld. by an apparently simple condensation reaction
between the acycelic ligands and the appropriawe primary
amine hearing crown-ether moiety. is due to side reactions,
such as the formation of symmetric cyclic ligands, We have
tried to overcome these problems through the condensition
of the acyclic ligands with a primary amine in the presence
of metal salts as templating agents. Unfortunately we have
observed that the hoped increased yield does not oceur i a
significant way: again side reactions Gike place, One side
reaction is represented by the formation of symmetric cyclic
complexes. Moreover these systems are polynucleating in
nature and consequently may secure two (or more) metl
ions into their coordination moiety. The consequence of these
reactions is the contemporary formation of different species,
quite often difticult to separate and a drastic decrease in the
yield of the desighed compound.

The acyclic ligands Hy«H and the related complexes, con-
tining the formyl groups in the acetal form, may also
undergo. under appropriate experimental conditions, further
condensution reactions giving rise o functionalized com-
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pounds. Thus UO:(11'a) (MeOH) or UO,(H-1I'a)(NO;).
when reacted with 2-aminoethyl- 15-crown-5§, form the com-
plexes UO:(VHa)(MeOH) (n=5) or UO(H-Vila)-
(NOy (n=35). The IR spectra of these complexes show
bands at ~ 1675 (#(C=N)), 2902-2867 (»(CH) aliphatic)
and ~ 1117 (»(C-0)) cm "', The IR spectra evidence also
a strong and sharp band respectively at 895 and 902 cm ™'
due to the antisymmetric »;(0-U-0). The 'H NMR spectra
in dmso-d,, shows peaks at 9.12 (CH=N protons), 7.30 (aro-
matic protons), 4.58 (CH, of the ethylenediamine moiety)
and 3.63 (CH, of the crown moiety ) ppm.

As already reported [2,4.6], the uranyl(VI) ion casily
forms Schiff base complexes with a pentagonal bipyramidal
geometry: this is favored by the need of the linear UO,**
group to be equatorially surrounded by five donor atoms. The
pentacoordination in the prepared complexes is reached by
the coordination of a solvent or an anion (i.c. NO; ") mole-
cule. This prevents the contemporary coordination of a sec-
ond UO,** group into the second adjacent N,O, chamber.
On the contrary the different coordination geometry of the
lanthanide(111) ions allows the formation of dinuclear com-
plexes in addition to the mononuclear analogues.

When the acyclic complex La( Hy-Ike) (NO,); is used as
formyl precursor, the product obtained by its condensation
with 2-(aminomethyl)-12-crown-4 contains an S:Cl:La ratio
1:1.5:1 as evidenced by SEM and EDX investigations: it is a
mixture of the symmetric cyclic complex La( Hy-1X) (NO,),
(X =8) and of the designed functionalized complex La( H,-
Vlie) (NO,), s evidenced by 'H NMR spectra in dmso-d,,,
This shows two different sets of signals: at 8.62-8.58
(CH=N)., 7.69 (aromatic protons), 3.73=-3.46 and 2.28
(CH; aliphatic) ppm due o the acyclic functionalized com-
plex und at 8.44 (CH=N) und 7.45 (aromatic protons) ppm
due to the cyclic complex (the signals due to the aliphatic
CH; ure covered by the peaks due 10 the aliphatic CH, of the
functionalized compound). The IR spectrum shows the pres-
ence of »(C=N) at 1632 and 1658, »(Cli) at 2992 und
»(C=0) 1071 em ', while the hand at {687 (#(C=0))
em ' present in the acyclic formyl precursors, cannot be
detected. The dinuclear complex Luy( VIIh) (NO,), (n=4)
was recovered when La(Hy=1Th) (NO, ), was used as formy)
precursor: SEM and EDX investigations indicute an La:Cl
ritio of 1:1. The IR spectrum “hows bunds at 1640 and 1658
(#(C=N)), 1071 (»(C-0)) and 2962 ( H(CH.}) em ',
while 'H NMR shows signals of 8.66-8.51 (CH=N). 7.71-
7.62 (aromatic protons ) and 3.67- 3.46 (CH, protons) ppm.

