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Abstract

The synthesis of Ln”(=Pr”, Sm¥, Gd", Dv") complexes with 2,6-diformyl
~4-methylphenol and 1,2-diaminobenzene in acetonitrile at ambient temperature
was reported. Discrete mononuclear lanthanide(Ill) complexes of the tvpe
[Ln(20-DOTAXNO:)(H20)](NO3)» - nH-O were obtained in 35 ~ 35% vield as
deep brown crystalline compounds. The electronic and steric requirements of the
lanthanide(lll} ions appear to be resolved by coodination of four nitrogen and
two oxygen donors of the macrocycle and to the oxygen donors of a bidentate
chelating nitrate ion and to a water molecule. Thus the coordination number of
the lanthanide(Ill) ions is nine.

Treatment of a hot methanolic solution of 26-diformyv]l-p-cresol{lmmol), 97%
triethvlenetetramine(1lmmol), and a lanthanide(Ill) nitrate hvdrate(lmmol) vields
homodinuclear macrocyclic lanthanide complexes, {ProLim(NOs); - 2H20} and {Smy
Lim(NO3); - 2H20}.

Eight, nine, or ten coordinate complexes in the series of {ProL;m(NOs); - 2H-O}
and {SmoLym(NO3); - 2H-0} were prepared by treatment of the Pr- and Sm-
homodinuclear compound with the appropriate auxiliary ligand, SCN°, CN, T,
Br, or N3, etc...

Each lanthanide(Ill) macrocyclic complex was characterized by elemental

analvsis, fast atom bombardment mass spectrometry, IR, and NMR spectroscopy.
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Table 1. Comparison of transition metal ions and lanthanide ions.

Lanthanide ions

First series
transition metal ions

Metal orbitals
Tonic radi

Common coordination

numbers

Typical coordination
polvhedra
Bonding

Bond direction

Bond strengths

Solution complexes

4f
106-85pm(1.06-0.85A)

6, 7, 8 9

Trngonal prism, square
antiprism, dodecahedron

Little metal-ligand orbital
interaction

Little preference in bond
direction

Bond strengths correlate
with electronegativity,
decreasing in the order:
F, OH, H:0, NOs,
ClI

Tonic; rapid ligand

exchange

3d
75-60pm(0.75-0.6 A)

4, 6

Square plane, tetrahedron,
octahedron

Strong metal-ligand

orbital interaction

Strong preference in bond
direction

Bond strengths determined
by orbital interaction,
normally decreasing In
following order: CN,
NH; H-O, OH', F

Often covalent;, covalent
complexes may

exchange slowly

onal prism®l <& 3t gl

£ ol A

&
volume) AR 2HH AH B F Ao FAFE Z77F RelA

zr=e] B3H4el 4% WA Faoh F, Smel A BEAE wel
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Fig. 1 Partial molal volumes of hyvdrated Ln*. Lines represent suggested nine-—

and eight-coordination. The hydrated Sm* and Gd* ions represent

equilibria between the two species.
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Table 2. Mass numbers and abundances of the naturally occurring isotopes.

relative | relative
element mass number i element mass number
abundance abundance
lodine 127 100.000 ‘ 154 2.230
Barium 130 0.101 * 155 15.100
132 0.097 156 20.600
134 2.420 157 15.700
135 6.590 158 24.500
136 7.810 160 21.600
137 11.320 Terbium 159 100.000
138 71.660 Dysprosium 156 0.052
Lanthanum 138 0.089 158 0.09%0
139 99.911 160 2.294
Cerium 136 0193 | 161 18.880
138 0.250 ‘ 162 25530
140 88.480 163 24.970
142 11.070 164 28.180
Praseodymium 141 100.000 Holmium 165 100.000
Neodymium 142 27.110 Erbium 162 0.136
143 12170 164 1.560
144 23.850 166 33.410
145 8.530 167 22940
146 17.220 168 27.070
148 2.730 170 14.88
150 2.620 Thulium 169 100.000
Samarium 144 3.150 Ytterbium 168 0.135
147 15.090 170 3.030
148 11.350 171 14.310
149 13.960 172 21.820
150 7.470 173 16.135
152 26.550 174 31.840
154 22430 | 176 12,730
Europium 151 47.820 Lutetium 175 497.410
133 52.180 176 2.590
(radolinium 152 0.205 ‘
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Manganese(Il) carbonate, 2,6-his(thydroxymethyl)-4-methylphenol, 1,2-diamino-

flo

benzene, lanthanide(Ill) nitrate hexahydrate, 18] triethylenetetramine %
Aldrich 2 Ficher A&& A3t d&E ZES 317 A3 ML
Elementar Analysensyvsteme GmbH, Vario EL, HAXFF2HEHE KONTRON
UVIKON 860 UV-VIS spectrophotometer, & #(mass) Z2HEHL FAB mass
spectrometer(VG70-VSEQ; VG ANALYTICAL, UK), 22|12 HeA(R) ~HEH
2 FT-IR spectrometer(Bio-Rad FTS60)& AH&3H4 T

