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Htol B9 diddel Ha kY ol Zwol: 3712 Awe] @ A
7 HEsol Atk 3 A, DNA porphyrinzte]l A&l wAstn U= 2714 9]

Al w4 - F7Htbd(intercalation) ¥ 2% 2 & (outside binding) - ©]

N,
ke
—

&<t Al (anticancer drug)9t DNAZFS) A3 w802 ol8" 4 9t} S8, of
#  porphyrin  7F3 Al (photosensitizer)o] ™, o] <toll i3t FA3tA x1g
(photodynamic therapy)oll #8&3tA o842 4 <t} AR, porphyrin®] AIDS
of 4%stz ¥HdA(virus), HIV- 1o th3 s JRolats A7 Qo

porphyrin DNAZE WA 3} o]e] Aol pjx= AE olaad 4 gow
kAl DNA 23 g sold = g otk A3 A 4gurs-o DNA
AYADNA binder)®] 254, F4, HAREI} BAF YA A=
(intercalator)# DNA Atolel] FAZAg HH712 2 43228321k A

$A4%E TR W 9y AGelt BN A D S22 FEH ol

CHs
C}{B\I\I R N+
CHY T “Chy

meso tetrakis (4-N-methyl pyridiniumyl)porphyrin(TMpy[4])
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# <742 porphyrin DNA A2 280l gt iy 2o A3 Au: meso
tetrakis(4 N methyl- pyridiniumylporphyrin( TMpy[4])3  o]2] t&  $ % %)
(metal  derivatives)ol  AE 5ol QY ojgn &A g o]l A
porphyrin 22 A2AEE& 2§ BH, s Bessd 2@ Astsetd s u
b b a 4N Ay AFel o5 SS A F QW 2w
Fe kvt EAskA AU o3 =wE g

INI(ID), Cu(I), Au(Il)- TMpyP[4]} = GCAFe]oll 4F9) kg Aozl 4+ g},
Nakamoto®t ©]9] #& AFA5 Ni(ll), Cu(l), Co(lll)o]-&i} £a)4
TMpyP[4] ¥ ole] #&  porphyrin 38 %o Wa] resonance Raman
spectroscopy & 18t t. ©] A $-ol 83814 porphyrino] thksl DNA %3&
el Agher wf A= 54 Wshi= DNA Zg whaolabiz Zo] Ala]
120 Nakamoto 2@ dell A ojeh 2o 2l it 931, DNA
porphyrin & $3-tell resonance Raman spectroscopy?t @3] & ¢lo)
whef g op

53], 84 metalloporphyrin, NiTMpyP[4]7} #419] tiAto] =1 glow
ol 712w g Mol A 4uh9 Helet 68 & el(diaqua complex)e] E3E =
Aztet ol F& Aol acetoned H7IE w4 6 wlY 2o vy} WE}

Z o] ulgh( L4 D(6) )2 porphyrin®] &7 W3S 4 5 Qg o] 2714 3

dEo T FrE M EHAA Soret peakdl AM7I9E 9x — 4 wigE

418nm, diaqua form : 440nm — 7} “Folstt}t. o]9} o] porphyrinol i3t
3 A= Yol24 porphyrin® DNAZFe] AFA %o 8% Ao
& Aol 12fy, porphyrin DNA ZA3to]l 49 ul Soret bando 7]}
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RS doe 4 A7l WEol, porphyrinel 40}A & M(calf thymus) DNA
o Agsd 6 wiFE} #FE Raman band: Aletd Aol 2=
porphyrine] ATH &3 A g o] 6-uf9 w= #asx] ¢S Ao}
<o Nakamoto &% IATAEL nickel meso-tetrakis(2-N-methyl-
pyridiniumylporphyrin, NiTMpyP[2]& %33t t}2 porphyrinol wha] A7
dA9E Stk NiTMpyPRRIZEE 4-, 6-u19 deje] SAo APsp=
Soret band7} 410, 428mmol 4] zkzh vtebdoh aeiu, ole A Aol gE
ol DNACl 49wrgS dov)x = Aoz vajhgg 1?22
cobalamin(CB-L)oll Wi F7|88td ZwojM= 247 (axial ligand)
o ®Wstoll os) Adojd F At dFd S4HL =98 & g} olst pAs}

o organylcobalamin (CB-R)(R = alkyl. alkenyl, alkynyl) — &4} ] 7tx 9
A Y AHdonor atom)7F  “ C 7 Q FEAH — 9o FAYL uAs= o] =

25t tH(scheme 1). A7 B alkynylcobalaming!  ethynylcobal -
amin(CB CCH)°ll & 2]7t=9(source)©. &4 bromoethyneS o] &3}
path Aol me} FA4strt. o] w BEAE22Z A bromoethenylcobalamin(CB
CHCHBr)el ®45]Awt, ethynyl 3§80l ¢48 dgz Felg $ ot
path Boll 9J& AHA FAHdHoZ B8 HestA alkynylcobalaming Q& 24
= Ad a2y, o9t o] cobalamind} ¥HEA|Z w g oo AA)ed
alkynyl &°1&2 Aadd F71 gt wido] oA H NHs= o)gf 2& o2
el -8 gulolth. A NHy:= &3 §4t¢ £ujol, CB-LY corrin %

