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Synthesis of Lanthanide(Ill)-Macrocyclic Complexes
for the Removal of Inorganic—Organic Pollutants.

Jong-Chul Byun®, Goo-Cheol Kiml), Shin-Bok Park
Dept. of Chemistry, Cheju National University, Cheju, Chejudo,
690-756, Korea
YHanil Vacuum Machine MFG. Co., Kyungkido, 420-110, Korea

A facile and direct preparative method of 2-hydroxyisophthalaldehydes
from 2,6-bis(thydroxymethyl)phenols using activated manganese(IV) oxide
is described. The resulting material was chromatographed on silica-gel
column eluted with mixture solvent(chloroform : ethylacetate = 10 : 1).

The homodinuclear macrocyclic lanthanide complexes were obtained as
compounds of the 2 : 2 Schiff base formed by condensing 2,6-diformyl-
p-cresol and triethylenetetramine by a template procedure using lanthan-
ide nitrate. When reactant methanolic solutions were concentrated the com-
plexes were deposited as yellow microcrystalline precipitates, Lnzlsm(NO3)q -
nH20(Lym= bimetallic macrocyclic ligand).

Treatment of Pr(IM)z-, Sm(IM)2-Lem(NO3)s - 2H20 with SCN’, Br’, and
I' in H2O results in the formation of [PraLem(NO3)2(SCN)(CH30H)2INO;3 -
xH-0, [ProLom(NO3)(1)2(CH30H)3(H20)2INO3 - xH20, [ProLem(NO3)(Br)2(CHs-
OH)2(H20)INO; - xH20, [Smelim(NO3)(SCN)2(CH30H)6INOs + xH20, and [Sme-
Lom(NO3)(I)2(CH30H )5(H20)2INQ3 - xH20. These pure complexes are colle-
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cted by suction filtration from methanol solution of crude products. The
ability of this macrocycle to coordinate with all the lanthanide(Ill) catio-
ns despite the differences in their ionic radii is attributed to it's ability
to fold according to the geometrical requirement of the metal ions and to
the steric demands of exocyclic ligands.
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hioroform : ethyl acetate(10 : 1) &
g8ul2 Fase HAxA7IE uge

- )
EA4EE 9 ¢ An?

3) ol FEF(M) Adiz 2AE
{LnzLom(NOs)s - 2H,0 ; Ln=Pr’’,
Sm*'} §4

Lanthanide(Pr't, Sm®") nitrate(l
mmol)9] methanol(35m¢) §Noj) 26-
diformyl-p-cresol(1mmol, 0.164g)&
HA7beal 558 wrtA rdgg. o
7]oll 97% triethylenetetramine(Immol,
0.151g)2 methanol(10m¢) &R/
7he o) AAE= HPA gols g
FAIZITh 3~5% olujo ut@ el Ay
= © @9 A44 AL FAyY
71 A& 355 104 A% ¢
AAGE g AL AN o3}
o] methanols} ethers AA 31 A
2A1 21 tH(Scheme 1).”

2 H;N(CH});NH(CH;),;NH(CH);NH,

_Ln(NOy); - xH0
CH,OH/reflux

o \N,—\w

N —*vl n
H;C—/C\)\)«oi' § /o_q@v-cm
H\:N S ' / N /;’_’“

Scheme 1. Preparation of {Lnslem
(NOg)s - 2H20 ; Ln=Pr’", Sm®"}
mplexes.

Cco~

Immol Ln(NO»); - 6H2O{Ln=Pr**, Sm’*)

- dissolve in 35m¢ methanol

»add 1mmol 2,6-diformyl-
p-cresol

v

yellow solution

- drop 97% triethylenetetramine
(Immol) dissolved in 10mé
methanol

\

orange solution

- reflux for 3—5 min

N
off-white crystalline precipitate

* reflux for 10 hr
- filter(while hot)
v
crude product

+ wash with methanol and ether
+ dry under vacuum

V
LnaLem(NO3)4

- 2H0
4) {LnoLem(NO3)4 - 2H20)-auxilia-
ry ligand 3 E TA

0.5698mmol LnsLem(NQO3)s + 2H 0
50m¢ Hx0°l %2 ¥ NaX +84(45
584mmol NaX/20m¢ H:0)& A7}
ooy Aog de EHga goag
50Tl Al 12A1zF wyk Fo] A& &
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1. 2,6-diformyl-p-cresol®] NMR

e

CDCli*}  2,6-diformyl-p-cresol(DFP
)9 NMR 2#€E®2 st F Mz
29 & 4dAF A (Fig. 1.

2. FF oY gEF AE2Y IR &

HE g
Scheme 291 93] 92 is-LniLbm
(X)n ZFEANAM Ading =9

g e FAALEAA

.=.,~ A= %F %A (stretching
mode)oll 3@ A3 FF 559
(absorption peak ; 1,630~ 1,640 cm™)¢]
EA 9ot FA¥ + Ud. m
Sl 93 . =,., NH: A 7]
date F THEE HEAAM BF
2 st 1,545~1,550cm ol uhEl
b 28 EFrefas dHoER
(chelate ring)9lA imined ¢ con-
T FEH o)A

jugation

Y484 Q= A (phenolic spec-
ies)?] 54 ol &o|cH(Fig. 2~4).
Scheme 2. Preparation of [LnaLlom(X)n]
complexes.

