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Abstract

A facile and direct preparative method of 2-hydroxyisophthaladehydes from
2 6-bis(hydroxymethyl)phenols using activated manganese(IV) oxide is discribed.
Lanthanide(IH{Ln = Pr®", Sm®". Gd*". Dy®') complexes of the 20-membered
dioxatetraazamacrocycle(20-DOTA) are synthesized by the schiff base condensation of
2 6-diformyl-p-cresol with 1,2-diaminobezene in the presence of lanthanide(Il)
nitrate hydrate at ambient temperature. Discrete mononuclear lanthanide(Il)
complexes of the type [(Ln(20-DOTA)(NO3)(H20)](NO3)2+ nH20 have been syn-
thesized in the solid state.

The equilibrium constants for following reaction in CHsOH

CH3sOH
(Ln(20-DOTA) (NOs) (H20))2* ——— (Ln(20-DOTA)(NO3) (CH;OH))*" + La™
K .
<+———— (Ln(20-DOTA)(NO3) (La))* ™"+ CHsOH

La = CN’, SCN’, I', NO2, N3, DMSO

have been determined at ambient temperature by the UV-VIS spectrophotometric method.
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@2 FeZ(lanthanides) Adizz Z&
{macrocyclic complex)& RNA9] %o Agt
(catalytic cleavage)'”, WAMd WA g
(radioimmunotherapy) ¥, =iy wd
41337154 (radioimmunoscintigraphy) -,
FHz BHE FE ARE(positron emission-
tomograpy)®. WA oHAl(radiopharma-
ceuticals)”, #7] 29 94 (magnetic re-
sonance imaging)dMd Az Z7ZA(co-
ntrast enhancing agent)'” &0
NMR o]%‘)‘lo_}(shlft reagent)(12),(]3).(]4).(15)‘
ol Az QA kol & (biological cation)®
od gk NMR °o|% %2 €34l (relaxation
agent)'™™ U7 g@lm @ W BA(u-
minescence immunoassay)olA @33 HX
Al (luminescent label)'®-19@0 =0 &
TFEotol| SL3| o]fH R Ut EF FHol2
o) RAE P o)EA (chelator) 222329
3 FRF £y000.00 2o Ay az g
Wete opdstAl d7sxn o

Eu’", Tb®" ofgo] @t (chromophoric
group)< AUz Sle ¥y ic=
(cage-type ligand)®} 3323 Y&z 3l
< ", o]EL A& LEM J¥E o
ol &AEojAl F&e LBL “antenna
effect” — FF (=) 9 F&(F&0)2) 4
& WEsn U& 9 F<4(absorption)-°l
YA o] % (energy transfer)-¥%(emission)
o] g FEY Y —of g3t Ehd
t}. o] HFNAM G| Joste Foz
€ AA = FFA7], BA Uy F
€22 oUYX] o]%F(ligand-to-metal energy
transfer)® &&A4, 183 AAzZ F59
W B4 58 A4E F U dAAR
ATE FE Fo 409 LHNGEHE XFsn
RewAM AGd Adne] FHEo] B3
gL dte Aoz LA gt} o9k 2
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B AFENA B EAL B3 (nonradiative
decay)}’t ob71€®t}k. a3y, oy HEE
AME R 7H e EBoA Eilgozd f-
uorimmunoassay(FIA)olA &334 2 (lumi-
nescent label}e] ZX o2 JgEH B L o
&3te AL Egsd. 2.2 -bipyridine
(bpy)E EFstn e A AwrEA 1.10-
phenanthroline{phen)°] 7}Ix| 2 ZAg =] gl
= 8= Lpn(1)9 Fa3 2o ZoM B
=2l et & ¥ CHs;OHAM #EA
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CH;,
N
N /7 \ ¥
\ ./ _
N7 X
|
Z N N F
|
N
N _N N
7 N\
N N\ 7/ o
|
NN,
1

o3, bpyE uiEtoz @ vl7Ud zt=
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Age g 2

