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Abstract 

The ~ot~d~~4ot~ r~ttctiatl in ncetonitrile rd. I.h-dili~rn~~I-J-cl~ltrropl~~nol with Iris-I $-illllillth!Itly~ )i1nkc liwnih the 1 3 -t I 1 111acroncydi~ 
SchitT host H.1.I which rcitcts with LnCl i .rtH# ( IA= 1.a’ , Dy’ . GJ’ ) iii llw prc‘wncr of NEI, giving rie lo Lnt I ) *r/S I S = HJI. hf. 
CH,CN:r,=O-1.5). 

Crystulh 0I’ L.Uf 1) t ddl. pwtl fron ii iiitl1clll~Ili~rtllatllidcla~~l~~t1ilrilc solulioti. arc’ 111onoclit1is. hp3cc group PI!, If. will1 (1 = II.W!( 4 t. 
h= l-1.277(5). I’=‘ 10.710(.5) A.~=os.4s’;llltl%= 2. ‘rl1ih crmpl~s is i1 tlhnrric unlit) untl \ho\vs un itwmicm CCIIIC‘I’ in hcl\rwtt thrb IUO 
lt1nIht1nulnr Ill b iwb. Thr: crgunic ligml coorrlillt1Iw 11) (111~ It111Ihttt111~~~ iot1 through the four tritropen 4 111~ thtw phc;l1kJe ox> gcn itIotll> 

while il links ILL’ scc1d IWht1nt1W io11 through 1~1~’ ;1ltkh~di~ okypcn i1I(\t1I: the othw I\VO t1ldrthydic oxyg~s t1rc IWI itnohcd in 111~ 
ccardinatioa i\nd do not lbtw sig1tilicaGvc i11kwclio11s with ncighhori11g molcsul~r. ‘l%11* ci1ch dinudc;u COlllpk\ hChtI\ ~‘4 tI\ ittl is1h.!tl 
clitily. TIW lll~llil~o11~lilluli1~ll ilrO1llld WCh IllkUl iw is rWA!d rliroiigl~ lllc ilddili1Ulill c01Wdillillil~ll ol’lllr Ouygctl il11blll da ili1iictliyll’c~rtii;1~i~itl~ 
IWICCUIC. The lhrcr I.;I-N I imisk 1 hid distanws I’;111 hc~uccn 2.70 ittld 2.70 A. \vhiIc 111~ La--N ( ;1nlinir ) I~OIKI is lcmgcr I 2.M A 1. Sitnlhrly 
IllC IA-0 ( plhwlic ) h1)llds ilis~1111w4 ilt’c’ in IllC I’illlg 2.41 -2.47 A. ~(~t1kl~dly uhortcr Ihan the Lt1-0 t ;1ldchydic ) u hkh is 2.72 A. uhil~ 
lho Le-0 ( tlillWlllyIliWtlli1lllitlc 1 ih 2.55 A. I’iltillly IllS IWO Iiltlllliltllllll illl~lllh iltV X,24 A illW1. 

~.h-l~ili1rinyl-~-chlor1~l~l1~11ol rc’t1cb in (‘Ii ,C’N with H lN -IZ -NI I 1 IO pi\ L’ 111~ 1 1 -t I 1 ;U~CliC Sdltll’ hit%\ l=1241. l’lW wrrqtwdit1g 
C~IIII~~CUC\ amlui11i11g t1 tl I riukd( II ) Nil II b. or 11tt111pi1tItiuc( III ) Mt1( II I ( (iI1 1. tttt I’ ( It11IIht111tl1t III t. gttd~dtttitttt\t III I. d~~prw+imt III t t 
I.II( 14~41 I ( NO, I , OI’IIIL’ ts’ttnyl( VI I iot1. UC ):I II ) ( McOH ). ItO,( H-II I ( NO, I WI l!Od Ii241 I I NO, 1: httvc LIIMI lwtt lwqxtrcld 1’~ tcttcticbtt 
01 Ilkw liytiirtl\ \vlIh lhr nl~ltrqwitiIc inrlal hdl\ or Iry Ictvplulc lwck~durc. tltc Jilltrcitl wtWt1l ol’ lhc Illll‘illC tit Ills, iiriaiyl r VI ) CcWplc’\~~~ 
tlrp~11rliir~ 011 IIre 11t111wl 111’ Iroe LIWI. ‘I’ltcw cotltpb.r~ illiiy lw cotwrlciI inlo Ihc ttwltti ttti;tl~~yur~ iii ;tkuholib’ sdtttiotl, 

Thu ligands ;ad lhr cr~mpl~xes have hw11 dl;1r;1c1cri/d hq pl~y~iuo-ch~tllic~1l n~~;1mm~c’ttt~. ~hpkdly h> IIZ t1nd NMR qxclrwoP!~ SiiM 
illld EDX inveslipatioll. iltld FAB tllilhS spcclromclry. ‘$7 IO98 Elszvicr Skncs S.A. All right\ rwwctl. 
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&phi&ma macrocyclic or mucroacylic systems, con- 
taining (in UppropriUte set of donor atoms and/or a suitable 
struct~ral configuration, are capable of selective recognition 
ofchar@ or neutral mokcules: new chemical pmcesses and 
technologies, based on this concept, are available and are 
d~ady applied in the fields of activation and catalysis proc- 
esse%. &ctive separation. mokccular materials. microelec- 
tronics .sensocs, etc. 17 1. 

As an extension of these concepts compartmental ligands 
have been prepat& with the idea that compkxation 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 orgwizalian. Thew 
liyn& contain IWO similar or dissimilar compartments in 
close proximity and can selectively recognize two identical 
or different charged or neutral molecules (generally metal 
ions) which may mutually interact giving rise to novel and 
unusrral devices j6.8 1. 

In the development of the kynthetic stmtegy of these sys- 
tcms an important role is played hy the Schiff basesowing to 
their relatively easy preparation. through the well known 
condenslltion reaction of formyl or calbony derivatives with 
a primary amine. and their versutility in metal cwmplexation. 
To this aim suitable keto and/or amine precursors have been 
pwpred: they can give gi,se to we$delincti macrocyclic or 
maccmucyclic Suhiff ba.ses in good yield. Acyclic or sym- 
metric cyclic compounds air! quite often produced by onc- 
http multiple condensation rcttction. When the direct 
condensation reaction is unsUccessfUl, template synthesis is 
u-se& the presence of metal ion is often cssentiul in determin- 
ing the ateric course of the reaction ~1.46,H 1, 

In the nzcent past mucrocyrlic, mUcmbicyclic and macro- 
Ucyclic wmpurtmsntcrl fkhiff bws hrrve been prepared in 
nn~+=skp mUhiplc cnndensution rcUctions of the above-men- 
tion& formy nr kelo Und amine precursors 1 IO 1, The 
in~sertkn of tldditional donor atoms (S. B, 0. N) into the 
coordin&n moiety of these systems cun be tuned, in order 
lo make them suitubk Und selective for prticulur ions. cspe- 
ciUt!y ttzutsition metal ions, Moreover emphasis was placed 
on lipands incorpomling oxygen donor utoms. such Us crown 
ethers. which ure considered good lipands for non-transition 
metal ions. CspeciU~ly ulkaline or ulkalinec-curth iorrs IX. 101, 

‘l%e fUsiC~ of the SchitT husc Und crown-ether proper&s 
into U unique entity cun give rise to polynucledtinp IigUnds 

with different coordination chambers in close proximity. 
These systems can incorporAte suitidble d- or f-metal ions into 
the Schiff base sites and non-transition ions, anionsororganic 
substrates into the crown-ether sites I I I 1. 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 mutual interaction through the ligand of the 
two species contemporary recognized can be applied to the 
development of molecular devices. To this end we have 
recently prepared a series of Schiff bases containing crown 
ether by condensation of the appropriate formyl or diformyl 
precursors with 4-aminobcnzo- I S-crown-5 2=aminomcthyl- 
6cmwn-5 and the r\nalo.gous amincs containing I?-crown-4 
or Ikrown-6 and tested their recognition properties towards 
transition metal ions 1 I3 1, It was found that they may give 
rise to well delined mononuclear or hctem-polynuclci\r COIW 
plexcs: moreover, under particular experimental collditions. 
they are interesting ‘carriers’ for the selective elecu‘oassisted 
sepamtion of spccitic metal ions I 13 I. 

In the present work we have applied a similar synthetic 
strategy and we have prepared the functionalized acyclic 
compartmental ligands of Scheme I and/or related com- 
plexes containing d- or f-metal ions. 

lip% H43 WC 

le o&r to obtuin these compounds we httd IO synthesize 
the UppropriUte formyl, diformyl tend triformyl prccur~w~ or 
hy litemture procedure I 14, IS I ( Ha-A, H-B and H-C) or hy 
condensution ofl.6.difortnyl-rl-chl~~N~phcnbl with theappro- 
priate polyamine ( H3-l and Hz-H ). The subsequent reaction 
of these acyclic ligunds with the uppropritttc primary mono- 
or di-Umines. bcuring additionUl donor groups (i.e. ethers. 
cmwn ethers. polyilmincs and polyoxyamines 1, gives rise IQ 
the functinnalked macroacyclic systems ( Ha-III~~~H,-XI 1. 
The prepared ligunds und related complexes huve been chur- 
Uctcrkcd by IR or NMR spcc~roscopy, by mass spcctrometry 
t FAB or El 1 and hy electron microscopy t SEM and EUX 1. 
For the complex Luf I )(dmf). where H.,-I is the ligand 
derived lemtn the condensation of 26diformyl-khlorn- 
phenol and kis-( 2-aminocthyl kmrinc. un X-ray investigation 
WS UISO carried WI and it pRlinliniiry ilccollnt of lhc slruoturc 
bus dreitdy been published I I6 I. 

The salts. the solvents Und the reagents wcrc commercial 
products ( Aldrich 1. used without further puritication. 2.6 
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Scllclllr I. 