KX
=



Scheme 1. The three possibilities for the synthesis of organylcobal
amins, CB' R from cobalamins, CB L

wol 79l carboxylic amide groupS WX A7) wEo] o] Lujr}
cobalaminell A G3g Aow dFs 5 duf AlAA cobalaminis Ha] NH;
of BolatA &ajgch RrtH oz NHzoll thsh 50 $=9 s Zolsid, 2
A7k SgEaRE AAIAY Ads] 2a" £ v A cvano
cobalamin 8N A%HH o7 43] FuwAl7|d £A4o] CB CN - UNH;9l A4
=5 28 7 Utk

aquacobalamin{[CB -OH] Cl - 17TH,O}oll A} &3} E(solvate water) =
4 obFo} 2l (axial aqua ligand)¥ ammonia®l 98] 2§50 ammin
cobalamin  {[CB-NH3]'Cl - %NH3- H0}e2 €t o8 %4 ammin
cobalamin& alkynylcobalamin § 4ol A 23&ltt. ammono system® ammin

cobalamin® aqua system®] aquacobalaminolX] =Atelt=i= %58 ojE )



oltt. Zejut, €3 28 ammoniatx alkynyl anionol

& =&oAM= porphyrink Y metalloporphyrin®t DNAZFe] At 2} 8 3}

magnetic resonance imaging(MRI) contranst- enhancing agent™ =" o)) @3}
79 2% 28eHE(model compound)2 A lanthanide - hexaazal18] macrocycle

(I8IHAM : Lm)® 8o tja) wzslz] s oo e 2@ 74z ANs

e FEA

1) lanthanide(Ill) nitrate hexahydrate, phthalic dicarboxaldehyde, 2,6
diaminopyridine®] acetonitrile £ <% ©.
Gd, Dy) Adixzg 2z, [18JHAM

i) lanthanide(Il) nitrate thAloll Hg(ClO4)s

©° 2 Hg(ll) Adlmzl 222 34 s}
lanthanide(I) nitrate 41l Co(CH3CO0) - 4H,0, Ni(CH3COO) - 4H,0

4H 05 Abg3sted )3 e Wy oI Cu(ll) Ni

d o
‘2H:08 ol 83t i) e

&

HE 440l Z4(Ln(I)=Pr, Sm,
28 A3

1)
=2 Cu(CHyCOO) -
(H) Cu(l) HEHJ—‘:L] %ao:

v) lanthanide(ll) [18]JHAM 25228 F£8 HgAste [18]JHAM &) 7h-

‘“'ﬂd

A=t}
v) olir stehE el st 9 A Ag gelsy] 9Ete] QAR A7 A e,
=A%



1. A7] Ax X (electrical conductance)

PlA tghEe] AVHERE EHE Y 71X o)A BHd Adars A
ErE vushd, A SPEE PSR QU= ol £5 AR 5 Uk A
Lo &) Musteld, $4 AdHoz =Ho] 7153 % (quantity)Q) A&
of tial <Adsfol &} Bl A3 (specific resistance, )& 2709 l1ard) A2
(electrode)o] lem@tE M2 Hold U &71(cel)H &¥2] A 3H(ohm)o &
Aol & & den po o= vl A% E(specific conductance, L)o|t}. vl ¥
= #¥l(nonstandard dimension)®] ZA&7)(AA)2 fA AFR)S T
W= o b BA A correction factor. k)] HOZHE AL 4 Q) o] uj
Axe 54 87185 (cell constant)ol #Fat= k= £719 7|51 F(cell
geometry)oll oJ&sch A@PHoz k= Ao RS =H3td [A 1]o) 93)
Add = Adon, o FFEAA(standard cel)ol X 2 4 Aot

M

R=kp (1]
(4 1e 33 ARRH AERL p-1)2 4T 5 At
_k
R -% [2]

Ares §7173F, kv 002M KCl £9{HAE X, L = 0002768 ohm (25T)}
o AEgS FAst [A 2]12RH 7 £ A dEEE 2% Wsto) Ty
o8 g 2xE YA A Adtd FFo 2xE £005T o
HE FAHojof gt} AP0 o] 8T U4 4E U4, REYS ZAFoz Y
S HAEEE AMY £ Uk d7]A FA X = (molar conductance, A)
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Imol(Z-2 3}8t21 % | formula weight) 8 A& ¥3st1 U= lon YA &

Ao} ek - & nYsl: AL F83IY HAEE, LL o QA L9

~

Arrolmng 84 B9 AEEE lon Y0 EAstE B42 12 YEoz
AN AL & A
A= == (3]
A7) A ML &9 EF %k (molarity)o]t},
7121 9] o] 24 EA EAELE W, o' do] E sl o)L %=
E folaAl HAAE 4 Add. 25TAA 2, 3, 4, 59 o]& % (on
conductor)oll t3+ A gt W+ [Table 113 #}.

Table 1. General ranges of A for ionic conductor at 25C

Number of ions A
2 118 ~ 131
3 235 ~ 273
4 408 ~ 435
5 ~ 560

2. A9 ~AE Y (infrared spectrum)

ASH AAEY 24 400650 DA ABE BE AYee A
4 pRBEYe g2 By oA FdsE A dsl Jolsttt. A9
AalA Abgdte A2 Z1AEEY 3E), €438 AH(neat sub-
stance ; WA 33E), mull T+ 4F A pellet 52 Az & Qo)

’J.L.
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B0l W A HE A AHNEHS Jdod AaS AEAHge v
Tog7lel F]lsted FA7]e) Wolok duf Wate] Aurbi: gv)e] Eo
ToemtE m 9ol Aakiz Ant B f)ol HE WAlE S Hxsle
ol B wWuby] dell A5 F Bl FEe M guMo sloy ) &
71el A shis A Hol