Ading 2=x @¢Z(lanthanides)
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Pr(@)-, Sm(I)-, GA(W)-, Dy(I)- Atiaz2| 220 2xa|zte Zio| &i5tHy

properties)ol PlXe = A9 F=9
FHste] G oldisted FFHo, <t
Ag F2FH(mM) 2L YA3te Adng
U PGz JER FFol2(rare
earth metal ion)8] WA E A= UA @
:r‘?'f}_:_ oldl AEBE Yele FAG HHE

2 tztxg olgd & gt & RE JIBF
III) ool AtHF FHEZ FAE F Se
E4g 72 Adzel s 1te F8
A3 Hololt}, ZFW-AE WY (lateral-head
unit)ol WEZ (aromatic ring)el A
o 9 AN 2+2 Adzel's BT /&
AE depd 2ok ol AwE HAFA
(aliphatic precursor)2%8 #=%8 ZHT}
9 g #HESE FAIHG. d=2M 20-
membered hexaaza macrocycle, Lao
(=20-DOTA)(2)& ZAthe]&(counter ion)
3 Agzye] HAGF 2§ stelA SEF()
ol AES FATT

CH;

Hj

au, o] AEeA FHo]e e ¥
MY ATe FEF AEE T3l G9IFEA
gy 2

TEE(I) Fole 7l o ALY #F
AN $Zoz ZFE P27 R, oS
o A B4x ®H3Ig. ==, =2
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(hard)- ¥ ¥&(soft)-¥7] 4FAL YeRY
e a9 24 FAYAHdonor atom)E
A Az e Adzag #T=(oxa-
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23 o dFF AEL FAY Aotk 1
AN, Adzzly Y T ZFdd 4EgS
W Esl: 2+ oxaazamacrocycles E&
S2(m) Jdoled Wed + e vs =
=A ol

B Agcde 43 2 ol deE Adixn
g B To A didd FaF 2.6-
diformyl-p-cresol{DFPC)E 271 A& o
g WS Al=3lgc. deE HolgH
(M {Ln = Pr(Il), Sm(I), Gd(I), Dy(I}
20-membered dioxatetraaza macrocycle
{Lao=20-DOTA} ¥ (Ln(M)(20-DOTA)
(NO3)(H20)1(NO3)2 5 A3 B4 2
B & AP o o &2+ CHs;OH
g o] g3l dY ¥ B oyt BE
2= (auxiliary ligand : CN’, Ng,
SCN™, NO2, I, DMSO %)%t9 3&urg
BAL =9 Ao},
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1. alcoholZ%¥} aldehyde ¥ ketone
o7 Ykl W3aA

2-hydroxyisophthalaldehyde #X#+
ol 2438 Y% Avlne o|AFEEHE (ma-
crocyclic binuclear metal complex) |73
Jd /4% 3dFEoltt. Z7]dl aldehyde®
#4742 Ullman's methodel wzt 713
goon olF 3GAZ Uxo n&IE = 3l
o}

(1) 2.6-bis(hydroxymethyl)-4-methylphenol

—» tosylated diolZ @



ERHBRR

sodium dichromate
(2) tosylated diol >

tosylated diformyl compound® 43}
(3) sulfuric acid A2 23
ol Wi MR, BHFE F&o] wrh Y
#HZ9= Firouzabadi® #4433 o] o]45
71= &}t Condenser® A& £7]1(100ml)
o alcohol(0.01mole)®] ¥ benzene (30ml)
£AE Alzgict, o7le] barium manganate
(0.05~0.1mole) & H7}3tm 24A13F &FA
L 3ol A MFEHRES Ao} A
£ & dichloromethane2 2 53] A% A3}
o, o] o d& AAdn 27 AL Falo
FEAZG. A7 de 232 silicagel
column 49X benzene2Z& ¥ig . Fws}
o FFg YHES 5P,
T3, Mooree B33 2
diformyl-4-methylphenol&

Hog 26-
bk 4=
p-cresol(25g)2} hexamethylenetetramine
(25g) € &4 e L2 3l P05(114.0
g)% 85% phosphoric acid(136.0g) &%
ol Wt o] i 2%+ 160TCE #A8}
VA A A mafol ok SHF THE
2 Az dgd LEEES ol &3y den
2l @A 7l g4 (150mD)E H7gc).
ol 37 FTFH o i AF A=
Al Fo IR € 5e3H(130~132TC)& &
et v mgc},