Dilbrtilyl-4-chlorophenol. his 1 ( 4-chlor~~-6-Ihr~nyIphenol I- 
ylmcthyl Ipiperazine (Hz-A ). 4-hromo-l-l &( dimcthyl- 
uminoethyl )methylnminn 1 -tnethyl-6-lbr~nylpl~e~~~~l ( H-B ) 
and 4-bromo-2- I2-( mcthylominodiethyl )amina] -mcthyl-A- 
formylphenol ( H-C 1 were prepared according to literature 
methods I I4 I: their purity was checked hy clrmcntul :mal- 

)WS. IR und NMR date. The itcyclic lip;lnds Hz=ll~-.*HyIl~ 
and Hz-III. the symmetric cyclic ligclnds HI-IX. und relnted 
coppert II 1. urnnyl( VI 1 und lanthanum( Ill) complexes were 
idSO prepured und purilied according to the literature 1 IS I. 

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

To un ucetonitrile solutiorf ( SO ml) of 2.6-diformyl-4- 
chlorophenol ( 3 mmol 1. gently warmed. tris( 2-ammino- 
cthylkunine ( I mmol) in ;rcetonitrile (SO ml) was added 
dropwise. The orange solution was rcfluxed for 2.5 h. then 
ull(lwed to stund for I h. The clranpe-red precipitate was 
collected by liltration. wnshed with acctonitrile and dried in 
v;Icuo. 

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 vucuo. 





( Hz-IIh 1 and stirred until a yellow solid was formed. This 
WIS filtered off, wushed rcspcctively with chlon9lkn or di- 
ethyl ether and dried in vacua. 

An acetonitrile solution ( 50 ml ) of 2.6-ditbnnyl-l-chlo- 
rophenol (3 mmol 1 WIQS reacted with tris( Z-aminoethyl- 
iuninc I ( I mmol) in acctonitrilc. To the resulting orange 
solution LnCl I ??8HzO ( I mmol ) in acetonitrilc/dimethylfor- 
mimklc ( 30 ml ) itld Iricthylnminc ( 3 mmol ) in acctonitrilc 
( 30 ml ) were added. The solution was retluxed for 1 h. The 
yellow precipitate obtained was filtered OK washed with 
uccIonitrilc and dried in vacua. 

Rccrysti1lli~i1til9~~ lium aI1 i~c~~~oni~ril~/dilllctl~ylIhnniunidc 
wltttion gil\‘C crystals of IA( 1) ( dml’). wibhlc Ihr al1 X-ray 
inveslipalion. 

To the ycllo~ accIoniIrilc sohnion ( SO ml ) ol’ 2.bdilbr- 
my I-J-chlomphcnol t 1 mm01 ). Ihc appropriate polyaminc 
( I mm01 1 in accIoniIrilc ( 20 ml ) wits iddcd dropwisc. The 
resulting dill4 yclllW s,oluIion .I Wih rCiWXl wilh 
l.uI NOt 1 1 •(9l-l&~ ( I mmol 1 in :rcctoniIrilc ( 20 ml I. The 
solution \vns relluscd for .1 h. then ;~llo\vctl IO sId for 3 h. 
The prccipiIutc wus IilIcrcd oII: wnshcd wiIh accIoniIrilc and 
Jricd in vncuo. 

For 1.~ H2-Ill: l l NO, I %. tllC ilCClOllillGlc! solulion Wilh 

cv;Il9orWcI lo dryness illIll lhc rc4duc IrWcd will1 Cl-ICI ,. 
The er;\ng+rcd prccil9iIi1Ic wiIs c~~llcc~cd hy IilIraIion. 
\c~hctl wi!h C’HCI , iintl tlricd iii ~I~~II~I, 

I~Ilrylc~~ctliuminc ( I mmol 1 in ecclonilrilc t IO ml ) \\‘ilh 
ciddcd lo II warn1 Cl I ,C’N soltilioa (50 ml ) 01’ Z!.~9=dili~rmyl- 
-I-clrlorophciit,I ( 2 mmcrl ). To Ihc rcsulliny yellow holulion 
IhL’ uI)l9IY9priiIIc IWill ilcclillc I I nlmrll ) ia di~~~clllylli~l~l~~irt~- 
idc ( IO ml 1 ( Ibr nicLcl( II ) or lllLlll~illlCSl2~ II ) ) or in iICl!llm- 
ilrilc ( IO ml ) ( Ibr urimyl( VI ) ) Wits added. The strluIion wns 
rclluxcd Ibr 2 h, ~hcn iIllo\vcd IO sIi1nd lhr 3 h. The l9rccipiI;ltc 
was collcctcd hy li IIraIion. washed with i\cctoniIrilc and dried 
in vacua. 

For lhc l9rcpi1r;Wl ol’ Ihc ur;mylI VI I c0ml9lcx I JO,- 
I NO, ) 2 *hl=lJJ or 11OJ’I~ m ~IIJ~C) CiIn nlslr IW usCd: morcovcl 
two c+dv;dcnIs ol’ hnx ( i.c. LiOH or NM 1 ) m11sI hc used. 
13y il similar proccdurc hul employing only Ollc c~lllivillcnl 
~IKI lJO,I NO,)? ??hCI,O the urunyl COIII~ICX lK),( H- 
Iltr)( NO&), bus hccn synthcskcd: when no bnsc ih used. 
11(&t HJlrt ) ( NO 1) 2 IlWy be rccovmd. 

X.ti. Pnprr~crriotr r~l’iJO~~ll’a)(Md~W) 
A mcthanolic solution ( IO ml ) d IIIC urimyl siIII 

lJO,X~*/rHIO (X=CH,COO . NO, . Cl : II=?-6) (I 
mmol ) WiIs ~dtld IO iI mcthanolic solution (SO ml 1 01’ 9.6 

dilkrmyl-4chlorophenol ( 2 mmol ). To the resulting red 
SOhlliOll il melhimolic solution ( 30 ml ) of LiOH ( 2 mmol) 
and elhylenedinmine ( I mnlol 1 were added in succession. 
The r4 solution was refluxed for 4 h. then allowed to stand 
ovcmipht. The orange-red precipitate obtained was filtered 

off. washed with methanol and dried in vacua. 

When 1 mmol of LiOH is used and UO$ NO;)_..6Hz0 
is the starting salt. 1 UO?( II-II’s) ( CH30H ) ] ( NO, ) is 
obtained. when no base is employed. the final product is 
lJOJ( Hz-li’a) ( NO, ):. The mother liquor separates theaddi- 
tional acetal-formyl complex UO,( H-II%) ( NO, j. 

2.3. I. Pwpmttiott t$H.,-IV crrrrl H,,-V 
To i\ mcIhanolic solution ( SO ml ) of 3-methoxy-7-llydr- 

oxyhcnzaldchydc or Scthoxy- 2-hydroxybenzaldchyde ( 3 
IIII~IOI ). lris( I-aminoethyl jaminc ( I mmol ) in mcthnnol ( 30 
ml 1 \ViIh added dropwisc. The resulting yellow solution was 
rclluxcd for 2 h. allowed to sIand for I h. then filtcrcd. The 
4ulion ww c\.al9or;lIctl to drync\s under reduced pressure. 
For H,-IV Ihc yellow oil obtained bccamc a yellow solid on 
standing ovcrnipht. It Was IrcaIcd with a mcthanol/dicthyl 
clhcr solulion. lillcrcd oil’ and dried in vacua. For H3-V ths 
yellow oil ohtaincd wah Washed with pctrolcum cthcr t it k 
\cM9lc in all lhc common organic solvcnIs) and dried in 
ViIClIO. 

An ~Il9;~~~ol/tli~~lcIhylli~r~~~a~~litlc 5oluIion ( 9Oml I OI’IAIC I I 
( I 11111101 1 Wilh I’c’iICIL~l~ willi 2= ( ;ui~iiii~iiiclhyl )-I krc~wn-4 
( .1 llllll~~l ) in ClhallOl ( 30 IllI 1, TllC 4IrIioii Wilh IVflllWtl liW 
4 II, The lrccipiI;lIc wu\ climinerrd l9y liltrntion and the sob 
tion wns ~~v;~por’n~cd IO drynchh under rcducrd prc+sorc. The 
rcsiduc wilh tli~~olvctl in chloroli)rm i1ntl I)rccipiI;lIcd with 
diclhyl clhcr. The prccipitatc \vi\s lillcrcd off. wahhcd wilh 
chlorolijrm i\nd dried in \‘iICuo+ 

;\minc ( I mmol ) WAS uddcd 10 .3-ll9cIhoxy-2-hydroxyhcnit.;rl- 
dchydc or 3-cIhl1xy-2-hydrc9xyl9c~~~i1ldchydr ( 3 mmol J in 
~~lcIhi1nl9l ( 50 ml ), To the resulting ycll~w \olulion 
l,nCl,~9H,O or I.II( NO1 1 1 ~6H10 ( I rnmol) and NaOH (3 
mmol ) in mcIhan19I ( SO mI ) wcrc iddcd in succession. The 
solution wns sIirrcd at room tcmpcrumre for I h and under 
rcllux lbr I II. I~CII evaporated IO dryness under rcduccd 
l9rcssurc. The rchiduc was dissolved in CHCI 1 and Ihc solulion 
clarilicd by jiltr:l(ioll. The rcsulrinp solution WiIs cvaporatcd 
I(1 dryness and the rcsiduc was washed with dicthyl eihcrand 

dried in vacua. 



To a yellow methanolic solution ( 50 ml ) containing tris( 2- 
arninoethyl)amine ( I mmol) and 3-methoxy-2-hydroxyben- 
zaldehyde or 3-ethoxy-2-hydroxybenzaldehyde ( 3 mmol ) . 
LnC13*7HOorLn( N03)3*6H20 ( I mmol) inmethanol (50 
ml) W&F added dropwise. The solution was stirred for I h and 
&~xed for 1 h, then reduced in volume. The precipitate 
obtaj& by addition of diethyl ether was collected by fiitn- 
tion. washed with chloroform and diethyl ether and dried in 
VBCUQ. 