N

2) $oAA =

A9 d Aol He A gAS 2w ode X ggol v, 1
of el ARl wobAli: AL FRF ol AW e /14 A

Al F7E dolub 4] obi: AAE BAG I BobsE Ao B wik
Alaiek G ghel] stebubgo] dojifiz H 9ol FHLNS A F o)

CSuiz 1,330~625¢m (75~16 1), CCly= 4,000~1,330cm 1 (25~75p )3 <
ModetA oz AMRHE gujolth ol E Sult F ety fEslnz 24
A Hob . FAAEwE A A fr1gE S faAl7)=d Past
ARk =40l Al A2 ntz2 AN g FFEA vk adM, IAHEuRA A
odel We oA T AL Ao dAY 3 WYAv AL
2 7hA1 e} &l & chloroform, dioxane, dimethylformamide $& A1ztg 4 ¢}
o, FF olgH &9 AN F59He AYsH [Table 219 2o}
add, &) Fo THEE FEL A F5YE Yz A 879 7
& ZstA dt7] dEd F dx2e g A& oF 3

A dGolM AR EHE Sule dRE BeA 3L FFeteE, AgM
% 7M. 4 &ring 84 o Fol F& AL o] 43cH01~1m). 18
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i, o] Agol AE TR 01~10% AxoW "o B2 fujz 2 & A
37 Bule] wxvt wv] ol Algel ot AAAY A A 9
oh wep A, gufel AsEgR o 2y @ Havt gt oA gujutg

@ T ] (reference cel)i: 715208 slo] Al@e] ~HEHS Ay

Table 2. Characteristic infrared absorption ranges of the principal
solvents.
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3 &5 A=

STt kel Adshul W o] whiowis AAA i Yl
N G Bl B Anl HEdy

4) mull A] s
g B AR 2~5mgS WA (mulling agent)9) Nujol Con~Cy
alkanc .2 A ¥ o) iz Ao AAE WS (mineral 0il)) brand name
&= hexachlorobutadiencol] %30 ZFW A At} o)gp 7re mulling agents =

Aol g delel B4 F4wE 7199 mulling agent A Eo slgts o] &

5) KBr Al 8
vlAek A e AT ImgHE olate] HzE KBr B °oF 100mgs Ut
AARRLOl A A A Aok o] £3 2o g 5000atmstol Al £wa gro

o
o
2
rie
e

o
2
of
ox
=
2

¥ Fthin pellet ; ab. lem diameter)& W=t} o
M b 3717 A A Fo Alg 4 Lo $¥o] Ao dow 29 60
# (3448, 1.639cm Dol M EF4AmE o Yehd g, o] WHe )3

#=(inorganic compound)oll = F8382 % 4 gon 2tz Azts A=
°F713+ k. pellet #/4Al 27 5= high pressure) Z oA 313 2{q
Co(NI*)sCl*' 2] &ol& Cl 2 Br ztel w@whgo] lojd 4 9l7] o]},
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3. 4% EA4Y

i SRS A7 25 ARE A3 A Hv) R ule) oo eio)
Aol wheh AR dHAAY 2 F 200 Abololl o] Wy wbx . )
dulel ZHE 4o YA EAule w3 a9 AnE Ard 5 Qg
ChooSreluh 194061 D et 177 AlehE] ] AR so e Ak By
COYE R by F uhdeh Vokol 38w Al &S]

A AU AR PR ME S5y
el At shdae] wlel wel F-ulshis ol MEA deloltt o] helis
ticks] gkebelar ola) b BolatAk, 717] A R el vhi v vle) st

7HEE doloz A o

'
HU

of shafetil azkels] wiiiel §Au]v} ol xglu)

WA gherel shgbgoleb e Ame

1. T- H a2 ~ 10—

< Eol7h uhE v ¥5-e
MovbEpduh Aol vk delv: Rab 2Ae) AE o) o3 49, A
W crelal vl Farell whek Agolstth. o] AwlERS sAgo sy ux
wAkel A 9 g gad £

dgoAEYo] detuizdl da3 HA3he) Mt (electron beam) ol
Atz 2 shgEel mheh e R §7] SEE : 7-150V), o Ao] o] &
ot & AlzetEd o oyl g

M + ¢ — M + 2

M2 Eatoln], M'= #Ato]&(molecular ion) i o]v] o] &(parent ion)o]at
Fo AL YA 230 FeAHEgE ol A4NE F U FE
gtEol AA Frksk7] wWEol #ab 0|29 FE A49s HojuA "o
Az 254710 wel 27) B2 8 Az} shyst A o] Lsig o
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M A" FAbol 2, doukgnt Qujd WSl o) & Eulo] 2 (fragment ion)
)

3 At & Aol > (rerrangement ion), 18l Ea}EEo]  o)dk FolH o)L
(metastable)e] @4 g. olu o] 5o o) Rauu} A7 2 Fage 7
Aiz gabirelnh ol@l &4 AHLS b A ¥z ABCDE o el

et gheg

-

ABCD(g) + ¢ —> ABCD'(g) + 2¢
(W afo] & AP g)

“—

ABCD (g) — ABC(g) + D + 2e
AB(g) + CD + 2e

A'(g) + BCD + 2e

(Eatol & 44w 2

— ADCB'(g)
(el & 3ol AAdurg)
ABCD (g) + ABCD —> (ABCD),’ — BCD(g) + ABCDA (g)

(BAF S0l W)

Folesel me(Ae of d3h ul) g 2 FUA AY Bxe 25 2 7
Zol wel Nz e Rgoz vehdozd dojd A Adeys A