2 =F9d4+= Taniguchi’'s method® +
A 5’_943]-01 SN 1529 aldehydeH
FFES 2 F AU, ©o] Ao salicyl
alcohol salicylaldehyde® AFIA|Z w] o] &
3= manganese(lV) oxide® %57) Y3ld &
< 8§ 7Igofol ot F, AslAgled 2
8% #HA 843l MnO:¥= manganese(Il)
carbonate® 295CdM 79 #Agozy Az
g & Atk B AddM de o] HFEL
NMR spectrum® mass spectrum22 9
6}%1:}‘.(3:]
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CH3OH &dor Zo] wigld g4
Adne) g »
La) éi}l&o S
A £ ot

Ze}lt=(auxiliary ligand,
drtzozg (1) (2)Xeg

CH30OH
LnL(X)(H20) —— LnL(X)(CH30H)
(1)

K
LnL(X)(CHsOH) + La ———————»

LnL{(X)(La) + CH3;0H
(2)

Ko
LnL(X)(La) + La 4————® LnL(La):
(3)

of W H4HYL noiaw

[ LnL(XXLa)]
K= [LnL()r(l)(CH3OH)][La] (4)
B [ LnL(La),]
K= TLaL(X)(La)l La] (5)

()8} (5)2eg FHE £ v},

YA g o FY = (absorption)d 2o
(6) L ol &3td HEYYF K& deF o
t}.

1 1

= +—1
ET— & K\(e;,— gyl Lal &7 &
(6)

B)2elM g9t £, 2 Z2F LnL(X)(CH3OH)
7 LnL(X){(La) &9 2&3AFolx, e & B



Pr(I)-, Sm(@)-, GA(1)-, Dy(I)- Hcix2| &2 Sx221c 2io| #5UyY

zZtze % WHild g g EFF
AlFolty, T3 BZEI|UPEY FEE o A
A o (7)AE E3d Lazt v of A%

& K2 9% 5 U

(e T—50)+(5 T_el)Kl[ La]

e 1[ La)®

:Klefz‘L‘Kle (7)
ET
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1. A1k g A87]7]

B Ao o] &3 A2k Aldrich, Merck
Z 2 Ficher AE$ AL&3ct. #EES9 &
ol BAE 97 Ya¥H, HAFFAHEY,
AgAded FHAM(IR)2HEHRES #Z
Elementar Analysensysteme GmbH
Vario EL, KONTRON UVIKON 860 UV
-VIS Spectrophotometer, VG70-VSEQ
(VG ANALITICAL, UK), =gz FT
-IR spectrometer{Bio-Rad FTS60)& Al&
st AF2HEY £ FAB condition
©2 FAB source®t Matrix& 35keV Cs”
ion beam3 Glycerol® AH&8t¢th. DFPC
E #9937 ¢3led HEWLETT PACKARD
GC/MSD 5772A% HITACHI FT-NMR
(60MHz /CDCla)& ©] &3ttt

2. ¢4y

1) manganese(IV) oxide A&
2.6-bis(hydroxymethyl)-4-methylphenol
szte] ded HA AP MnO: AZEE

- 33

manganese(H) carbonate® H712(29
5C)NAM 157Y3 7tdg ez 7Hssitt,

2) 2.6-diformyl-p-cresol(DFPC) &4

300ml  chloroform®l  manganese(IV)
oxide (80g)%} 26—bis(hydroxymethyl)—4-
methyl-phenol & ¥ fZHZ TE F A2
A FAeT. o EFES AT A= unkdt
A phenole %28 494 A% Ao & o
Lo At de AHEE chloroform2
2 AAsA AR o] w chloroformE vl
W 200ml2 33] ol AA¥T HE: oY
(filtrate)® 33] o]’¢e] A3 A (washings)S
Fgatd A7 A =T A7} Rol3t
Al AP olREL silicagel columne %
3l chloroform : ethyl acetate(10 : 1)
Eerlg Bdld HEAIE aex A
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Fig. 2 'H-NMR(60Mz/CDCls) spectrum
of DFPC sample.