A methanolic solution (30 ml) of tris(2-aminocthyl)- 
amine (Q.33 mmol) was added dropwise to the solution 
obtained by addition of Na0H (3 mmol) to a methanolic 
suspension (Xl ml) of H-Bm2HBr ( I mmol): then 
LaC12~7H,0 (0.33 mmol) wasaddedand the yellow solution 
was refluxed for 5 h. The solution obtained was clarified by 
filtration and evaporated 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 vacua. 

2.4, I. Pwpwcrrio~~ qfHpVll# Of = 4) 
An acolonitrile solution ( IO ml) of ?-uminocthyl- I?= 

crown4 ( 3 mmol) was dki 10 u yellow ttcetoniWile snlu- 
tion ( JO ml) of &llb ( I mmol 1. The solution wus rctluxetl 
for 3 h, tkn evap~~ted to dryness. The residue, treated with 
dicthyl ether, sirparated an oil, The solution wus cliainutrd 
and tk ull ~8s wash& thw limes with dicthyl ether and 
d&d in vttcuo, 

?.d,Z* PqXWfrion r#Y&vllk 0, = 4) 
A chlaroform solution (50 ml ) of the acyclic lipand Ha- 

11b ( I mmoll was rewted with an excess of 2-aminomcthyl- 
KkmWn-il(3 mmol). m sulutisn was ~fluxed t’or4 h then 

in Vdume. By addition of un ethunol/dicthyl cthcr 
a brown precipitate was obktined. It was collcctcd 

by filtmtion. wttshed with diethyl ether and dried in vacua. 

24>3. P~CJWW~~W r#‘H~WlR* H,O 
0.5 tmol of 1-f uminomcthyl )- l?Lcmwn-5 in methanol 

f 30 RI1 1 WQS added to tl slirred solution of &-A ( 0.25 mmol ) 
in mehnd (50 ml h The yellow solution was rctluxed fur 
6 h. tksn Wtporatld b dryness under t+educe~I ~IWXIIC The 
dark PIlow oif obtained was treutcd with diethyl ether. The 

Weblf cktrifid by filtration. slirred and slowly cvap 
. The PIIOW solid obtained was filter& washed with 

dkthyl ether and dried in vacua. 

2.4.4. Prqmvatiort qf M(VIIaj (M = Ni-‘+. Mti’ ) (II= 4) 
A dimethylformamide solution ( 30 ml ) of the acycliccom- 

plex M( Ha) ( I mmol) was reacted under reflux ( 3 h 1 with 
2-(aminomethyl)-l2-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 filtenzd off, washed with diethyl 
ether and dried in vacua. 

2.4.5. Ptx~paraticm of UCh(Vlfa)fH@) (II= 5) 
To a chloroform or acetonitrile solution (SO ml ) of 

UO,(Ha)(H,O) or of UO,(Il’a)(McOH) (1 mmol), a 
chloroform solution ( 20 ml ) of2-( aminamcthyl )- IS-crown- 
5 ( 2 mmol ) was added. The solution was rcfluxrd for 3 h 
then evaporc\tcd to dryness under reduced pressure. The rcs- 
idue was dissolved in methanol and claritied hy tiltration. The 
addition of diethyl ether gave rise to an orange precipitate. It 
was Wered off. washed with diethyl ether and dried in vacua. 

The appropriate acyclic lanthanum camplcx ( La( Hz= 
I~c)(NO~)~. La(H~~lld)(NO~)~orLu~H~-IIh)(NO,),~ (I 
mmol ) in dirncthyll’ormamidc ( 30 ml 1 was rCWA with 2- 
aminomethyl- I Z-crown-4 ( or 2-aminomcthyl- IS-crown-5 1 
( 2 mmol). The resulting solution was rctluxcd Ib 1 h, rhcn 
cvaporarcd to dryness under rcduccd prcssurc. The rcsiduc. 
trcukd with chlarol’orm. lirrmcd R prccipiratc lirr l,a( PI,- 
WC) ( NO, ) q or :I s&uiolr lirr I+a( Ha-Vlltl I ( NO 1) , or 
I,u( I=&=Vllh )( NO,) ,, The prccipikire WIIY llhercd rrT1: 
washed with chlorolirrm und dried in vacua. The solution. 
clarilied by filtration. scparatcd a prccipiruk hy addition 01’ 
dicthyl ether for Lu( HrVtld) ( NO\ ) q or 01’ dicthyl cthcr/ 
cthunol for La{ Hz-VIh )( NO,) ,. The prccipitatc was liltcred 
off, washed with diethyl ether ;lnd dried in vacua. The com- 
plcxcs La{ Hz-VIIh) ( NQ2) I and Lu( Ha-VIIh ) ( NO\ ).% may 
bc obtained by rcacclion sf the prcl’ormcd ligands HrVllb 
and Hz~VIIh with In( NO,) l* MIJI in a I : I mular ratio. 

To Ha-VIII* HJI ( 0.08 mmol ) in methanol ( IO0 ml ). 
Na0H t 0. I8 mmnl ) id UO:( NO, ) 2 ??6H10 ( O.OH mmol ) 

wwc added in succession. The solution was rctluxcd for 6 h. 
then cvaporatcd tn dryness under reduced prcssurc. The rcs- 
iduc was treated with chlamform, the pwcipitutc was climi- 
nated by Hltrition and the orange soluW was partially 
evaporated under reduced pressure. The orange precipitate 
obtained by addition of dicthyl ether was filtcrcd. washed 
with diethyl ether and dried in vacua. 



2.5.1. Prqxtrutiorr of H2-XIa ??-IHBr-2.5MeOH 
A methanolic solution ( 30 ml) of ethylenedinmine ( 0.6 

mmol) wus udded dropwise to u 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 dirthyl ether and dried in vacua. 

2.5.2. Preprtrrrrir~tt of H-XII ??2HBr- O.SH,O ??0.5MeOH 
A mcthanolic solution (30 ml) of ethylenediamine ( I 

mmol) wus added dropwisc to a stirred suspension of H- 
B* 1HBr ( I mmol ) in nlcthanol(50 ml ). The suspension was 
rctluxed 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 vacua. 

To a mcthauol solution ( 50 ml ) of H-C ( 1 mmol ), ethy- 
lcnediaminc ( I mmol) and U0,(CH3COO),*2Hz0 ( I 
mmol 1 in methanol (SO ml ) wcrc added. The orange-red 
solution was stirred for IS min under rcllux; then LiOH ( 2 
mmol 1 was added and the solution maintained under rcflux 
for 9.5 h. then allowed to stand overnight. The orange-red 
solid ohtaincd was collcctcd by liltration. washed with mcth- 
anal and dried in vacua. 

2.SMeOH ( 0. I15 nnnol ), MI cxccss of NaOH ( I ~nmol ) and 
UO1( NO, )~*6H# (0 I15 mmol 1 wcrc added in succcssiotr, 
The orange solution was rctluxcd for S h, then tiltcrcd and 
cvuporutcd to dryness under rcduccd prcssurc. The rcsiduc 
was trcatcd with chloroform; the solid obtained was climi- 
nuted by filtration while the orunpc solution was slowly 
rcduecd to a small volu~nr. The precipitate was climinatcd 
by filtration and the solution was treated with &ethyl ether. 
The solid was tillcrcd off and the solution was slowly evap- 
orated to give an orange residue. It was washed with diethyl 
ether and dried in vacua. 

2.5.5. Prqwwic~rr rff’ Nu,(Xla)* MeOH* ZCHCI,, 
To a yellow mcthanolic solution ( 50 ml) of H=B*ZHHr 

( 2 mmol ) and NaOH (6 mmol I, a methanolic solution ( 30 
ml) ofethylcncdiantinc ( I mmol) wus added dropwisc. This 
resulting solution was rcfluxed for6 h. then filtered and cvap- 
orated to dryness under reduced pressure. The residue Was 
trcuted with chloroform, the solid was clintinated and the 
solution was pattially cvaporatcd under rcduccd prcssurc. 
The yellow precipitate obtained by addition of dicthyl ether 
was tiltercd. washed with diethyl ether and dried in vacua. 

2.5.6. Prqwrcrtic~tt of Ctr( Xia) ??HBr- H2# ??MeOH 
To a methnnolic solution (50 ml ) of&Ba2HBr ( 2 mm01 ) 

and NaOH (6 mmol), ethylenediamine ( 1 mmol) and 
Cu(CHCOO)~*HP ( I 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 
was evaporated to dryness under reduced pressure to give a 
green solid which was dried in vacua. 

2.5.7. Prqxarcrtic~n of Cu,tXIa)CCH,COO)(OH). HBr 
A methanolic solution (30 ml) of ethylenediamine ( I 

mmol ) was added dropwise to a methanolic suspension (50 
ml) of H-B*ZHBr (2 mmol) and NaOH (6 mmol); then 
Cu ( CH.%COO )r 1 ??Hz0 ( 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 tiltration and the solution 
was evaporated to dryness under reduced pressure to give a 
green solid which was dried in vacua. 

To a stirred methanolic suspension ( 50 ml) of H-B*2HBr 
( 2 mmol). a methanolic solution ( 30 ml) ofcthylenediamine 
( I mmol ). NaOH (6 mmol) and Ni(CHYC00)1*4Hz0 ( I 
mmol) were added in succession. The clear orangc solution 
obtained was retluxed for 5 h. then cvaporatcd to dryness 
under reduced pressure. The dark orange solid obtained was 
trcatcd with chloroform. The residue was eliminutcd by lil- 
tratiotr and the solution wus cvaporatcd 10 dryness under 
reduced prcssurc. The brown holid obtuincd was dried in 
ViICUO. 