0.5698mmol LnzLem(NOs)s + 2H20
- dissolve in 50m¢ H:0

yellow vsolution

+ drop 4.5584mmol
NaX dissolved in
20m¢ H20

y {X=CN',N:,SCN’,Br ,I'}

orange solution

- stir and reflux
(24hr, 50~707T)

v
orange precipitate

- cool and stand(lday)
- filter and wash

with H20 and ether
V- dry under vaccum
mixture

- dissolve ca. 200m¢

methanol
- filter

N

precipitate methanolic filtrate
- wash ether - solidify
slowly by

\ evaporation
i~LnaLem(X)n s-LnaLim(X)a
complex complex
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Fig. 1. NMR(60Mz/CDCly) spectrum of DFI’C
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B E nitrato-3EL vy % oA
nitrate®] 543 JFFHUE HAF2
itk 1,450, 1,230, 1,030cm™ ¥ o]
velvdes E9 F5odes 44 F1
2] # 7 o] E.(bidentate chelate), nitr-
ated v (N=0)(v1), vaNO2)(v2), v
{(NO)(v3) AT #A/N A, FE
9 8l5cm A BEHE FFUE
FA8 =, NOs 9 4ol ni-
trate®) 7|& AFAF #F 2]
(4 v=vi-v2E FAE (monodenta-
te)o} Fxel Y OJE, nitrateE T
|3 ¢ 3l 7Z1F9] ¥4 nitrate ©]
29 w9t #AYZREH FAE F
& rt}g8)t=(bridging ligand)Z ¥
& o, 4vE F713d [Table 1]9
A g F de RAAY gvge]
A} (=220cm e FEE FHo| e
nitrateo] 29 A& QA7 e A
A4 AYH T wWHJE 9
o) &}, wpbgk 8 ¢} A (outer coordinat-
ion sphere)o] EA3= o] &4 nitra-
ted] EAL 1384cm™ 2N #F
ga?

dutA 0 2 470, 545cm™ F2A
Uetuye Aoz dilgn ¢ {4
g WY A9 F$ EF IF
vk 2] (rocking vibrational mode), &#
&5 A% (wagging vibrational
mode)ol 7] &k, 2, o]} &
Mg HAdad, $& o= (400~
600cm HolA &dE FF2¥EYS
dojol ) Z A 4(lattice water) ]
#$ &5 AT g FFE
cm? 2HAN gy F YOV

3. 1& YA &4 (fast atom bom-
bardment ;FAB) A% A#HEY
(mass spectrum)

TE ZE9 FAB AF2¥YEHL
A4 o] 2(molecular ion)& X ¥ 3
%(Fig. 5~9). #A40)&& E97]
3} 4 (fragmentation)ol] 2l3] 129 &
= (exocyclic ligand)& o2y
Euto] &(fragment ion)g PAdc}
FH0l2 % ¥R e FAAME
F49 Fols FHHLAd AIEHe
3 x99 F5E7F AR (Table 2).
samarium 2E4ME FHHAL™Sm
(3.15%), ¥ Sm(150900), " Sm(11.36%), *® Sm
(13.96%), ™ Sm(7.47%), "® Sm(26.55%),
™ Sm(2243%)0l 71 E B9
B A (cluster)7t EZ&A FFEH. &
48 gastn Uds EFoldo] F4
o]22 & Wit {Lwm(nSolvent)}”,
{HaLom(nSolvent)} ", {HiLsm(nSolvent)
+mH}" o2 WY A, oy
¥ FAEY F$ FAB UM &
& o] &yt & (demetallation)©] ¥ o] ‘—l- =
5 Ading == PSS
d27th  {HiLem(nH:0)+mH}" (n=0,
4, £L&6) Y BAHL Lum9 azom-
ethine groupe] 7} EHE& oA A
fugle] FAIAH Sdutgo] dojd
qEA A ¥E HERA #AY
o] carbinolamine “+XA LumH:08
gA4E gA e Aol
sandwich-like  complex{Lnz(Lbm)z,
Ln: @&% F&olg)d 43sc= ¥
9217 FAB AF2HEH M aF
gt o]¥  sandwich-like compl-
ex< FAB E%47] 3 A (fragmenta-
tion process)&¢tel FAHHAE Ao
g} 91
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Table 1. Characteristic IR absorption bands(cm™) of the lanthanide{Il) complexes of Lew

macrocycle coordinated exocyclic ligands ionic nitrate ion lattice water
complexes nitrate ion .
v({C=N) v(C—0) v (NOy) v (H0)
v(IN=0) v +(NO?)
(PriLan{NOsXBri{ CHsOHR( H:0)INO; + xH:O 1641 4 15552 14487 12846 1316.4 5077
{SMuLan{ NOHSCNIHCHOHWING, - xH0 16434 1542.2 14534 12288 1386.7 4982
[StreLam{ NODHACHOH ) HORINO: - xHO 16382 15432 14544 12294 13845 453

Table 2. Mass number and abundances of the naturally occurming isotopes.

mass relative mass relative
eleme lement

n number abundance | © number ___abundance
Cerium 136 0193 | Terbium 159 100.000

138 0.250
140 88480 | Dysprosium 156 0.052
142 11.070 158 0.090
_ 160 220
Praseodymium 141 100.000 161 18.880
Neodymium 142 27.110 162 25530
143 12170 163 24970
144 23.850 164 28.180

145 8.300
146 17.220 Holmium 165 100.000

148 5.730
164 1560
Samarium 144 3.150 166 33.410
7 15090 167 2940
149 13.960 170 1488

150 7.470
152 2650 | Thulium 169 100.000

154 22.430

Europium 151 47820
153 52180 | yyerbium 168 0.135
Gadolinium 152 0.205 170 3050
154 2930 171 14310
15 15.100 172 21.820
1% 20,600 173 16.135
157 15700 174 31.840
158 24500 176 12.730

160 21.600
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