Wonlx e ¥ BA4 2 7z 58 44 - S99 5 A gea,

sdey 4ol Baw /1RHA ALY B Fhxo) tha) m2e Qoo

V) 994 $949

(Table 3] #7] - 571 2doAM &3 HE + At U429 A 599
& FAEE AP Aotk Fodadd 43 B9 s} EAol Lo A g
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Table 3. Mass numbers and abundance of the naturally occurring Isotopes

Mass Relative Mass Relative
Element Element
number abundance number abundance
Calcium 40 96.97 Zinc 64 48.89
42 0.64 66 27.81
43 0.145 67 4.11
44 2.06 68 18.57
46 0.003 Germanium 70 0.62
48 0.185 70 20.51
Titanium 46 7.99 72 27.40
47 7.32 73 7.76
48 73.98 74 36.56
49 5.46 76 7.77
50 5.25 Selenium 74 0.87
Vanadium 50 0.24 76 9.02
51 99.76 77 7.58
Chromium 50 4.532 78 23.52
52 83.764 80 49.82
53 9.509 82 9.19
54 2.375 Zirconium 90 51.46
Iron 54 5.82 91 11.23
56 91.66 92 17.11
57 2.19 94 17.40
58 0.33 96 2.80
Nickel 58 67.77 Molybdenum 92 15.86
60 26.16 94 9.12
61 1.25 95 15.70
62 3.66 9% 16.50
64 1.16 97 9.45
Copper -63 69.1 98 23.75
65 30.9 100 9.62
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Mass Relative Mass Relative
Element Element
number abundance number abundance
Ruthenium 9% 551 130 34.48
98 1.87 Lanthanum 138 0.089
99 12.72 139 99911
100 12.62 Cerium 136 0.193
101 17.07 138 0.250
102 31.63 140 88.48
104 18.58 142 11.07
Palladium 102 0.96 Neodymium 142 27.11
104 10.97 143 12.17
105 22.23 144 23.85
106 27.33 145 8.30
108 26.70 146 17.22
110 11.81 148 573
Cadmium 106 1.215 150 5.62
108 0.875 Samarium 144 3.15
110 12.39 147 15.09
111 12.75 148 11.35
112 24.07 149 13.96
113 12.26 150 7.47
114 28.86 152 26.55
116 7.58 154 22.43
Indium 113 4.28 Europium 151 47.82
115 95.72 153 52.18
Tellurium 120 0.089 Gadolinium 152 0.205
122 2.46 14 223
123 0.87 : 155 15.1
124 461 156 206
125 6.99 157 15.7
126 18.71 158 245
128 31.79 160 216
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Mass Relative Mass Relative
Element Element
number abundance number abundance
Dvsprosium 156 0.052 181 99.988
138 0.090 Tungsten 180 0.14
160 2.294 182 26.29
161 18.88 183 14.31
162 25.53 184 30.66
163 24.97 186 28.60
164 28.18 Osmium 184 0.02
Erbium 162 0.136 186 1.59
164 1.56 187 1.64
166 33.41 188 13.3
167 22.94 189 16.1
168 27.07 Platinum 190 26.4
170 14.88 192 41.0
Ytterbium 168 0.135 190 0.013
170 3.03 192 0.78
171 14.31 194 329
172 21.82 195 33.8
173 16.135 196 25.2
174 31.84 198 7.19
176 12.73 Mercury 196 0.146
Lutetium 175 97.41 198 10.02
176 2.59 199 16.84
Hafnium 174 0.18 200 23.13
176 5.20 201 13.22
177 18.50 202 29.80
178 27.13 204 6.85
179 13.75 Uranium 234 0.0056
180 35.24 235 0.7205
Tantalum 180 0.012 238 99.924

_17__



Lo Aok 51 #47)7]

Heloll o] 83 A%k phthalic dicarboxaldehyde, 2,6 diaminopyridine,
PriNOz)s - 6H0, Sm(NO3); - 6H.0, Gd(NOy); - 6H.0, Dy(NO3); - 6H.0, Hg
(ClO4): - 2H20,  Co(CH3CO0), - 4H20, Ni(CH:COO0)- - 4H20, Cu(CH3;CO00); -
4H:0, acetonitrile, diethyl ether, HCIO;, NaClO;, DMSO, DMF, benzene, 1
23! methanol § 2% Aldrich & Sigma A E< AF23tS T acetonitrile &
Wi R HAlste] B A o] g3}

*& 4> Elementar Analysensysteme GmbH Vario ELS ALgste] YdA
=S SR, DMSO #95tolA] ORION Model 162 conductivity Tem
perature Meter® AH&-3te] d7|dEx & ZHeiqet. 2429 DMSO £A9)
Az Fa 24 E¢ 2 KONTRON UVIKON 860 UV VIS Spectrophtometer &
FH O AUt AgaAEd e VG770 VSEQ FAB Mass Spectrometer(VG
Analitical, UK )e. 2 Z43stgl=0l, o] @l FAB condition® 2 FAB source®}
Matrix £ k7t 35keV Cs’ ion beam¥ GlycerolS A}&3a¢ch 2o Asme
d< FT IR Spectrometer (Bio-Red FTS60)& Al&38te] Z=H31%c}

2. lanthanide(Ill) Adl32e] 2 A4

°ls #&9 4L V. Arul Joseph Aruna & V. Alexander® ‘2 oia
T4 - AA sk

phthalic dicarboxaldehyde(0.2683g, 2mmole)®] acetonitrile(30me)-& 4ol lantha-
nide nitrate(lmmol)| acetonitrile(30me) €248 H7lgtc} o] E3FE L A2