To il mcthunntic solution ( SO ml ) of H=B * 2HBr ( 2 mmal ) 
and NaOH ( 6 mmol ), diethylanetriuminc ( I mmul 1 in meth= 
anol (30 ml) and Lu( NO,) r*6H&I ( I mmol) were added 
dropwise. The yellow solution obtained wus relluxcd for 6 h, 
then it was evaporated to dryness under rcduccd pressure and 
thu rcsiduc was (mated with chloroform. The solid obtained 
was eliminated by filtration and the solution, partially rcduccd 
in volume, was treated with dicthyl ether. The obtained prc- 
cipitate was tiltcrcd, washed with dicthyl ether and treated 
with a chloroform/dicthyI ether solution ( I :a 1 I The obtained 
precipitate was tiltcrcd, washed with diethyl ether and dried 
in vacua. 

Bis-3-aminoethyl-sultide ( I mmol ) in methanol ( 30 Iii 1 
was ad&d dropwise to a methanolic solulion ( SO ml ) Of H- 
B 0 2HBr ( 2 mmol ) and NaOH (6.5 mmol 1. The resulting 
solution, after the addition of La( NO? )J*6H:0 ( I mmol). 

WBS rcfuxed for 5 h. then evaporated lo dryness under 
reduced prcssure. The residue was treated with chloroform 
and the chloroformic solution was partially evaporated under 



r&t& p~sxu~. The solid obtained by addition of diethyl 
ether ~0s filtered. washtxi with diethyl ether. dissolved in 
chloroform and treated again with diethyl ether until incipient 
precipitation, then allowed to stund for 2 h. The yellow SOIU- 
tion w;1s puriticd by tiltntion. eva~mted to dryness under 
r&u& pressure and the solid obtained was dried in vucuo. 

2.5. I I. Pwpuru~ir~t~ of La_tlXllrnBr)(NO.~)(OH)1. Hz0 
To a methanolic solution ( 50 ml ) otlMb 2HBr t 2 mmol 1 

and NaOH (6 mmol). I .8-diamino-3.6-dioxaoctune ( I 
mmol) in methanol ( 30 ml 1 and Lu( NO? I;-6H,O ( I mtnol 1 
wclzf a&&J. The yellow solution obtaincti was relluxcd for 6 
h. then clarilied by filtration and evaporated to dryness under 
reduced pressure. The yellow solid was treated with chloro- 
t’orm. the prccipitntc was eliminated by tiltrirtion und the 
Solution treated with dicthyl ether. The precipiW obtained 
was liltered. washed with diethyl ether. tluated with chloro- 
form ( IO ml ) and precipitated with diethyl ether. The solid 
wus liltercd, washed with diahyl cthcr und dried in vacua. 

To u methanolic solution { SO ml 1 of H-B*2HBr ( 2 mmol 1 
and N&H ( A mmol 1, I ,5-diamino-3.oxapentane ( I mmol ) 
in methanol ( 30 ml 1 wa added dropwise. The yellow solu- 
tion obtained by the subsequent uddition ol’La( NO,) J ??6W20 
( I mmol) wus relluxed tbr 5 h, then allowed to stand Ibr 1 
h, The precipitated was eliminated by tiltration, The solution 
was rvuporatrd to dryness under ntiuced pressure and the 
residue obtuincd was treuted with chlorolimll, The solution 
WUI clurilied by tiltration und paniully evuporated under 
reduced pressure, The pmcipiteto okuined by addition OI 
dirthyl ether WWL Iilk&, withhe% with &ethyl ether, di+ 
solved in ehlomt’orm ( IO ml) and treated with diethyl ether 
1 JO INI ) a The solution wus lilted and thr solid okrainrd by 
filttulion was wushLa_J with diurhyl ether und drkrl in v:~uo, 

htu wcp6 collcwted on a Philips PW I IO0 automatic dil’- 
fkuctometer ( FEE30 System 1. using Mo Kcu rudiution 

0.7 107 a 1 and Clfkan method. Cell dimensions we& 
determined by least-squares relinement of 15 medium ungle 
scttinps, Thecrysluls were stublc under irradiation, The strut- 
IUPI: was solved by Patterson und Fourier methods ultcrnuted 
with cyelus of Icust-squures ntinemcnt 01’ the ut*mic par+ 
mWrs. 811 hydrogen atoms were introduced to calculated 
positions with fixed isuttvpk t~p~uture fuctorh ( U,,,, = O.QX 
A’)$ ~kWopy Wus itm&ICbti kit all non-hydrogen at(itIls. 
An unulysis of the tinul distribution of \I’( A/:)? did not Sup 
@St uny uppqriute weighting scheme. 

~ystal und intensity dutu and selected bond distunces and 
an&s at’e rqorted in Tub& 2 und 3. All calculations we~c 
car&l out on u OIGITAL ALPHA-AXP 3~looomputcr using 
Pf%t’ams SHBLX-76 and SHELX-86 1 17. II I. S&T UISCI 
Se4an 3, 

IR q~-c~ru we’re rccord~d II\ KNr pellct~ 01’1 il MUII\~II FTIH 
.Iool) hpccltvllk!l~r. ‘I-l uatl ’ ‘C NMH spccinl wet-c rt-cordcd 
ut 2tH1, I.42 MI+ on u Bruler AC200 spectron~eter ecluilrpurl 
with an Aspect 3(RWl COIII~UIC~ LII RJOIII t~ulp~laull’ti. SOI~C 01 
rhe sipnuls were assigned by the spin decoupling technique. 
All the samples examined were dissolved in hot dtnso-d,, or 
CDC’I, used also as internal relkrcnces. The homogeneity 01’ 
the heteropolytluclear sumpIes was checked by using a Philips 
XL40 model scunning electron microscopy equipped with an 
EBAX PVO9 X-ray energy dispersive spectmmeter. Metul 
ratios were determined by energy dispersive X-ray spectrum- 
etry ( EDX I 1 IO 1. The solvent content ( II:<) or MeOH ) WiIs 
evuluated by thermal anulysi~ curves using u NWS& STA 
429 therm(~analyticul equipment. The tests were petformed 
in a nitrogen utmosphera ( llux rule 1.90 ml min I: heating 
rate 5°C min ’ 1 und in uir under the sulnecnnditiolts. Neutml 
ulumina ( Curlo trhu product 1 ww used as refcrcnw mutcriul. 

All muss spectromctric n~easur~\n~ents were perknned on 

;I VG %AH ZF instrument ( VG analyticid Ltd. ) opomting in 
electron impact ( El 1 t 7OeV. #NI mA. ion source temperature 
2tXl”C 1 und I’ast atom bombardment f FAB b ! H KcV Xc i\tom 
bomhurding a thio~lyccrcrl/~lcetic solution ol’ the sum@) 
conditions I 20 I. 

Magnetic suwptibilitics wwc dctwmined hy the Fartidily 
mcthad ttt rwm tcmpcruturc the upparutus ( Oxlbrd Instru- 
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INNIS) being c;Wruted with HgCW NC?4 ) I 12 I 1. Diumag- 
nrlic corrcclions were performed 1 XI, 

3. Results und discussion 

In order to synthesize the I’uncGonalized tridimcnsional 
or planar co~qm~~Is derived from 2.6~diformyl-4chloro- 
phenol. the appropriate formyl precursors H3-I and Hz-II 

hve hecn p~pu~d by ball’ condensation 1 Schcnl~ 2 ) alld/ 
or the related cmnplrxcs by template procedure. 

In piu’ticulitr the condensation reaction in anh>dn>us 
acetonilrile of 3.6-diformyl-l-chlorophenol with I&( 2- 
aminoethyl barnine in a 3: I molar ratio gives rise lo the car- 
responding lridimensionai acyclic l&and withthreeilldehydjc 
functionalities ( Ha-I ). The s&me reaction in methanol affords 
a compound where the aldehydic functionalities have ken 
transformed into the acelal groups ( H,-5’ ). A similarbehav- 
ior was found when 3.6-diformyl-d-chlorophenol WAS 
reacted. under the same experimental conditions. with the 
diamincs H,N-R-NH1 in a 2: I molar ratio: again thediformyl 
compounds Hz-II are obtained in anhydrous acetonitrile and 
the diacetal analogues Hz-H in methanol. It must he noted 
that (he experimental conditions employed in the pxparation 
of the acyclic ligands may favor also the formation. as by- 
products. of the corresponding symmetric macrocyclcs Hz- 
1X (Scheme 2 1. identical to the genuine telraiminc 
macrocycles synthesized by direct self-condensation of the 
appropriate precursors [ 45.7. IO- I2 I. These [ 2 + 2 ] macro- 
cycles are yellow or orange-yellow solids. moderately solu- 
hlr in the common organic solvents. The absence oflR bands 
due IO I)( C=O) or 14 NH21 and the contemporary prescncc 
of strong peaks in rhe rang I645-162Ocni ” ’ due to I)( C=N ) 
conlirm that the cyclic condcnsalion reaction occurs with the 
conscqucnt formation of the tctraminc symmetric macrocy- 
clc. FAl3 or El mass spectromelric investigations contirm 
Ihese dirta evidencing the parent peak at the nppropriarc W/Z 
VillllLL. 

The dill’erent soluhiit y of Ihr acyclic and cyclic ligands ol 
their scparalion by chroma~ogruphy allows pure products lo 
hc ohleincd. The ucy4ic lipends huVP ~CCM churacterizcd by 
IR. NMR and mass spectromctry. Thus the ‘H NMR spectrum 
oI’ k&-l in diiiso-d,, duds no1 cvidciiw lhr prwncr of ;Icclrrl 
~IINI~YS while ih IWk ilI HA.3 PPIII AK 10 the aldehydic lmon~ 
CCb41 iscleurly drtected. Thr Ihrmyl compound showsaddi- 
tional pruks LII X.43 ( Cl=l=N 1. 7.61 and 7.26 ( aromnlic pro- 
11~s I. 3.73 ( Ck4l protons hondcd with the inlinic groups 1 
id 3.02 ( CH2 protons hondcd lo Ihc tcrliary iunino nitrogen 1 
ppm. Moreover the IR spectrum ofH~=l uprees with the NMK 
data showing strong bands at 1671 and 1641 Cl11 I due 
rcspeclivcly 10 u( C-O I and u( C==N ). 