GC/mass(Fig. 1) M/Z 164, 136,
118, 107, 90. 77. 'H-NMR(Fig. 2) : &
11.332(1H, OH), §10.087(2H, CHO), 38
7.620(2H, aromatic), 62.219(3H, methyl)

3) [PrLzo(NO3) (Hz0))(NO3)2 - 2H20 A

DFPC(1mmol) acetonitrile(35ml]) &3}
Pr{NO3)3 - 6H20(0.5mmol) acetonitrile(15ml
) &A4E EFF Aol 1,2-diaminobenzene
(Immol) acetonitrile (25ml) &4& #7138
oo EFLAE Mo, g 7ol Wz
(=8 - 24 — 33 F24)71 A=Y
308 ol & 7 Aol £7] 7l A
257] AR 6A AE o 848wk
2 Foll 2 YA ES Eeldld acetonitrile
o} chloroform®.2 33] ol4 s Zo] A%
o} o] 44EL CaClx€ ¥& vacuum desi-
ccatoro]l ZE - B@FHUA ghukgo) o] &
i (Scheme).
Anal. Found C., 42.34: H, 3.46. N,
11.26 Cal. : C, 43.15. H, 3.38: N, 11.73.
FT-IR(Fig. 3) : 3,417.9(b,s. v (OH). macro-
cycle), 2,924 .1(w:v(CH), macrocycle).
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1.629.8(sp,vs: v (C=N), macrocycle), 1.545.0
(sp.siv(C=C), macrocycle), 999.1(w:vy
(C-0). macrocycle), 1483.3(sp,s:v (N=0),
coordinated nitrate), 1,290.4(sp,s: v .(NO2),
coordinated nitrate). 1,030(sp,w: v {(NOs),
coordinated  nitrate), 815.9(sp,w: v (NO),
coordinated nitrate), 1,384.9(sp,vs: ionic
nitrate), 496(w: ¢ (OH), lattice water),
536.2(w: o «(OH), coordinated water), 470.6
(w: 0 (OH), coordinated water). FAB-Mass :
m/z 1085(Pr(Leo)2’), m/z 690(Prlzo (NOs)
(H:0)"), m/z 611(Prleo). m/z 475((Leo+
nH)™)

4) {SmL20(NO3) (H20))(NO3)2 - H.O &4

(PrL2o(NO3) (Hz0))(NO3)2 - 2H:0 439
I frASHA S8 gt
Anal. Found C, 42.99: H, 3.47. N,
11.58 Cal. : C, 42.69: H, 3.34: N, 11.61.
FT-IR : 3,415.9(b.s: v (OH). macrocycle),
2,924 1(w: v (CH), macrocycle). 1.629.8
(sp,vs: v (C=N), macrocycle), 1,546.9(sp,
s:v (C=C), macrocycle), 999.1(w: v (C-
0O), macrocycle), 1483.3(sp.s: v (N=0),
coordinated nitrate), 1,292 .3(sp.s: v,
(NO2), coordinated nitrate), 1,031 (sp, w:
vs{NOz2), coordinated nitrate), 815.9 (sp,
w: v{NO), coordinated nitrate), 1,384.9
(sp,vs: ionic nitrate), 496(w: p.(OH),
lattice water), 536.2(w: p.(OH). coor-
dinated water). 472.6(w: p,(OH), coor-
dinated water). FAB-Mass(Fig. 4)
m/z  1095(Sm(Lz)2”). m/z  703(SmLao
(NO3) (H20)"), m/z 624(SmLso), m/z 475
((Lgo+nH) ™)

5) {GdL20(NO3)(H20))(NO3)s - HoO 4
(PrL2o(NO3)(H20))(NO3)2 - 2H0 &4
3 fAbsH AN B,
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Fig.3 FT-IR spectrum(KBr) of the (PrL2o(NO3)(H20)])(NO3)2 - 2H20 sample.
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Fig. 4 FAB-Mass spectrum of the [(SmL2o(NO3) (H20))(NO3)2 - H:O sample.
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Scheme. Preparation of the (Ln{20-DOTA)(NO3) (H:0)J(NO3)2 - xHz0.