AMO10W Ax mwk A7l Fd 2.6 diaminopyridine(0.2183g, 2mmol) 2] aceto
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Scheme 2. Preparation of lanthanide(Il)- [18]JHAM complexes.
phthalic dicarboxaldehyde(0.2683g, 2mmole)

dissolve in 30ml acetonitrile
add the acetonitrilie solution(30ml) of lanthanide
nitrate(1mmol)

mixture

stir for 10min at room temp.

drop the acetonitrilie solution(25ml) of 2,6 diaminopyridine

(0.2183g, 2mmol) over a period of 5min.

l stir for 10hr at room temp.
deep brown microcrystalline compound

cool

filter
crude precipitate

wash with acetonitrile and diethyl ether

dry in vacuum desiccator

lanthanide(II)-[18]HAM complexes
(Ln(II) [18]HAM complexes)

*19_



=0 N
2 + 9 I lanthanide nitrate
~ —
C=0 ‘

- FON N NHo acetonitrile/reflux
1 T
H
l AN
P
=N N N=
=N _N_ _N=
]
~
nitrile(25m¢) & A& HH3 et o] w Z7b Ak 108 o4 485

H, ool ¥hE EHELS 1042 ol Aol Zuh o] AL ALtz WAl A of 1}
g Foll acetonitriled®} diethyl ether2 ] H st} o] ) acetonitrileS Fisher
(HPLC grade)# % & CaH:2 A glsle] o) & ate}.

3. Hg(l) Adize ZE 3FA4

phthalic  dicarboxaldehyde(0.26826g, 2mmole)2]  acetonitrile(30m¢ )& ol o
Hg(ClOy); - 2H:09]  acetonitrile(Immole/30me) & M3 H71hch o] s £
Hg A2oA 108 AT #Hojx Fo 2 6-diaminopyridine®] acetonitrile-& ¥
(0.21826g, 2mmole/25me)& MM 3] H7ghch o] A Lo S H7} AHE 10
v Ak dYu] o] W3 EF £ 1047 oA mut At o]AL AL

olA WzpAlA o 23k Foll acetonitriled] ©]9) diethyl ether@ A 4 3kt
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Ln(Il % Heg(l) Avizel &8 F4¥3 S48 34902 Co(ll) . Ni
(I Cu(ID Adize] #eS oy wPqAW Adue $TE Ao

2 H o
T AEskA Zh o] o

= W}

A2 Co(ll), Ni(Il), Cu(ll) o] ¢ doz

Y
i
o
i

= ColCH5CO0): - 4H,0, Ni(CH3C00): - 4H20, Cu(CH3;COO), - 4H.02 |
. _

ek, o] Aol 4 W& ColI)([9lcheD), Ni(I)([9)chel). Cu( I )[9]chel)
2rZollom, [9)chel= Adixel [18]JHAMY} 125528 Abejolt).
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Scheme 3. Preparation of Hg(Il) [18]JHAM complex.

phthalic dicarboxaldehyde(0.2683g, 2mmole)
dissolve in 30ml acetonitrile
l add the acetonitrilie solution(30ml) of Hg(ClOy): - 2H,O(1mmol)
mixture
stir for 10min at room temp.

drop the acetonitrilie solution(25ml) of 2,6-diaminopyridine
(0.2183g, 2mmol) over a period of 10min.

stir for 10hr at room temp.

deep brown microcrystalline compound

cool
{ filter
y

crude precipitate

wash with acetonitrile and diethyl ether

dry in vacuum desiccator

\ J

Hg(I)-[18]JHAM complex
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4. A 35 ([18]JHAM) §HA

25w methanol®ll lanthanide Atz2l L (ImmoDe AEHL W= o

o] 2 & HCIOs 10mmol& A8 H7tatn 7A2 A &FA 70 o] u
|

FE oot 35S 4] 989 DMSO £ DMFol 8314 A ether &

B7kete] AASAIZY o)y Aoz Ade AHAA

o
—t
=
o
=
o
®
o}
N
o
=
o
ok
it
o
g
=
tjo

([18JHAM)2 ¥ 3} calcium chloridesll A} A% - B @3},

Scheme 4. Preparation of hexaaza[18] macrocyclic ligand([ISTHAM).

lanthanide(I)-[18]HAM complexes
suspend in 25ml of methanol
suspended mixture
treat a ten-fold excess of conc. HCIO,
l reflux for 7hr.
crystalline product
filter

wash with methanol and diethyl ether

dry in vacuum desiccator

 /
hexaazal[18] macrocyclic ligand([18]JHAM).



V. 43 9 n&
L A2 2 Adzd sz 34

lanthanide(Ill)©) =& 2, 6-diaminopyridine® phthalic dicarboxaldehyde 2]
Schiff base WS FAAA 2+2 A Adz((18]HAM) H2 o

F4 @ ol lanthanide(l) Yol thg3 2L 4712 Hele #H2g §

o

E

X

) bis(nitrato)(aqua) 2 : [Dy([18JHAM)(NO3)>(H-0)INO; - H-0O

) (nitrato)(hydroxo) 2t © [Pr([18JHAM)(NO3)(OH)INO;3 - 2H-0
i) (nitrato)(aqua)(hydroxo) 2% : [Gd([18JHAM)(NO3)(H-O)(OH)INO; - nH-O
iv) bis(nitrato) 2H& : [Yb([18]JHAM)(NO3):]NO; - 4H.0

lanthanide(Ill) nitrate &) 3}oll Schiff base & §HuFL o]

methanolol A P A= H A% e 248 712 3320 l
Foll &2 A 54 acetonitrileE o] g3tH, BHALH dsl HBo] 4314