In order 10 overcome the forniation of by-producls and lo 
increase Ihe yield, the acyclic compounds have b~11 ohkwd 
us their complexes by the formyl and mine precursors in lhc 
presence Ofa Sllili~hk melal ion ilS leniplaling agent. Reaction 
01 H3=l with LnCI~*rrHIO (Ln = La’ ’ . Gd’ * . Dy” : I~=P”. 
7. 8) iI1 the presence ol’ NEl,. afforded Ln( I ) yellow solids 
in good yields. The sane complexes were obtained when Ihe 
Ibrmyl and the amine precursors were rcactcd in acctonitrile. 
using the appropriate Whanide( III ) chloride hydrateastern- 
pl;rling ilgellt. When recrystallized from a dimclhyII’orm%ii- 
ide/acelonitriIe solurion. the complexes Ln( I) (dmf) were 
ohlained ( 1.n = La. (id. Y ) , The homogeneity of the samples 
and the correct chlorine:metal 3: I ratio were asceneined ulst) 
by stunning electron microscopy ( SEM 1 and EDX anulyses. 



a 
Schcmc 2. 

The 18 spectrum of the complex Ln( t 1 shows v( C=O) ut 
1M&l658 cm; I ml v(C=N) II~ 101-1632 em ‘: buth 
&~@nns are lower that thase in tl~ fme ligund &=I. 

I# NMWdutu l’or La(I)(dmf): in dmso=d,,, peuksut IO.31 
(s;CH=iO~,8.O8 (s;CH=N),7,YS,7.33 (dd;urom,l,3,71 

complex La( 1) in solution ure consistent with the QCY~U~~XWW 
symmetrical struetun.. In particulur only one sig 
rved for the three uldchyde funetionulities which 

ly shifkd with respect to the position displayed 
gand. Interestingly the uldehyde absorption is 
signals (2: I 1 in the ‘%Z! CPMAS (er-oss polur- 

ization mu& unlgle spinning) NMR spectrum ufuscrlid sum- 
Qk Tows this cbsenution uppars us evidence for the 
cKuu~ofditTe tructu4~ in solution and in solid stutc 

termine the X=+ruy structure of this 

e crystals of Luu( 1) ( dmf 1 were obtuincvi by ~rys- 
~(bn fiwn u di~Ulylfennamide/u~~t~~nitrile solution 

ts Lu( I) ??I .5W2Q. Thiscemplex 
is a dime& entity and am be fomruloted ns ( L;1( 1) (dmf) ] ?. 
“b twhdu Wuctua of [Lu(l)dmf)3 is shown in Fig. I 

~ogathrrr with the doptrd numhrring schcmr. Thr molecule 
ih centmxymmctric rrnd the inversion c~ntcr is bctwucn the 
IWO lunthnnum( Ill ) ions thut UK H.24 J% 44lx441. 

Buch lunthunum ion is niar-~cmrtlinut~d 44nd the ctrordi- 
nution polyhedron ~444 he dcscrihcd 44s 44 squae montwnppcd 
antiprism. One squurc bust comprises four oxygen 441041~ 
three (02,03,05 ) we phcnnlic oxygcns, the lktrth ( Obu) 
is an uldeydic one pnernt~ut. by symmetry, l’rom (06) und 
rcpwscnts the bridge lo the scmnd puti of the malcculc. The 
second squurc base consists of that iminic nitrogens ( N I. 
N3. N4) and one oxygen atom ( 67 1 derived from the COW 
dinutcvl dimcthylformumidc molecule. 

The two muun plnnos al’ the two squurc buses are ulmost 
purullel forming u dihairul ungle of 3.5”. where the muximum 
deviation of the delining utoms is % 0.092 A. The lunthunum 
ion is I .W3 A ubovu the Grst plunc und I. I7 I A below the 
second enc. 

The uminic Nt 1) rrtom is the cap of the polyhedron und 
represents the longest coordinution bond 4 2.867( 3 ) A) LO 
the central ion. The other distances to the metal vary between 
2.4W 3) und 2.547(4) A for the La-0 and bctwccn 
1.6X2( 3) und 2.1(69( 3 I A for the La-N bonds. The C--N 
iminic bond& ut’e well Ioculizcd being comprised between 
l.268(6) and 1278(S) A: the C-O(phenolic) bonds ikE 
identicul (between 1.336(4) und 1.339(4) A): the lice 
C=Otaldehydic) arenlittleshorter(C( I bO( I ).1.217(7): 



C(W)-O(4). 1.219(6) P\) than that involved in the COOT- 
dination to lanthanum ion (C( 30)-0( 6), I .224( 5 ) a). 

The @and. coordinating the lanthanum ion, forms two 
types ofchelating rings; the Hve-membered rings. with N***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 gddolin- 
ium( III ) complex [ Gd( I) ( dmf) ] 2 reveals it is isostructural 
with the lanthanum( III) analogue. Owing to the extremely 
low solubility of the complex in H20 it was impossihlc to 
measure the relaxivity ol’ the paramagnctic complex although 
the extensive broadening of the residual HDO water in DMF 
solution strongly indicates a direct ir,ieraction with the metal 
center. Likely. the twocoordination sitesoccupicd in the solid 
state respectively by a formylic and the amidic oxygcns are 
substituted hy Hz0 in solution. The complex is then mono- 
meric in DMF solution and might bc li9rmulated as 
Gd( I ) ( Hz0 )?. This observation is encouraging in view ot 
the dcvclopment of new. stable and water soluble cl9ml9ounds 
for NMR imaging based ~911 the podand Hd-I ligand. 

The preformed acyclic planar lipands Hz-l1 react wiIh d- 
or f-metal ions to fl9rm the relative mononuclear complexes: 
Ihe same complexes have been obtained by condensation ol 
the Ibrmyl and amine precursors in a 2: I molar ratio in the 
presence of the appmpriate metal salt. The thrmation of Ihcsc 
metal compaunds shsws the some solvcnl- del9cndrnI bchav- 
ior: con1plcxcs containing the l’ormyl or the IIceIal groups 
Iuivc been c9htuincd rcspeaively ill ;:0%9niIrilc or mclhanol. 
Mu~~vur IIIC addition ol’ Ihc approl9riaIr an1rrunI of hasc 
detcrmineh, cspcciully Ibr Ihc! complexes d&cd I’ron1 1’~ 
metal ions, the absence c9l’ counter anions, AS cxaml9les 1l1c 
uranyl( VI ) and lunrhonuni( 111) cotnplcxcs, U02i Ht=ll’u )- 
(NO\)2 or UO~(H~-IIU)( NO,112 Wd Lu( Ha-Il’d)( NO,) 4 
c9r Lu( Ha-lldb( NO, I.,. were obtuincd by reaction ol’ 1,6,- 
dift9rmyI-4-chlorophenol respectively with eIhylunrdiaminc 
or I .S-diumino-3-oxapcntulc in the prwncc 01 
UO,( N0,),*6H20 or La( N0,~)j*6H20 respoclively in 
methanol or acetonitrile, while U02( II% I( iVe0l-l) or 
La( It’d) (OH ) ( S ),, ( S = Hz0 or McOH) were prepared 
when the same reactions were carried out in tl1c prcscncc ol’ 
lhe appropriutc amount of base. 

Moreover, whet1 a I : I uranyl:LiOH ratio was used, tl1e 
complexes UO.$ 11’~) ( MeOH ) and UO,$ H=ll”rt) I NO t) 
were rtsc:9vered. F;or U02( H-11%) ( NO,{) the structure given 
in Fig. 2 may be suggested on the basis ol’ tl1c ‘H NMR 
spectrum in dmso-d,,, which shows a singlet due IO phcnolic 
protons at I I &I, iI singlet aI Y.(9I ppm due to CHO, two 
doublets I1I 0.54 and 9.48 ppm (CH-N pmons coupled with 
aromatic pn9tons ). two mulIiplets at WY and 7.3Y ppm (uro- 
matic pmtons), ;I peak at 5.04 ppm ( OH nl’ the acctal group 1. 
4.60-4.49 ppm (CH,CH,) and 3.38 ppm (OCH? of’ the acelal 

group). 

cl 

A 

The IR spectrum shows two strong hands at 1655 and 1626 
cm ’ rcspcctivcly aItribuIed to I)( C=O) and v( C=N): the 
presence of’ the uranyl( VI j group is conlirmed by a strong 
hand iIt 005 ~199~ ’ due to antisymmetric stretching v,( O-U- 
0 1: linally there are bands at I453 and I332 cm - ’ possibly 
due lo Ihc nilratc grc9up which coordinates as monodentatc. 
An additional band at 1384 cm ‘, due to an ionic nitrate. 
may he caused by the reaction ol’the complex with KBr used 
Ihr preparing IR samples. 

A second precipitaIc, formulaIed as U02( Il’a) ( MeOH ), 
obtained from the mother liquor, possibly has the structure 
with both Ibrmyl groups in the acctal fl9rm as shown in Fig. 1. 
In the ‘l-l NMR spectrum of this compound Il1e signals al 
I I .O I uud 0.6 I ppm hevr disappeared while only one peak 
~IIL’ IO CH==N is prsscnl ~II 0.48 pl9111. Also\ lhe aromatic 
signals arc simplilicd, owing IO Ihc Ilipher symmclry ol’ the 
c0ml90untl ( it dt~l9lcI ol’dl9uhleIs aI 7.72 uud 7,611 pplll). The 
signal aI 6.61 ppm is due IO the XeIiIl CH while the signal 
due IO Ihc uccIulic OH is 11oI prt?senI, Morcovcr 111~ lxuk iU 
3.M ppm is aIIrihuted to the CHJ groups while the peak uI 
4.49 ppm is dur IO the CH+H, group, Finally the l9re!&nce 
ol’ a meIhant9l molecule, possibly lilling the lifth equatorial 
coc9rdination site about the uranylt VI 1 ion. is cvidcnccd hy 
a doubleI aI 3. I7 ppm and by ;I qUill%!I ill 4.12 ppm. 16 IR 
spectrum shows OIIIY iI strong band aI I625 cm ’ due to 
V( C=N ) and a strong band at 902 cm ’ due IQ IJ~( O-U- 
0). 