MnCO;
heat(295 - 300°C, 7 day) H
CH,OH ¢o
MnOZ
CH; OH > CH; OH
CHCly/stir(3day)
CH,0H C=0
I
H
2,6-3is(hy}?r;)xgmcthyl) 2.6-diformyl-p-cresol
-4-methylphenol (DFPC)
_| .
X
. . N1/
Ln(NO;); xHZO/acetomtrlle= CH; 0—Ln—0 CH;
1,2-diaminobenzene \
Y
N =—
[Ln(20-DOTA)NO 5)(H,0)I(NO;),» xH,0
Ln = Pr(IIT), Sm(III), Gd(I1I), Dy(III)
X = bidentate chelating NO3 ligand
Y = Hzo
Anal. Found @ C, 42.91. H, 3.79: N, (sp,vs: v (C=N), macrocycle), 1,546.9(sp,
11.32 Cal. : C, 42.30: H, 3.31: N, 11.51. s.v (C=C), macrocycle), 999.1(w: v (C-0),
FT-IR @ 3.408.2(b4.s: v (OH), macrocycle), macrocycle), 1485.2(sp,s: v (N=0), coor-
2.924.1(w: v (CH), macrocycle), 1,629.8 dinated nitrate), 1,292.3(sp,s:v. (NO2),



Pr(@i)-, Sm(1)-, Gd(I)-, Dy(W)- AHcinel &2z 2

Felzte 2tel HEHY

coordinated nitrate), 1.031(sp. wivs
(NO2). coordinated nitrate), 815.9
{sp,w: v (NO), coordinated nitrate), 1,384.9
{sp,vs: ionic nitrate), 496(w:p,(OH). lattice
water), 538.1(w. o «(OH), coordinated water
). 472.6(w:p,(OH), coordinated water).
FAB-Mass @ m/z 1102(Gd(le)2"). m/z

709(GdLao(NOs) (H20) "), m/z  630(GdLeo),
m/z 475((Lao+nH) ")
6) ‘DyL2o(NO3)(H20))(NO3)2 - H2O A

{PrLao(NO3) (H20))(NO3)2 - 2H:0 #A2H
3} vl &slAl S gt
Anal. Found : C. 43.38: H, 3.71: N, 11.51
Cal. : C, 42.04: H. 3.29: N, 11.44. FT-IR :
3,404.4(b,s: v (OH), macrocycle). 2,926.0(w:
v (CH), macrocycle), 1.629.8(sp,vs: v (C=N),
macrocycle), 1,548 8(sp,s: v (C=C), macro-
cycle), 999.1{w: v (C-O), macrocycle), 1485.2
(sp,s: v (N=0), coordinated nitrate). 1,294.2
(sp.s: va(NOp), coordinated nitrate), 1,031
(sp,w: vs(NO»). coordinated nitrate), 815.9
(sp.w: v(NO), coordinated nitrate), 1,380.4
(sp,vs: ionic nitrate), 496(w: o.(OH), lattice
water), 538.1(w: p «(OH), coordinated water
). 472.6(wip,(OH), coordinated water).
FAB-Mass @ m/z 1108(Dy(Lu)2"). m/z 713
(DyLao (NO3)(H:0)")., m/z 634(Dyleo), m/z
475 ((Lgo+nH) ")

3. £4Alz 9 F2vEY FF

[ML20(NQO3) (H20)} (NO3)2 « xH:2O(M=Pr,
Sm., Gd. Dy: x=1,2)d4 H,08 Hzxg
7t (auxiliary ligand @ CN', SCN’, Nj,
I, NO2, DMSO) ztel x@utgelr FF
2MEY ZHE AT AELYLE methanol
& gulz  AlREd 2.9994~3.1083%
10°M ®9e Fxz zAFNEY. ol
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methanol &% A XAl o]&Z X (ionic str-
ength, #)¥ NaClOy& p= 0.1°] HE%H
st @I o HEyH FL 4
(hard acid)el2Z, o|&& F, O7} AL
9l gest $HHoz AFPY Folzde At
A7 Adine gt=9 4AR ARE 2y
3H 2 Eukge &ol2s H.OET™ me-
thanolel © Bt2& Zelth elA, 3%
AL E 2ol methanol £HeA HAF
FodERdo2RE AEE 2o (5), (6)4
& o] &3t At