The formy | manganese complex Mn(1la) OH), obtained
by the reuction in acetonitrile of Hy-lEa with manganeseq 1)
ucetate or by template reaction, was used as precursor in the
Tormation of Mn(Vila) (OH) (n=4) by condensation with
Z-methylamino-12-crown-4, The experimental procedure
used does not prevent an oxidation of the manganese as sug-
gested by the magnetic moment found (4.20 BM). The sub-
sequent condensation of Mn(lIn)(OH) with 2-methyl-
amino-12-crown-4 gives rise to the mononuclear
Mn( Vila) (OH) complex which appears, on the basis of IR,

SEM and EDX investigations, to be contaminated by a small
amount of the related dinuclear manganese(1Il) complex.
The IR spectrum evidences ¥(C=N) at 1645 and 1653 cm ™'
and strong bands at 1132, 1108 (#(C=0)) and 2919, 2865
(CH.) cm ™' due to the crown-ether moieties.

The designed mononuclear complex Ni(VIla) (n=4)
was obtained when Ni( Illa) was reacted with 2-methylamine-
12-crown-4: SEM and EDX analyses show the complex is
homogencous with a correct 2:1 chloride:nickel ratio. The
complex is diamagnetic indicating a square planar coordi-
nation about the central metal ion and the 'H NMR spectrum
parallels the proposed structure evidencing peaks at 8.64—
7.80 (CH=N protons), 6.72-6.98 (aromatic protons) and
3.7 (CH, protons) ppm. The IR spectrum, very similar to
that of the manganese analogue, shows p(C=N) at 1625,
r{CH,) a1 2920 and »(C-0) at 1096cm "',

H;-A contains two formyl groups which engage in a con-
densation reaction with 2-aminomethyl- 1 5-crown-3, forming
H,+ VI -H,O as a yellow powder. In this ligand a strong IR
band at 1653 cm ™' (#(C=N)) substitutes thatat 1675cm ™'
(r(C=0)) for Hy=A: moreover very strong bands at 2869
(#(CH;)) and 1121 (»(C-0-C)) cm ™' give turther evi-
dence that the condensation reaction occurs. Finally an FAB
mass spectrometric investigation evidences the parent peak
at the appropriate m/: value.

Hy-VIHI+H,O reacts with uranyl( VI) nitrate in a chloro-
form/methanol solution and in the presence of NaOH to give
rise to the complex UO,( VIII) : 2NaNO, » 2CHCl, » 3MeOH:
the same complex has been obtained by condensation of
HyA and 2-methylumine- 15-crown-5 in the presence of
UO,(NG,),+6H-0 us templuting agent and NaOH. In this
complex the presence of Nu' was ascertuined by SEM und
EDX investigations, which evidence o 1:2:2 weanium:
sodium:chlorine ratio. Moreover IR spectroscopy shows the
presence of nitrate groups (a strong peak at 1384 em ') and
of an almost linear O=U-0 group (», at 881 ecm '), The
strong peaks at 1653 and 1635 em ' are auribuled to
r(C=N) of uncoordinated and coordinated azomethynic
groups.

34, Planar ligands containing polvamine moieties and
releited complexes

The ligands Hy=X and Hy-X1 representa ditferent synthetic
approuch to the preparation of functionalized systems. They
and/or their complexes containing d- or f-metal ions were
prepared by reaction of H-B or H-C with the appropriate
polyamine according to Scheme 5. The starting formyl
precursors H-B and H-C were obtained by Mannich reaction
of 4-chloro-2-formylphenol or  4-bromo-2-formylphenol
respectively with NNN'-trimethylethylenediamine or N-
methylpiperazine in the presence of paraformaldehyde | 14].