The high yicid and l9uriIy of rhr complexes obtained liom 
CH,CN arc due to the considerably enhanced solubility of 
Ihc rc;IctanIs in comparison wiIh the relaIedcon1plexeh. Thus 
Ihc complexes Lilt H~4l J ( NO, ) 1 ( Hr Mb. Hz*11~. H24d. 
H241e. Hz-111: H241g and Hz-llh ) precipitate from the reac- 
Iian saluIion as pure yellow or oranpc solids. SEM and EDX 
invesIi@ons confirm Ihe homogeneity of these samples and 
Ihe correct I:2 l;~nth~~~~u~~l:~hl~~rid~ ho. NMR and IR inves- 
tigations slrongly suppon the sIrucIurc where the ligand coor- 
dinutcs to the cet1Iral metal ion in the diformyl Ihrm. For 
example the ‘H NMR spectrum of La(H2-llb)( NOJ) I in 
dmso-d,, shows signals at 14.78 ( HO-phenolic ). IO.18 
(C&O), 8.52 (CH=N). adoublelofdoubletsat 7.62-7.52 



( uromutic protons ) und 3.76 ( tnethylcnic protons 1 ppm. The 
lR spectrum ugrees with the NMR dutu: the two strong bunds 
ut 1669 und 1653 cm ’ are dw respectively to 14 C=O 1 and 
I#( C-N J. It is to be noted thut the NMR spectrum of La( Hz- 
lib) ( NO1) I in dmso-ct, progressively cbangees becoming in 
a few minutes identical to that of the free ligund showing that 
dimethyl sulfoxide IS able to substitute the Schiff base in the 
coordination to the central metal ion when the Schiff base 
behaves as a neutml ligand. When it acts us P deprotonated 
lipond. it is lirmly bound to the central metal ion and cannot 
be substituted by strong coordinating solvents. 

The tridimcnsional functionalized ligunds and/or theil 
complexes have been prepared according to Scheme 3. 

In purticulurrhc mononuclear lanthanidc complex Lut III b 
WLI~ ~ynthcsizcd by condensation of La( 1) and 2-t methyl- 
umine )- I I-crown-4 drmntal analyses. SEM and EDX 
ctudies show the complex is homogeneous with a 
Iattk;mum:chloridr rutio 13. In the IR spectrum the bands 
due IO P( C=O) itre absent. indicating that the starting com- 
plex or piutially condenhcd species ure not present, while 
strong bundh due to the iminic and crown-e!her groups ure 
clearly detectuhle; v(C~N ) I/L’S ut I631 cm ‘, P(C-O) tit 
I 138 und I 101, cm ‘. PlCH2) ilt 2907 ctll ‘, Accordingly 
the ‘N NMR spectra confirm the structure p~aprracd for 
L:tt Ill) hhtrwing p&a et ti.55~X.06 (Cl&N ). 7,6l-7.12 
( utun~ulic’ ptWNlh I, 3,70-3,3(, am4 2.~2~2,83 ( CH2 proton* ) 

ppm. In addition the peaks at 10.3 I ppm. due to the CH=O 
protons. clearly detectable in ;he ‘H NMR spectrum of La( I), 
cannot be observed in the spectrum of the functionalized 
lanthanum complex La( 111). 

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 disappeunnce of peaks at 
189 ppm due to the formyl carbons. Moreover the peaks due 
to the aromatic carbons lie at 136. I29 and I 14 ppm as in the 
triformyl precursor La( 1). Finally peaks due to the triamine 
curh>n framework can be detected at 57-59 ppm und, more 
diagnostic. the peaks at 69-76 ppm completely absent in 
Lu( I ), assigned lo the carbons of the crown-ether moiety. nre 
clearly detectable. 

Linlthunide( III ) salts re:Ict with the tridimensionul pod 
und ligands H,-IV or H-,-V to form Lnt IV ) ??rrH,O or 
Ln( V ) ??td=l~O (It = I, 2 ) in the pn2sence of the appropriate 
;ImoUnt of hase und Ln( HrlV ) ( X )J*sH,O ( X =CI -, 
NO, ; II = I-5 1 in the absence of base. In Lnt IV ) ??ltH20 or 
Ln( V) ??rtll2O the metal ion occupies the inner N.,O,\ coor- 
dination chamber: in Ln( H.,-IV ) ( X )3 or Ln( HrV ) ( X ) 3 
011ly sOIll~2 oxygen utoms of the externul 030, chamber ure 
involved in the coordinution. the other coordinution sites 
&out the metal ion being lillcd hy the unions X 123 I. The 
complexes Ln( IV ) ??/rHzO und Ln( V ) ??rtH2O. when mixed 
with alkuli salts or as ii co~~scqucncc 01’ their prepurution 
procedure. encupsulute these 41s into the free outer 0,10, 
ch;uiiber irnd compoundh formuluble iIs Ln( IV ) ( 1120) ??
rrMX ( !I =0.7-I : M = Nrr. K: X = Cl, NO\ 1. SEM nnd I:,DX 
investigations conlirm the consequent Ibrnrution ol’these het- 



eropolynuclear species. evidencing the homogeneity of the 
samples. the presence of both metal ions und the Ln:M rittio. 
Lnf HI-IV I ( NO3 ) 3 itnd cspcciitlly Ln( H&-V ) ( NO, ) 3 iiw MI 
stuhle in alcoholic solution ilnd sullicr ;I p:uGal hydrolysis 
when redissolved in thcsc solvents: on the contmry. they arc 
stuhle in air for iI long period of time. Moreover in coordi- 
nating solvents. such as dimethyl sulfoxide. the demetdllation 
renction LII( HJ,) ( X 1 3 + rldmso + Ln( dmso I,,( X I 1 + H3L 
occurs: the ‘H NMR spectruofLa( HJV )( NO, )-,or La( H,- 
V ) ( NO i ) 1 in dtnso-d,, cleitrly show the pwks due to the free 
ligimds at X.0?. ( H3-IV) or X.21 ( H3-V ) ppm attributed to 
the iminic protons. peaks at 6.944.14 ( H3-IV ) or 6.9%6.60 
( H-t-V ) pp111 due IO aromatic protons. and aliphatic mcs iIt 
3.X0-2.X4 ( HJ-IV ) or 3.9% I.29 ( H-,-V 1 ppm. In lhcse corn-- 
plexc~ Ihe lipiu9d hchitvcs ils u crown-cthcr-like lipilnd and 
CiuNlOt c01q9e1e wilh strong coordinnting solvents such us 
dirnethyl sulfoxide: thus it is released in this holvcnt. Thchc 
d& itIs cvidcnce that the Schiff bithc ciuI be recovered from 
the reaction solution: thus these lipiulds coordinate to the 
l;ulthunide( Ill ) ion without sullkrinp hydrolysis. The hydrol- 
ysis occurs only when the c0119pIc~es iIre Ire:& with i\lc~~h~~l 
in rccryslalliir.ntioii p~~~ccsses. 

Filtillly I,il( VI ) W’ilS pR!pilk!tl hy tLVlll9lillC rtxCti0ll Ol 

trisf l-illllil~Ut!tllyl Laniinc illtd -I-l9tVlll~~-~-~ 2-f diltlethyliull- 
ino-ethyl )lllethylill~lilto 1 -llletltyl-~9-lh~lttyI-pl~ell~~l in u 3: I 
nlOl;tr ~ittil9. u11d in the presence Al’ Lu( NOI ) 1 ??6)10 tIntI 
N&H us it bitse ( Sche~~te 3 ). The elementitl ilnulyscs iultl 
SEM ttnd EDX studies evidence the ~I’C’SL~IICC Ill’ NilNO\ with 
it Itr~tth:rnum:soJium:hromi~rc rutio oI’ I :03:3.S ) I III the IR 
spectrum II slnwp ;bsorption lleith ;II I300 GIN ’ is diagnostic 
ol’ iin ionic nitrate proup while the 5lrong hillld ill I K!O cni ’ 
is tlw IO P( C=N 1. 

I3y LI SIC~J hy step procedure it is possihlc IO ohtitin the 
IbllcliOllilli~cd l9lilllilr ilcyclic li&!illlilS Hz-VII or H,=VIII illld 

the t~lttIed complexes containing crown-ether moictics 
( Scheme -I 1. 

Thus. hy condensation ol‘ the acyclic ligands H,-oh iund 
Hz-llh with 3-i~tllint)t~~rtllyl- I Z-crown-1 in CHCI i 01 
CH,CN. the Schiff bases Hz-VlIb and Hz-\‘IIh \verc 
obtained afier several purification procexhes and in very Iok\ 
yield respectively us ;Ln oil or ;1 solid. 

For Hz-VlIh FAB inas\ spcctrometry show4 the parent 
peak at 738 ar/: whiie the ‘H NMR spectrum in dmso-d, 
shows peaks at I-t.33 (phenolic -OH). 8.47 (CH=N pro- 
tons 1. 7.51-7. I I! (aromatic protons ) and 3.83-3.53 ( CH, 
uliphiltic protons) ppm. 