v, As 9 2%

1. #eZ-(20-DOTA) Avizal %2
A2 FHoHEY

-y 1

+37} FEE ol 22 nALH R FEA
A g M72e odn k. o5 A
T AR Fo 923, F T ARE A2
A Yae (14 -n) AAE Az e A
7 e Mzg Jegdg, adu, dashd
e (valency state)7]' Aol Y4&EM A
A} o]l Aoy Mzol A Qi T
ZAY 3Ee M2 5EFE Hg Bl
FHAA Qded FFE7] g Yetde
o, o] W AAFAL Ed(crystal field sp-
litting) 2t 2¥-A% B S (spin-orbi-
tal coupling)el © %838tk Lu*® ol&g
A9 g FPE o]l AHEHS AT X
& Z-AY4E FFE0, olw f~f Wojd
oa) Mzol wdEct of Ho|& Laporte
ZA oA Aol ghalol] o AP A
g [FY —’F 21tk

FAZEFE ARl AT of,
°o|EE 345"31 Ze Axp(t= # 2 4
Ayel e "FozRE A= St
a#dAM . Frde JA (A e Adold 2T
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Fig. 5. UV/Vis absortion spectra of Lanthanide(Il)-(20-DOTA) complexes in methano!l
. (a) (Pr(20-DOTA)(NO3) (H20)J(NO3)2 - 2H20. (b) [(Sm(20-DOTA) (NO3) (H20)1(NO3)»
- H20 (¢) [(Gd(20-DOTA)(NO3) (H20))(NOs)2 - HoO. (d) (Dy(20-DOTA)(NO3) (H20) ) (NOs)-

- H2O(Time interval : 6hr.).

Eof Wis) M2 WA gt £, o] o
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71719 33 "% (wavelength calibration)ell
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B FAle AR =g A 93ty
FFg Wwer)

Ce®". Yb*" ol&e /MM dd e 43

2, 84 ffAolRt} o 7§ FFE Yo7
o EF, #eF AEdr P ziRy 2
Fo2 g o]Feo P Moy AHEY
(charge- transfer spectrum)e| 7}s3it}.
Ce'” 8o Fe wg Mo ffrdeEdn
te HMato]Fol o] W Aot P

2 A7 ol4% FEE(I-(20-DOTA)
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Fig. 6 Spectral changes upon addition of
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Fig. 7 Spectral changes upon addition of
CN to Gd complex in methanol.
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Fig. 9 Spectral changes upon addition of
SCN to Pr complex in methanol.

Complex concentration =2.9994
X10°M. ¢ =0.1(NaClOy)
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Table 1. Equilibrium constants for reaction
of ‘Pr(20-DOTA) (NOs) (H20))(NO3)s - 2H:0
with auxiliary ligands at 25T.

Table 3. Equilibrium constants for reaction
of [{GA(20-DOTA)(NO3) (H20)}{NO3)>» -
H20 with auxiliary ligands at 25T .

auxiliary ligands A(nm) Ki auxiliary ligands A(nm) K
N3 400 14,529 N3 400 16.967
CN 490 4,340 CN 440 6,934
I 400 6.723 I 400 1.358
NO:2 410 3.577 NO:2 490 2.563
SCN 400 318 SCN 417 462
DMSO 400 2 DMSO 417 4

Table 2. Equilibrium constants for reaction
of [Sm(20-DOTA)(NO3)(H20)) (NOs)2 - H:0O
with auxiliary ligands at 25T.

auxiliary ligands A{nm) K
N3 402 19.454
CN 490 2,620
I 402 2.350
NO: 490 853
SCN 400 203
DMSO 395 2
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Table 4. Equilibrium constants for reaction
of [(Dy(20-DOTA)(NO3){(H20)](NO3)2 - H20
with auxiliary ligands at 25C.

auxiliary ligands A{nm) K
Nj 450 11,213
CN 430 5.926
I 400 1,004
NO:2 400 950
SCN 410 102
DMSO 425 6
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