UO:(X)(McOH) was obtained as an orange-red solid by
reaction in methanol of d-bromo-2-| 2-methylaminodi-
ethyh)amino | -methyl-6-tormylphenol (H-C) and ethylene-
diamine in the presence of UO,(NO,),+6H.0 and LiOH as
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a base. The strong #,(0-U-0) IR band at 903 cm ' evi-
deaces the presence of the uranyl group: in addition i band
at1632em ! ((C=N)) is indicative that the condensation
reaction with the consequent formation of the Schift base
oceurs. Moreover the 'H NMR in CDCI, evidences that a
molecule of methanol is present and fills the fifth equatorial
pentacoordiniution about the uranyl( V1) ion.

-Bromo-2-| 2-¢ dimethylaminoethyh methy laminoe | -meth-
yl-t-formyl-phenol (H-B) forms, by condensation with o
series of polyamines or by emplate procedure. the corte-
sponding Schifl’ buses HyXE: thus it reacts in o 201 molar
ratio with ethylenediamine in methanol o form Hj-
Xla+4HBr2.5McOH (while with an excess ol ethylene-
diamine it forms H-XID).

H;-X1a+4HBr+2.5McOH shows p(C=N) at 1658 em '
which is shifted to 1662 ¢cm ' in the disodium complex
Na,( XIa) «MeOH+« 2CHCI,: in addition the IR bands at 2659
and 2472 em 'L attributable to #(NH--Br). disappear in the
disodium complex.

Hy-Xla+4HBr+2.5MeOH. when reacted  with UQO,-
(NO,;)»+6H,0. in a 1:1 molar ratio and in the presence of
NaOH. forms the orange-red mononuclear complex
UO:(XIa)(McOH). Again strong bands at 1627 and 891
em ' respectively due 0 #(C=N) and ».(O-U-Q) can he
detected in the IR spectrum,

The mononuclear Cu(XTa) *HBr-H,0-Me¢OH und the
dinuclear complexes Cuy(XEa) (CHCOO0)Y (OH) «HBr and
Ni,( X12) (CH.C0O0),  HBr+0.5H,0 were prepared by tem-
plate condensation of ethylenediamine and HB«2HBr in a
1:2 molar ratio and in the presence of the appropriate amount
of metal acetate, The formulation of these complexes is based

on the clemental analyses. including oxygen content. ind on
the metal:bromine ratio evaluated by SEM und EDX inves-
ligations. The presence of HBr is proposed on the basis of
their IR spectra which evidence bands in the range 2820-
2750 ¢em ' oanributed to Ne-H=Br bonds. Moreover.
PC=N) lies at 1634 ¢cm ' in the mononuclear copperc1l)
complex and at 1625 and 1623 em ' in the dinuclear cop-
per(ID and nickelt 11 analogues, respectively. fn addition
the dinuclear coppert il and nickeltIl) complexes shows
two strong absorption bands respectively at 1554 und 1437
em 'and o 1588 und 1431 em ! due to the i, (COO)
and p,,, (COO) of bridging acetate groups | 24].

The magnetic moment at room wmperature of the mono-
nuclear coppert1h) Cuy = 1.7 BM) and of the dinuclear cop-
pert1l) (uy= 1.7 BM per copper atom ) ) evidences that the
interaction hetween the two paramagnetic centers is negligi-
ble. The corresponding dinuclear nickel (1D complex shows
A py = 3.3 BM (2.4 per nickel(11) atom),

The condensation of H-B with H:N(CH,),X(CH,),NH,
(X =8, 0.NCH.,) in a 2:1 molar ratio. and in the presence
of La(NO, )+ 6H,0 as templating agent and of NaOH. gives
rise 10 the corresponding dinuclear complexes La.(Xle)-
(Br),(NO)(OH) «4H,0.  Lay(XId) (Br) »(NO)(OH) -
H,0 and La,y(X1e)( Br),(NOQ.) s+ 4H,0. In these complexes
#(C=N) lies at 16241634 cm ' while two bands at about
1456-1436 and 1320~1313 ¢m ' contirm the presence of
nitrate ions. possibly acting as bidentate.