The formation of Hz-VIIh was idso contirmed by its FAB 
mass spectrum. which evidences the parent pcnk at 8.56 III/:. 
and by its ‘H NMR spectrum in dmso-d,,. which shows peaks 
(II 14.06 ( OH- phcnolic 1. X.17 ilnd 8.-l I ( CH=N iminic 
protons ). 7.52 ( aromatic proton% I ;IIld 3.71-3.61 ( CH, ali- 
phiitic ) ppm. In uddition IR spectroscopy cvidenceh the 
absence 01’ bundh attrihutuhlc IO I?( C-O ) illId the prcsencc 
OT strong hands ill I OJO iIIId I 6Sh Cl11 ’ dUC IO r’( C=N ). iII 
2010-2X70 m ’ due IO v(CH~) and al I l3l-IO% CIII ’ 
due IO I’( C-0). The dit’liculty in obtaining thchc co~npou~xl~ 
in high yield. hy UII apparently Gmple conden>i~ticln reaction 
hl't\Wcll lhc ilcyclic ligands alKl IllC irppropriutc priniitry 
;utIiltc hcuring crown-ether moiety. ilr due to side reiictionh. 
such ils the I’ormution ol’ \ymmetric cyclic ligi\nds. We hilve 
tried to overconic these prohlenis through lhe COlldell~illiOll 
of the acyclic ligunds with iI primq amine in dre presence 
Ol’ IllClill SilltS ilh tClllpliltillg il$lltS. Untbrtunotcly WC Ilil\C 
&served what the hoped increilscd yield does not occur it? iI 
signilicant wiry: ilgililt hide reilCtk)lts I;lhC l&ICt. OIIC side 
rCilCliW ih rq~rchC\iiIcd I9y llic I'~Wll~ilti~M 01' aymmctric cyclic 
co~nl~lcxe~, Morcovcr thchc hys~cnts ilrc l?1~lynuclcirting in 
llillllk! illttl consequently lllily hccurc tW0 ( or iiirwc 1 IllClill 
ioith inlo tlteircoordiiiiiticlil moiety. TllC C0IlSi2~p2llCC ~~I’IIlChC 
rccicliims i4 the colilctllpriiry IkWlllilti~~ll Ol'dil'tklYl~l SpxicS. 

quite ol’ten dil’licult lo SCpUrillC alld il drestic dc?CI’LLilhC in IIW 
yield ol’ lhc dckigncd compound. 

‘I‘IIC ;lCyCliC IigillltlS t&II illtd tllC rcliilc0 C~WldCXC~. COW- 
lilillillg lllc limiiyl groups in tlle Xelill ti~rni. lllily illMr 

lll~d~rpo. UlltIer ilpprt)prii\tc experimental conditim. I’urihcr 
co&lls&)i~ reactions giving rise 10 I’uncrion;ili~.cd cOm= 

(R = a; n=S) 



puwlsi. THUS Uo,( Il’u)( ML&H) or UO,(H-ll’e)( NO.*), 
when reacted with 2-aminoethyl- I S-crown-S, fom the corn- 
plexc~ uo,( Vlla) (MeOH 1 (tt = 5 1 or U&C H-VHa )- 
( N@) (N = 5). The IR spectra of these complexes show 
b&at * 1~5 ( P(C=N) ), 2902-2867 ( v(CH) aliphatic) 
and -1117(~(C_O))cm-‘.ThetRspectraevidencealso 
a smg and shrug band nspectively at 895 and 902 cm ._ ’ 
due to the antisymmetric v,( O-U-O). The ‘H NMR spectra 
in dmw-d,, shows peaks at 9. I2 ( CH=N protons ),7.30 4 am- 
mutie pmms). 4.58 ( CH2 of the ethylenediamine moiety) 
and 3.63 ( CHI of the crown moiety 1 ppm. 

As already reported 12.4,6]. the urdnyl( VI) ion easily 
forms S&iff base complexes with a pentagonal bipyramidal 
geometry: this is favonzd by the riced of the linear UOz’ ’ 
group to be equatorially surrounded by five donor atoms. The 
pentacoordination in the prepared complexes is reached by 
the cm,rrlination of a solvent or an anion ( i.e. NO> - 1 mole- 
cule. This prevents the contempomry coordination of a scc- 
ond UOz’+ group into the second adjacent Nz02 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( I&-&) ( NO3 ).l is used as 
formyl precutsor, the product obtained by its condensation 
with 2-( aminomethyl )- I2-crown-4 contains an S:CI:La ratio 
I : I 3: 1 as evidenced hy SEM and EDX investigations; it is a 
mixture of the symmetric cyclic complex La( Ht=IX ) ( NO\ ) , 
( X = S) und of the designed functlonalized complex La( Hr- 
We) l NO\ 1 1 us evidenced by ‘H NMR specm in dmso=d,, 
This shows two dlffennt sets of signals: at 8.62-858 
(CH=N). 7~39 (uromutic protons), 3.73-3.46 und 2.28 
( CHZ ~liphutis 1 ppm due to ohs ucyclic functionuliacd corn== 
plex und ut 844 ( CH=N 1 und 7.45 I aromatic pmtons) ppm 
duo lo the cyclic complex (the signals due to the aliphatis 
CHa ure covered by the peaks due to the aliphutir CHJ of the 
fttRcti~ntt!izt?d t?tm@jttnd ), Thr lR spt%trunr shows the preb- 
once of u(C=NJ ut I632 und 16%. ~(Cli) ut 2991 und 
urC==O) IO71 cm I, while the hand I Eh67 ( t~(C=0) ) 
cm ’ present in the acyclic formyl pmcursors, cannot be 
detecled. The dinuckar complex Lal( Vllb) ( NO?)., (I/= 4) 
was ewveti when Ll Ha-lib I ( NO, ),f wus used us formyl 
precursor: SEM and EDX investiputions indicate an La$?l 
rWri0 of I : 1. ‘tke IR spectrum *.la %vs hands at IMU and I658 

N)), 1071 (~(c-0)) and2962 (tp(CH,!) cm ‘, 
NMR showr; signuls ,br 8.60-8.5 I ( CH=N ). 7.7 I - 

7.62 ( uromutic protons 1 und 3.6?- 3.46 ( CHJ protons) ppm. 
‘b funny! mttnpunesc complex Mn( He) t OH ), obtninsd 

by the nuction in ucetonitrilc of I+Ittt with tnunpaneset ll ) 

WMW or by template reaction. wus used us pbwursor in the 
fuprturtion of Mn( Vllrr 1 (OH I ( tt 4 1 by condensution with 
.a “-methylttmino- I l-c‘ruwn-4. The experimentul pN)c&r,j 
US& does not p#?venl an oxidution of the mangane%se as sua_ 
gestcd by the mwaetic moment found ( 4.20 BM 1 3 Thd sub- 
WWlt amknation of Mn( IL) (OH ) with 2-t~thyl- 
urnin+ I l-crown-4 gives rise to the mononuckar 
Mn( Vlkr) 4 OH 1 lwmglex which appeurs, on the basis of lR, 

SEM and EDX investigations, to bc contaminated by a small 
amount of the related dinuclear manganese(II1) complex. 
The IRspectrumevidences v(C=N) at 1645and 1653cm-’ 
and strong bands at 1132, I 108 ( rr(C=O) ) and 2919,286s 
v( CHI) cm- ’ due to the crown-ether moieties. 

The designed mononuclear complex Ni( VlIa ) ( R = 4 ) 
wasobtained whenNi( Ha) wasnzactedwith2-methylamine- 
12crown-J: SEM and EDX analyses show the complex is 
homogeneous with a correct 21 ch)oride:nickel ratio. The 
complex is diamagnetic indicating a square planar coordi- 
nation about the central metal ion and the ‘H NMR spectrum 
pamllels 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. 
~(CH~)at2920andv(C-0)at 1096cm.‘. 

Hi-A contains two formyl groups which engage in a con- 
densation reaction with 2-aminomethyl- I5-crown-S, forming 
H~*V1li*HzO as a yellow powder. In this ligand a strong IR 
bandat 1653cm-’ ( u(C=N)) substitutes thatat 1675cm-’ 
( v( C-O) ) for &-A: moreover very strong bands at 2869 
( v(CH~)) and 1121 (vlC-0-C)) cm- ’ give further evi- 
dence that the condensation reaction occurs. Finully an FAB 
mass spectrometric investigation evidences the parent peak 
at the appropriate rttlz, value. 

Ha-VIII*H20 reacts with uranyl( VI 1 nitrute in u chloro- 
form/methanol solution und in the presence of NuOH togive 
rise to the complex U02( VIII 1 ??2NuNO\*2CHCl,*3MeOH: 
the same complex hus been obtained by condensation of 
HI-A und 2.mcthylutnine~l5-cn)wn-5 in the presence of 
UOz( NO\12*6H20 us templrrting ugcnt turd NuOH. In this 
complex the presence of Nu ’ was ascertained hy SEM and 
EDX investipution~. which evidcttcc a I :2:2 uranium: 
stdium:chlorinc ratio, Moreover IR spectroscopy shuwh the 
pwscnce of nitrate ppo~pn ( u s~rmp pak UI I384 cm ’ ) t111d 
of ttn almost linrur O-U-O group ( htl ul HH I cm I 1. The 
strong peaks at I653 and I635 MI ’ m attributed to 
tbt C=N l of uncoordinuted und coordinuted uAomcthynic 
groups. 

The ligands Ha-X and HrXt repxscnt a different synthetic 
upproach to the preparation of functionalized systems. They 
und/or their complexes containing d- or &metal ians were 
prepurcd by reaction of H-B or H-C with the uppropriute 
polyamine according to Scheme 5. The starting formyl 
ptwursors H-B und H-C were obtained by Mannich reaction 
of J-chlon,-2-f(,rmylphenol or 4-bmmo-2-tbriylphenol 
wspc!tively with ~..N.N’-trimcthylethylencdianlinc or N- 
mcthylpiperazine in the presence of paraformalduhyde 1 I 41. 