2. Erydly

1) manganese(IV) oxide AZ

=2 F8ZF salicyl alcoholE salicyl aldehydeZ AFIA]Z|=dH Q3 HFH &4
3} MnO» AZE manganese(Il) carbonateE Z7]2(295C)ollA 1FYU7 719 o

2H 7hssit

Oft

2) 26-diformyl-p-cresol(DFPC) &4]
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A 2

chloroform .22 H A 3FA 4 48t} o] o chloroform™ w9l 200mlii 38 o] 2
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26-diformyl-1-methylphenol®]  acetonitrile & 2 (Immol/35mbD,  lanthanideIIT)
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] acctonitrile & (Immel 25mDe A A8 wwkatwiA &gtetc} o] EFHgH S A
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AT o Al Fo 1A AAEE B85k, acetonitrile®} chloroforme 2 33]

ol 4 M HEd HAZE A7k
4) ola Fer=(m) Azl ZFE(LnoLym(NOs), -2H:0 : Ln=Pr”, Sm™} &4

Lanthanide(Pr”, Sm®) nitrate(lmmol)®] methanol(35ml) &l 26-diformyl-
p-cresol (Immol, 0.164g)& H7Isln #FF o727ttt o7)e) 97%
triethylenetetramine (Immol, 0.151g)¢] methanol(10ml) &4-& H7}8 of WA5=
Az gAS RFAZT 3~58 oo e g o AW AHFAY FHE]
457 ARG BFE 04T BE § AAZ g =AE A Hzst

o methanol® ether® MAS T AZAZTHScheme 1).

C=0
Ln(NO2)3-xH 0
CH;OH/rethx
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C
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Scheme 1. Preparation of {LnaLy,(NOsz); - 2H-O} comlexes.
Immol Ln(NOs); - 6H20{Ln=Pr”", Sm"’}
ldissolve in 35ml methanol
ladd Immol 2,6-diformyl-p-cresol
vellow solution

drop 97% triethylenetetramine(1mmol)
dissolved in 10ml methanol

orange solution

reflux

off-white cr}'stl{lline precipitate after 3-5min.
l reflux(10hr.)
filter(while hot)
crude product

wash with methanol and ether
drv

LnoLsm(NO3). - 2ZH:0

5) ALnoLim(NOz), - 2.0} - auxiliary ligand 382 A

0.53698mmol  Ln:Lin(NO3); -2H-0€ 50ml H:0° =3 &do} NaX T84
(4.5584mmol NaX/20ml H.0)& H713lt}, o] Aoz A& A fog 50T
A 1241 @b Fol AL BR(12417HA1ZE o] RS Al 1Y AT A3
ggol FHPES Austz H.O9 ether2 AHEH o714 g 2FEL o

200ml methanololl A7}sln 308 AE Ho F oS methanol &uljo] 7184 2
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m!

284 HYEE 2B 144 BTB(QA)S WA HEAA Qe YHEH
284 HURS A2 ether2 AT o)9 To| P AHBL B4 5o B
837] 9datel

i

st A AFA] 71K Scheme 2).

Scheme 2. Preparation of [Ln:Ly,(X).] complexes.
0.5698mmol LnoLym(NOs); - 2H20
l dissolve in 50ml H-O
vellow solution
drop 4.5584mmol NaX dissolved in 20ml H-O
! {X=CN, SCN, N3, Br, I'}

orange solution

stir and reflux(24hr, 50-70C)

 /
orange precipitate

cool and stand(1d.)

filter and wash with H-O and ether
dry under vacuum

mixture

dissolve ca. 200ml methanol

———— «——

filter
precipitate methanolic filtrate
wash ether slow solidifv by
evaporation
i-LnoLim(X), complexes s=LnoLym(X), complexes
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1. 2,6-diformyl-p-cresol NMR spectrum

CDClol A 2,6-diformyl-p-cresol(DFPC)9 NMR spectrumS ©h3t 2218 9
& YA HFig. 2).