Hg(ll)o]& &EAtallE 2 6-diaminopyridine®} phthalic dicarbox
aldehyde®] Schiff base & wt$ol 28 Hg(O)-Adxel F2o] &Adwc}
ol W o] &= d& st Fe7l +22 Hg(ClOy): - HHOS AlL38dTt of 7]
A d°AAMAE 7R e Zn(0), Cd(I), Hg(I) 29 U4 3+5HTable 4]l
el s R Heg(l)-#HE9 72 2 54L oA osd 4 g #Ho
. Hg(I)E E%(congener)?] Y4Fo) thah AAu dwrxog AwHz 9
Askete AstA Aok 244, $39 B8 AZn, CAF N2 @, Hg(I)



Table 4. Stercochemistries of compounds of Zn™, Cd*" and g™
Coordination . 3
Stereochemistry  Zn Cd Hg
number
2 Liner ZnEt CdEt HgEt.
3 Planar [ZnMe(NPhs)]» [Hgl3]
4 tetrahedral [M(H20)4]"". [(MCL ] [Hg(SCNLI
[M(NH3),]”
Planar [Zn(glycinyl)s)
3 Trigonal [Zn(terpy)Cls] [CdCL:)™ [Hg(terpy)Cl-}
bipyramidal
Square [Zn(S.CNE)ICl)s [CA(S,CNEL)Cls)s [Hg{N(C:H:NMe);
pyramidal
6 Octahedral [Znlen)y)” [CA(NH ] [Hg(C:H:NOW]™
7 Pentagonal [Zn(HCdapp(H:0)-]] [Cd(quin)»(NO3),H,0
bipyramidal S
8 Distorted [Zn(NO3), I
dodecahedral
Distorted  square [Hg(NO., )
anuiprnismatic

(a) Hudapp: 26-diacetylpyridinebis(2’'-pyridylhydrazone): D. Wester and G. T.
Palenik, lnorg. Chem. 15, 755(1976).

(b) The 2 nitrate ions are not equivalant(both are bidentate but one is coordinated
symmetrically, the other asymmetrically) and the structure of the complex is by
no means regular.

coordnated

(c) The distortion arises because the bidentate nitrate ions are

asymmetrically to such an extent that the stereochemistry may alternatively be

regarded as approaching tetrahedral



A Al 6ulel g9 Aol e o] ZAtH(Table 4). A 7]
skt A Wi 2709 Aol B 4 A Hown Aua A
e A " Aotk FgAl dHz HEHo] Adoywl, Hg(l)e ol
2 w9 A A2 coordinate, liner stereochemistry)S A4 Az 7o
th o]¥l A 27t organozinc® organocadmium 3320l £ e} ) ol Hg(II)
of Aol 23 JAMtE Fo stfo|th o] AL YU T4l
(hybridization scheme)t ## 3 o 7] ol \4 2] (promotional energy)ol o] s}
2ol gt Hg(l)ol2 d'Axtwxe] 84 o 2 W% el (deform
ability)o] A#24 onlg §agh £ Qo £ 2749 2=t 250 wew
o ZRE Hg(IYol o Had o 23}
S7EA717] wi el thE 2zt Mg BasiAl sk w9 7ol Arel
Hg(Il) #tst=o] S A AAFAYAE 7h20 Q= $xpeazh
“(bidentate ; NO3 . NO: ) $olA 3o} 2 4 9 ®

Co(CH3COO): - 4H20. Ni(CH3CO0); - 4Hz0, 18] Cu(CH3COO) - H-Ool
o3t H3r& ol A2 Co(ll), Ni(Il)-, Culll) Athzrg 22o] &4
AT old = [Table 5lol4 & 4 = 2Hd 2Y HolZso]ee

rr

0::.

MEe pBdel "ANES

Hg” # lanthanide (Ln”) o]€ut}h §aAGol 84 2 27 wAs} de
Aolth. %, Co™\ Ni¥', Cu”” o259 el melsrs 4 & 69 whwlo)
Ln(Il) ol &&& 8ol¢e) Z¢7t 433 g

2. 899 A/ Axx

Pr(dl)-, Sm(I)-, Gd(I)-, 28] Dy(Il)-Adxg F2& HCIOs2 A &l
st @2 HaA[18JHAM)(NO3)(ClO4) - 4H209] £ A & % (molar conuctivity), A
m7b 70~140 (ohm 'em®mol ') Wglels RS 101 A3 A (electrolyte) 9] EA4



Table 5. Comparison

of transition metal ions and lanthanide ions

o First transition
Lanthanide ions L
metal series ions

Metal orbitals
Ionic radii

Common coordination
numbers

Typical coordination

polyhedra

Bonding

Bond direction

Bond strengths

Solution complexes

af 3d

106-85pm(1.06-0.85A) 75-60pm(0.75-0.6 A)

6,7 89 4, 6

Square plane, tetrahedron,
octahedron

Trigonal prism, square
antiprism, dodecahedron

Little metal-ligand orbital Strong metal-ligand

interaction orbital interaction

Little preference in bond Strong preference in bond

direction direction
Bond strengths
Bond strengths correlate . &
determined

with electronegativity, . . )

) . by orbital interaction,
decreasing in the order:
F, OH, H:0, NOs,

Cl

normally decreasing in
following order: CN ,
NHs, H:O, OH |, F

Ionic: rapid ligand Often covalent; covalent

exchange complexes may

exchange slowly

* D.G Karraker, J. Chem. Educ(1970), 47, 424-430
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of Aastd. &% o] g9 3stae [H2([18]HAM)(H-0)(ClO4)INO; - 3H.0&
FdHete AL & B4 Fdate gxgoh ®3h Pr(), Sm(I) , GA() .
23, Dy(ID Adizgl 29 ZHEE(molar conuctivity)™ 1 1 1 dsfa =

Aol a1dshi= 103~133 (ochm™em’mol™) el g+ 7hzin).