By a similar synthetic procedure the template reaction H-
B and H-N(CH,)O(CH1),O(CH;) ,NH,. in the presence of
La(NO,);+6H,0 and NaOH. gives rise only to the dinuclear
complex  Las(XIh)+ (Br)(NO)«(OH);+H.O. r(C=N)
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lies at 1632 cm ! while the nitrate group, possibly as biden-
tte. is evidenced by the peaks at 1456 and 1313 em 't a
strong peak at 3421 cm "' is attributed to »(OH). The mother
liquors of all the prepared complexes deposit. on standing.
the corresponding mononuclear complexes. Also for these
complexes their formulation was proposed on the basis of
clemental analyses. including oxygen and. where present.
sultur. and the bromine:lanthanum ratio was estimated by
SEM und EDX investigations.

H-XH reacts with copper( 1) acetate to form a mixture of
the dinuclear Cuy( XIDH(CH,COO)( Br), and of the mono-
nuclear copper{ Il complexes Cu( XD (Br). They can be
sepurated owing to their different solubility in alcoholic solu-
tion. The reduced magnetic moment for the dinuclear com-
plex (g = 1.4 BM) shows an antiferromagnetic interaction
between the copper ions. The IR spectrum shows a strong
peuk at 1652 cm ' (1648 cm ' in the free ligands) due to
reC=N) und two peaks at 1576 (v,,,,(COO0)) and 1447
{1, COO0Y) em * due o the acctate groups.

4. Conclusions

A synthetic strategy was suceesstully proposed for ihe
preparation of functionalized macrocyclic and macroacyclic
planar or tridimensional Schift bases and related complexes
10 be used for selective recognition of neutral and/or charged
molecules, These syntheses involve the preventive prepara-
tion of the ueyelic compounds which must be engaged in
further condensation reactions, The ucyclic compounds con-
tutn formyl groups when prepared in CH.OCN but um into
the corresponding diseetals when methunol is used. The yickd
of the tinal functionalized compounds is generally low owing
to the contemporary formution of symmetric eyclic species,
obtained as side products, Preliminary studies on adeep com-
prehension of the recognition phenomena seem promising.
In partivular the acyelic uranyl( VI complexes derived from
Hy=VIL HpVIlE and HeX undergo a substitution reaction
ol the type:

48 e a‘“S' +8
C"D

§'-Me,S0, Ph.PO, HPO, wee. 8= 1,0, MeOH, NO,, €L
showing that it is possible 10 design urz mvl( VI systemsezith
enhanced selectivity toward well delined species, Morcover
the complexes containing d- or f-metal fons can recognize a
second metal jon or salt {ie. Na® or NaNO,). through a
complexation reaction of the type:

Ko +M —

thus acting as molecular devices for these species.

Finally a particular mention must be devoted to the lantha-
nide( D) complexes Gd(I) and La(II). The former com-
plex may be considered a useful model in the preparation of
contrasting agents in NMR tomography: the latter complex
owing to its functionalization may be seen as a model for the
design and synthesis of shift NMR reagents for the quanti-
tative determination of sodium or potassium ions and salts,
Also the podand ligand Hy=VIand the related lanthanide¢ 1)
complexes are promising systems capable of muliiple selec-
tive recognition processes. The development of these syn-
thetic strategies involves (i) further functionalization at the
periphery of the systems, which includes hydrophilic or
hydrophobic groups 1o enhance their solubility in particular
solveats and (ii) the reduction of the less stable iminic groups
CH=N 10 the more stable aminic analogues CH-NH. With
regard to item (i) we have undertaken an investigation using
calixarenes, bearing aminic or formyl groups, as precursors
forthe synthesis of systems of higher complexity | 25]. Plunar
and tridimensional ligands and related d- and f~complexes
have already been prepared and characterized | 6], They seem
0 he very promising in selective recognition and separation
processes and in the preparation of molecular devices,

8. Supplementury materiul

Atomic coordinates, bond distunces and angles, und ther-
mal parameters have been deposited at the Cambridge Crys-
tallographic Data Centre,
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