2. Ln(llI)-(20-DOTA) 2t=2| FAB mass spectrum

FErE(Ln = Pr, Sm”, G4, Dv*)-(20-DOTA) Atz 2o AFAHEY
(molecular ion) [Ln(20-DOTA)NO)(H-0)] o] 4 E3= Dlo|a28 X

(o
M
W
R
X
o
o

gatr Aok BAAdele L xaEle] = (exocyclic  ligand)E &3 [Ln(20-
DOTAXNO'Z [Ln(20-DOTA)YH.0)]T EEL 3 A3t w3 o5 ETe 14
9] F7t=E AAEt [Ln(20-DOTA)] ez F  Fo JF4 olgurg

A= F&59 tdd FHAUAE dFEdd 3 o] To A}, 24,
samarium 2HE, [Sm(20-DOTA)(NO3)(H20)](NO3)»2] FAB mass spectrum®l =
YSm B9 L] Babgole [Sm(20-DOTANNON Ol Awstes FHo)zrt m/z
68591 YEbdt m/z 62491 = [Sm(20-DOTA) Foll A3sdle= golart A3
o} T3k [20-DOTA] £l d3sle RS mz 47525 U 5 Uk o] A

& FAB Z7A9A (Ln(20-DOTA))' 9] F&olgur-&o] 93] tetraimine, triimine

u
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-amine AW z7t FAHE ¥ 4 Aok [Ln(20-DOTAR]'E ME=EHNET ZE
(sandwich-like complex)ol] d@sles FolzE Pr, Sm', Gd*, Dv' ol&9] #H%
of 2z} myz 1085, m/z 1095, m'z 1102, m/z 11080141 UEpdt} o]9} e M= 9
AE 2HE-& FAB Ehg oty Eotol gAgdg 't

CH,

e
LS
=
CH3~©€S %BQ}CM

3. Ln(IlI)-(20-DOTA) 82| IR

>
Al
Im
o

#Eo IR 2HEHE U= FF] B4 F+9UE £ It 2919em-1
ol WEl}+=  diimine-diamine macrocycle(H;L,)2l  VIOH) JF457F  La(=20-
DOTA)®] EE &9 ZA$E 3410cm 2ol BEHTh FEoX Ly V(OH)
Agddz7t o & 2 OH F4A7 S22l Bdstz] @& A3 o
Fme Fo]l Hilxel F7 Bad o WL e w9e Ly VOH) JF3} by

¢l F(coordinated water) & ZAAH F(lattice water) %5 7+l A3 Lo 71208
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Aoty Ln* 2E9 V(C=N)E= 1629cm oM 7l g9t F5uz ¢4y

i

o

Ho

HiLx Atizg izt=el A vad of Ln’-LydlA V(C=N) JFL © ©e d
Wz 2oz o]Fd Ho|t}
289 IR 2HEFY oA VIN=0), V{NO2), V{NO2), VINO) #F3sl= F+

w= Z}z} 1,483~1,485cm™, 1,290~1.294cm™, 1,031 ~1,036cm ™, 815cm ‘ol A Q13
5 4 ok 2 gl BRI 4 g F4o ho 28] AE(~200cm™) nitrate
[e]

of 4R Lotz ¥ HEXE L NOyol T #TE(bidentate

ol

ligand) W12 9L & £ Ut} 1384em A FFade 23 d(counter
anion)oll EA3tE ol24 NOsY =S¢ sttt F7t§AT 3 FFu47],
538cm ™ )E W9 F(coordinated water)®] TEol U rocking mode®t wagging
modedll 711&t}h, F3H ZApo)| 3l rocking vibration modedl F-&3= F5 9

= 49%cm ol #AE 4 Qloh ! (Table 3)

4. Ln(I)-(20-DOTA) X82| {AEAM

A4EA, a8jn Hegd ~HEY ZAFAEZRY 34E 245t Table 49 3

2 st ot

5. {LnzLs(NO3)s - 2H0} - auxiliary ligand ZtEf=2| FAB mass spectrum
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Table 4. Elemental analyses for the Ln(Il)-(20-DOTA) complexes
(L2=20-DOTA).

compound ' observed(%) j calculated(26)
(molecular formula) C H N  C H N

[PrLx(NO:)(H0)J(NO2)2 - 2H-0 42.34 3.46 11.26 | 43.15 3.38 11.73

[SmLay(NO2)(HX0)J(NO3). - H:0 42.99 3.47 1158 | 4269 3.34 1161

[GALA(NO2)(H:0)J(NOx)» - H:O 4291 3.79 1132 42.30 3.31 11.51

[DyLa(NO:)(HA)H(NO<)2 - H.O 43.38 3.71 1151 ’ 42.04 3.29 11.44

FAB mass spectrum® £9°]2% (negative ion mode) 3T
HEHS I8 F YA, Fol¥(positive ion mode)e] ALoE ZTnmzs 7