Table 6. Characterizatons of lanthanide(Ill) - hexaazal18] macrocyclic

complexes.
Anal.(%)
Yiel UV-Vis®  ay®
Complexes d Calc. Found A max
(%) {loge} Semmol’
C H N C H N
[Pri(NOJOEDING; - 210 0 2B 316 169 2P 357 K17 AR 133

(SMLA(NOJFEONOHINGs - 2HO 74 4108 331 1474 4190 30 145 35427 124

(GAL NODIOH) INO; - 4H,0 M PP 36 427 BB 3F 1471 3IH4AD) 1B
154 R8 152
(Dy Lt NOW2(HXO)INO; - O B B2 2% 3 3 3M 8 322423) 1B

a. In DMSO(25T) ® In DMSO(20T)



3. lanthanide(Ill) -, mercury(Il)-& 29 FAB AJFAHE A

FAB HHAsERY 2} ol 2 /molecular ion)ol 93 B $a](peak) 2 T
AdEd 2 o] &2 Euh7) 3 A (fragmentation)ol] 98] thdst 28 Arz3)
4 845& XFste BT F401 28 241 {(Hi([18JHAM) - dH.O + eH}

CF, HEE AEA gtEe FABZRHS 27
& (demetallation) E<tell elgch {H(I8JHAM) - H-O + eH) £ 44
[18]JHAMell &A43h= azomethine”] 470 Foll 1717} 744285 o] carbinolamine
Al [18JHAM - H:O7F vebd S A8} o] mf Adizele] &o] 4
S Z9E A4, 282 4 Fee Qo

Pr(l)-, Sm(Il)-, Gd(I)-, Dy(ID-[18]JHAM ZHEZZXE 4 Adiug
217t [Ho([18JHAM)(H:0)(CIO)ING; - 3H,0E Eato]l 2024 [Ho([ISJHAM)
(HONCION) 7 &= AT FEES HCIO; 902 Helsled 9L Agn
g 8o EvEe  [(18IHAMI(HO), [I8JHAM], [ISIHAM/2] %ol
t}.

M(CH3;COO): - xH:O0{M(II )i Co, ' Ni, Cu}, phthalic dicarboxaldehyde, 2,
6 diaminopyridine, NaClO; % 9] acetonitrile & o g2 € M(I) A
([I8JHAM) %28 dAstalz AT M)([9lchel) 2HZo] WA Y
o] Z¥9 FAB FFA=EHE [MI([9lchel)(H0),]", [M(I) ([9]-
chell', [[O)chell” & Sol @#HATG o714 [9lchel= [18JHAM/AREA 7t
azjel wWrEee Agdt. F, dolF4 Co, Ni, Cu € phthalic di
carboxaldehyde$} 2, 6-diaminopyridine2 %8 M(II)- A1z 228 A%
T UeE ¢ F AW ole MUIDo)l&d Ahmna e FE(cavity)d =77}
HZatA xat7] MEd Zelth Adimel FE Ao st Pr(ll), Sm
(I, GA(I), Dy(I) °]& ¥ & (ionic radius)S ¥$i5=7F 69 o zHz} 113,

i

b
=

rlo

ol



109.8, 107.8, 105.2pm ©] A%, M(II)([9lcheDx & =¥ 2] 7F=(open ligand)
=0 AR E ASol HoldF4 Co(ll), Ni(ll), Cu(ll)9) O] 2HIX & A
H(low spin) 6MAY o ztz} 79, 83, 87pmo]t}.

1m

A AN 2 2% Adud 29 AqH Ao

Athaelst o]9] A& g IR 2FEHo= NHy, >C=0 I8£7)9] 54

F dolazk ety Bk ~1,650em N #EHE e E5 oy
(C=Noell  7}qlsts],  ~1450cm™", ~1380cm™ ®2oA "HE FH-
pvridine$te] M Foll g Ao Azt F Yok ® 7 o] g 1,380cm-l H-12o
AMoERIE R Fws w9 nitrate o] 2o 93 F5 wWEo ¥wasiA 9

o At aqua(nitrate) ZEolAM vl B8z YO FEL 3300cm” it
oAM #z e 5 gtk 1640en el M doid Aoz oEHi= HOH $9
W2l (bending mode)& V(C=N)2] 7 F 5o 93] 2334 €t} 837~845
an ey w9l BRAL Edoza o FHust o 2@ £ Qo
nitrate(hydroxo) 222 ~3560cm ™ o] ZslmA Zo] Yo s g