UOJ X ) ( McQH ) was obtained as an orange-red solid by 
reaction in melhano~ ol’ 4-bromo-2-I ?-methylatninodi- 
ethyl )aminoI-methyl-6-formylphenol ( H-C 1 and cthylcnc- 
diuminc in the presence of UO?( NO31 ?=6H?O and LiOH as 



\N OH N v .&C% 

Hz-X 

e. h) 

il ht. The stronp ~‘a( O-U-0 I 112 hitnd aI c)O3 ~111 ’ cl i- 
dcnccs IhC prcscncc Of IhC 1llXl~~l group: in ilddili(9ll il bitllcl 

111 IC932 Cl11 ’ ( I’( C-N ) ) is indicutivc Ihi\I Ihc cOnden~ini()n 
rcucIion with Itlr conscqucnl fnrm;iIion of lhc Schill’ biW 

occurs. Morcovrr Ihc ‘H NMR in CTKI, cvitlcnccs IhUI iI 
molCa‘ult2 0I‘ mclhiuurl ih prcscnl uud till5 IhC lil’lh qu:~loricd 
p~nllrco(~rdinirlion nlmll lllc ur;uiyl( VI ) ion. 

H2-Xlu~4HBr~2.SMcOH shows rj(C-N I 111 lf9SX cm ’ 
which is shil’trd IO If962 cm ’ in Ihc disotlium co~nplcx 
Ni\>( XIU) ??M&H ??2CHCI ,; in klition the IR ~:IIKIS UI 2650 
iind 2472 cm ’ , nttrihutnklc IO I’( NH** *l3r). tlklppcur in Ihc 
disodiiim complex. 

H1~Xlu~4HBr*2.SMcl)Pl. when rCucI4 wilh 1J02- 
( NO,, 1: ??6HJI. in LI I : I mdur ruthI und in the precnce d 
Nd3l-l. forms Ihe o\*il~lp+td ~~~~)II(~I~~~&iIr COIII~ICX 
UO:( XIU) ( M&H 1. Again strong hi\tlds uI IQ7 iUld WI 
cm ’ rcsprclivcly &IC IO IJ( C-N 1 illId /‘I( 0-ll-0 1 CiIII hc 
tlc~ec~cd in Ihc IK spectrum. 

‘I’IIc mononuclc;~r CU( XIU) ??HHrm li-&I~ McOH ;IIItl thr 
dinuclcilr camplcxes Cu21 Xlti) ( Cl.1 ,CW~ ) ( OH 1 ??HBr 4 
Ni2( Xle)( C14~C86)1*HBr~0.SH~0 wcrc prcpurcd by lcm- 
plilte cdcnsdon ol’ cIhylcncdinmitv Und HH* 2HBr in II 
I :2 molar ratio ilnd in the prcsencc al’ I~S appropriate um~unl 
of metal acetate. The lbrmuletion ot’lhcse complcxcs is hascd 

011 IIW ClClllC~ll~ll il~l~llySCh. including OXggCll COlllCIlI. id 011 

th mcI;ll:hromine r;lIio cviIltulId by SEM irncl EDX ilIw- 

Ggilli(~~~s. The prc GCIICC of HBr ih proposal on lhc hi\ of 

thcil IR spcclra which cvidcncc b;md~ in 111~’ range K!O- 
2150 Wl ’ ;lllrih~A IO Ns * 8 H-Br hond3. Morcovcr. 
I’( C-N I lies uI IA33 ~111 ’ in Ill12 I1WI1011IIClCilr copl9err II 1 
CCllIlplCk illId ill lK?S illld lb23 Cl11 ’ in IllC tlinUClCiU Cop= 
pc’r( II ) Ulkl nid’kdI II ) iIllillO~IIC\. rrhprctivrly. III ;i&liIion 
IllC dillUClCilr ctryp~r( II ) ilnd nirkrl( II I COmpk~Ck %hclWs 
IWtl slrong ill~h~~lpli~~l~ h;lllllh rcspcclivcly ill IS54 illltl 14.17 
Cl\1 ' LIntI ill ISHH ild 143 I LWI ’ CIUC IO lllbl I’,,,,,,,(COO) 
ill1Cl I’ 9,,,l( c1’00 1 id bridging 1ICCIiIlC proupb 1 1-l I , 

‘I’hc miignrlic niomcnl al room ICll~p~lWlrC 01’ llw 111~1110= 
nudcur coppcr( II I ( pll = I .7 l3M ) ilntl OI’IIIC alinuckilr cop- 
19sr( II ) ( /.L’, = I .7 HM per copper uI(jm I ) cvidcncc\ Ihut 111~ 
inlcrirc~ic9n hctwrcn lhc Iwo p:rrum:lyndc c’eiikrh i+ nqligi- 
MC. Thr corresponding dinud~;lr nichcl( II ) ~omplcx 411~ws 
il /A,, = 3.3 BM (2.4 per nichcl( II) i\Iom ). 

Thr cantlcndon ol’ H-B with H,N( CH2 )X( CH212NH2 
( X -i S. 0. NCH, ) in il 1: 1 ~ll(diW riiliu. iInd in lhc l9rCGlKC 
(,I’ l,u( NO, ) 4 -OH&J iI!+ ICmplding UgCnt und oI’ NilOH. give 
rise In Illc corrcspondiii~ JiNlCl~ilr coinple~,es Lil,( XIC )- 
(t3r)l(N0,)(OH)*4t~,0. l,il:(Xld,(l3r)~(NO1)(OH)* 
l=iJI ;rnd LiI,I Xlc)( Br ):I NO, ),~JH@. In IhcsC somplrxc% 
I’( CEN) lich iIl lf92&lb% Cl11 ’ wliilc IWO hiMIS ilt id90Ul 
I.Fi(l- 1436 and I X0- I 3 I 3 cnl ’ colilirin liic prcsrria 01’ 
niIr:IIc ions. possibly UCli~Q! as t9itlcnlnIc. 

By iI simllilr SynIhcIic lxoccdure the ILY~~IW rcilcIi()n H- 
I# untl H~N(Ctl~)C)((‘H1)~O(Clll)~NH~. in IhC l9rMlcCol 
L;i( N0,3) ,*(9HJ) and NUOH. give rise (911ly IO Ihc dinudeiu 
complex I,il,(Xlh)~(Br~(NO,l.(OH)~~H,(). I~(C=N) 



lieh ut 1632 cm ’ while Ihc niIr;IIc group, possihl) iIs bidcn- 
lute. 1% cvlJencsd by the peaks at I454 and 13 I3 cm ‘: n 
31roq pcuk ilt 342 I cm ’ is u~tributcd to v( OH 1. The mother 
liquors of ull ~hc p~vpmd complexes deposit. on standing. 
the corresponding mononuclear complexes. Also for these 
compkxes their formulation was proposed on the basis of 
elemental analysts. including oxygen and. where prcscnt. 
sulfur. and the hromine:lunthanum ratio was cstimatcd hy 
SEM and EDX investigations. 

W-XII reacts with coppert II ) ucctote IO form a mixture of 
ths di;ruclerrr Cu:I X11) ( CH 4200 ) ( Br 1 2 and of the mono- 
nuclear copper{ II ) complcxch Cut XII) ( Br). They can bc 
sepur;rIed owing to Ihcir diffcrenl soluhility in alcoholic solu- 
Iion. The rcduccti magnetic moment for the dinuclear com- 
plen, ( pi, = 1 A BM ) shows un antiferrnmagnaic interaction 
hetwca the copper ions. The IR specIrum shows a strong 
pcuk at I&Q cm ’ ( IWS cm ’ in the frLv ligaads ) due to 
PI C==N 1 ;~\ti IWO peaks iIt 1576 ( u,,.,,,,( COO) ) and I447 
( J’.\lll ICOO))cm ’ due IO the ircclatc groups. 

thus acting as molecular devices for Ihese species. 
Finally a particular mention must be devoted to the lantha- 

nide( Ill 1 complexes Gd( I) and La( III ). The former com- 
plex mi\y be considered iI usdul model in the preparation of 
contraring agents in NMR tomogruphy: Ihc latter complex 
owing to its functiclnnlizatioll may he SCCII ilS a I~~o~IcI for Ihc 
design and synthesis of shifI NMR reilgcnts Ib the quunti- 
lntive dcIcrmin;ltion of sodium or poli\ssium ions and subs. 
Also Ihc podand ligand II_,-VI imd Ihc tdlld InnIhu~idc( Ill 1 
CoIllpICXCh ilrcl proniising SySlCllls GlpilhlC of tndriple s&C- 
tivc rwopnition processes. The development of these syn- 
thctic sIraIcgi;ics involves ( i ) further functionalization PI the 
periphery of Ihc systems, which includes hydrophilic or 
hydrophobic groups IO tmhanCC their soluhility in pnrticulur 
solvents imd ( ii ) the reduction of Ihc Icss sI&k iminicgroups 
CH==N IO the more St&k aminic imulo~ues CH-NH. With 
wgarJ to iIcm ( i ) WC have undertitken i\n invc\sIipnIion using 
CilliXW3Ws, hcilrillp mink or lhl~yl groups. ilS precurson 
for the synthesis ofsystcmh ol’highercomplcsity 115 1. l%nur 
;Ind Iridimensional lipnnds nntl rclilted d- imd I-complexes 
hiIvc iIlrciIdy tic11 prcpurcd u11t1 chtrroctcriscd 1 fr I. TIICY SCC‘III 
to he very proniihing in sclcclivc rccognilion ill111 sq)urutiwi 
prwss~k und in Ihc prcpiu~iiIion of niolb’cul~ir dc\.icch. 

5. Supplemontury niatcrid 

Atomic coordinatc~, bond tlisluncc~ tuicl tmylcs. trnd Iher- 
WI lr;IrnmeIen huvc hrrn &p&cd LII I~IC Ctrmhridpc Cry+” 
lidl0grilpl~iC 1kltil CBlntrC. 

WS Ihunk A. Aguiari. 0. Biulo. I;. Bullitu unll F. DC %uunc 
for Ihcir tschnicul trs&Itrncc‘. WC ulho Ihnnk the ProgetIo 
SIrutcpico. C.N.R. ‘Tccnologic Chimichc Innovative’ for 
linanciul support. 
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