24 @+ Atk 49 HEE Bl Barl YoluAw fARRAA

>

}

o] 2 (pseudomolecular ion)& TR T 2= 9t}

e
|

AREE {ProLom(D2ANO)(CH;ONCHOH):} 3829 mass spectras® AW B ™
olml o]2g mz=128191A A = ok o] FFBeIAM FYP= NOy &
bidentate2 Z&Fo 2 2t FHojo wjdFE 10 o HOZ =& 2+ o}
T Yo ZINC3244%, Ni9.28%, Hid43%)9 A P2 AA
(C:32.10%, N;991%6, Hi4.4196)8 ®lw - AESHH, oS8 A3 3 dxges 4 4

kR

2

th 2022 2 {ProLyn(CHOHMNOY) | {PrLym(CHOH)Y, (PraLyn) o) A@ats
HolZ7F m/z=993, 860, 8334 UElES 4 = AUtk Adzal 2z%E L, T o
o] 172 ERe #Fstes RS miz=355 288414 HAE 4+ Uk PrO- E oxo
cluster= m/z=316 FZdA HEEZ + Ut}

B N/_\N/—\N/_\

NH,

CHy o



2+ 2FANM AxF 33E, ProLy(CHOH)(H-0)(Br)«(NO2] mass spectrumol]
A EAgelRe] FolaE miz-12152 8 FAF 4 glen o] Zel g Enl i
ETHCI30.95%, N;9.41%, Hid50%)9k AAFA (C;31.76%), N;10.4%, Hi4.3%)2 ] 73}
H 4EE] F dAEE 4 5 Atk double sandwich-like structure 7} FAB mass
spectrum ZAANA EAFLE m2=1373, 14092 5F Q=& 45 9o}

°f FFIAME Ly, R ol9f 12 Extol 2] o)A} m/z=545, 2880 A TEE
T AT oxo cluster PrO’, PrO., Pr.Oy Zo] AHLsl= mo)as m/z=157, 316,
33201 A gd = Qo

(SmLim(SCN(CH:0)(CHiOH )} 35HEQ) Aol Ex4 ole Toja=
m'z=1171°04  #28 £+ Qo8 (Smul,(SCNI(CH:OWCHOHY, (SmoLy,,
(SCNIF Z22F2 m/z-1,066, 903904 208 4 ok d4d=13 Adza 2te
(protonated ligand), {HiL,.}'ol 4@sts Fol2E m/z=5499) eh}™. FAB
mass spectum £ A F0|Z 2 sandwich-like complex{ (LymSmoLyn XCH30H)-}
ZAE mz-14682 % E AN 5 Utk m/z=288l M= Adne) azr=(L,,)el
12Egte| ggsls Ao vehdt)

H
CH; — O—- —Sm Sm-— O— CHjy
H |

0] i}@'%fﬁ] 751—?—01] Sm‘_’—me 31__% Sm—me ZIL%OHA_] Sm‘o’] %%%i %ZHH]

Lo
e



(natural isotopes 1"“'Sm=3.15%, 147Sm=15.09%. 1"8Sm=11.35%, S m=13.96%,
"Sm=7.47%, "Sm=26.55%, *Sm=22.43%) = A3} T (Hil,, ) W2 T
ol2 F&(cluster)?7} FAETH o] A2HEHNA JEIG 37lx) EMo g r}okal

oxo cluster24 SmO’, Sm:0O-', Sm30;” $°] m/'z=171, 338, 52601 A =& 4 ¢

o},
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manganese(lll) carbonate2FE Az23 HF FA3l Mn0-9+ 26-bisthydroxy-
methyl)-4-methylphenol-& 300ml chloroformell A gAY oz wrSo] 4L A3
e 24 26-diformyl-p-cresol(DFPC)E A3t Sith.

d&lA 26-diformyl-p-cresol® 1,2-diaminobenzene® acetonitrile 2% © 2 B g
Lo (=Pr”, Sm", Gd*, Dy*) Az 2L FAHAY. 15 AN L8 g
F(D 2=, [Ln(20-DOTANO)H.0)(NO3): - nH:05& B2 24 23 3ge
ol olmf Aol A4 FAYR 4Me A2 FALR 270, bidentate
chelating nitrate ion9] 42t2Qz} 2Elm B227F Ln' o)L Aoz N wlg
T 97t H FAEE ol AAH 9 dAH AL B2 Y 5 Ut

2,6-diformyl-p-cresol(lmmol), 97% triethylenetetramine(lmmol), 21@]3 lanth-
anide(Ill) nitrate hydrate(Immol)& AL methanolic solution|A] Hasle =
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