Wizl ol 22 vl 1€ hydroxideol 29 vy (OH)Ol 7191 &t}

U

aqua , hydroxide-#&& v(Ln-O)OH; & OH) A %o Agsl= =71
M71el F5mE 415~426em' Gdol A vehubA ok nitrate ZZ o A= w)
9 #H o124 nitrated] S FFus #FY £ Ak ~1460, 1.320em !
oAld o w9l nitrateo] 22 v (N=O)(v)), ViNO2)(y3z)ol ztzt Arg st}
~1,030cm "ol M BAEEE p(NOy) AE(v)e bidentate chelating nitrate2

doll 2ok nitrated} AF 712 AEF ReAAS(dy = vy - w)E

Am

monodentate®} bidentate chelating nitrate® 7 dl= 7|02 o] 41 4 9
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Figure 1. FAB-Mass spectrum of [Dy([18JHAM)(NO):(H.0).)' complex
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v dy 2 nitrate 79l vl9) 7 monodentate £ %-E]  bidentate  #&

i

bridging 27tr=i Wkl wel ZFrhgtd 2 AgdolA gae Yo we gy
= 145cn 7 o8], o]3= nitrate ©] 2] bidentate 7R FAl o] A s o
UVEE A Awbx o2 NO; + lanthanide(Il) ©]2 3 chelate 3% & 3
detck ol &4 nitrated 5402 ZawA @ ze mWrh 1.380em el A vt
ot

neodymium #&, [NA([18]HAM)(CIO:):INO; - H:O 74 %ol v "  per
chlorate ion2] 5422 1080, 1,100, 1,135cn ™ol 4 2 #&](resolution) ¥ 3
Hel Wi 1248 4+ Uk a29x, AfAdny gz, [Ho([18JHAM)
(NOCIOy] - 4H:091 v (ClOy )oll A2shes 9= ~630, ~1,100cm™ ol A

BRE & v



Table 7. Characteristic IR absorption(cm™) of the lanthanide(IM) [18]JHAM

complexes..
Macrocyclic complexes
Complexes Pyridine
v(C-H) v(C=N) ) Vibration
ring

[PrL(NO2)(OH)]NO3 - 2H-0 2920 1630 1586 990
[SmL(NO3)(H0)(OH)INO3 + 2H>

2925 1630 1575 992

O

[GAL»(NO3)(OH)INO3 - 4H-0O

2918 1635.6 1570 991.4

[DyLn(NO3)2(H20)]JNO3 - H.O 29279 1647.2 1575 987
Coordinate
ligand Lattice lonic Coordinate nitrate
H.0 OH water water
v (OH) v (OH) v (OH) v (C=N) v (N-0O) VAdNO2)  v(NO2)
3560 3400 1390 1465 1305 1030
3260 3560 3400 1390 1470 1310 1035
3221.1 33889 1384.9 1462 1305.8 1033.8
3217.3 3400.5 1384.9 1462 1305.8 1035.8
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v.4a &

lanthanide(IIl) nitrate, phthalic dicarboxaldehvde, 2,6 diaminopyridine®] ace
tonitrile 8 H o 2Z FE] [Pr[18]JHAM)(NO3;)(OH)INO:, [Sm([18JHAM)(NO;)(H-O)
(OH)INOg, [GA([18JHAND(NO3)(H:O)OH)INOs, 18] il [Dy([18]HAND(NO:).
(H:O)INO3, && @AW, =3 lanthanide(ll) A &S A& digp #
AbsH At o2 Sl al lanthanide(I) nitrate ™ A1oll Hg(ClO,) - HHO& o] &
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[Abstract]
Synthesis and Characterization of

Lanthanide(III) [18JHAM Complexes

Moon, Dea-Hoon

Major in Chemistry Education
Graduate School of Education, Cheju National university

Cheju, Korea

Supervised by professor Byun, Jong-Chul

lanthanide(Ill) and mercury(lI) complexes of the 18-membered hexaaza
Schiff base macrocycle, 2,11,17,26,31,32-hexaazapentacyclo[26. 2. 1. 1!, O,
0"*dotriaconta 1(31),2,4,6,8,10,12,14,16(32),17,19,21,23,25,27,29- hexadeca-
ne(Lm : [18]HAM) have been synthesized by the metal template con-
densation of phthalic di- carboxaldehyde and 2,6-diaminopyridine. Discrete
mononuclear complexes [Pr ({18]JHAM)(NO3)(OH)INOs - 2H20, [Sm ([18]HA
M) (NO3)(H20)(OH)INOs - 2H-0, [GA([18]HAM)(NO3)(H,0)(OH)] NOs - 3H:0,
[Dy([18JHAM)(NO3)2(Hz0)2]NOs - 2H20, and [Hg([18]JHAM)(H:0)2 (CIO2]CIO; -

* A thesis submitted to the committee of the Graduate School of
Education, Cheju National university in partial fulfillment of the

requirement for the degree of Master of Education in August, 1998.



nHz0 have been synthesized by using the respective hydrated lanthanide(IIl)
nitrate and mercury(Il) perchlorate as the template.

The lanthanide(Ill) macrocyclic complexes (lanthanide(II)-[18]HAM) was
decom- posed by conc.-HClIOs, forming [18JHAM and liberating the
lanthanide(III) ion.

Co(ID-, Ni(ID-, Cu(lD-complexes of acyclic, potentially tridentate
compart- mental Schiff bases([9]chel) complexes containing d-metal ion
Co(ID), Ni(ID, and Cu(Il) ions have been prepared by using metal template
condensation of phthalic dicarboxaldehyde and 2,6-diaminopyridine.

The [18]JHAM and complexes were characterized by elemental analysis,
fast atom bombardment mass spectrometry, and Infrared spectroscopy. The
template potential of the lanthanide(IIl) cations of various sizes in the
assembly of [18]HAM is due to the flexibility of the macrocycle to adapt
to the geometrical requirements of the metal ions and to the steric demands

of the exocyclic ligands.
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