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Abstract

Rac-5,5,7,12,12, 14-haxamethyl-1, 4, 8, 11-tetraazacyclotetradecane hydrate :
L-H:0 was prepared and separated from the corresponding meso-isomer dihydrate
according to the Curtis method. The rac-isomer was confirmed by spectroscop-
ic data of NMR, and IR spectroscopies. To synthesize the [CrL(OH)z]'complex,
the racemic compound purified from meso and racemic mixture was reacted with
Cr(Ill) salt.

The complex ion species{[CrL(0H)2]": Auax = 613.0nm( £aax = 116M'Cn™"),
[CrL(OH)(H0)1®": Awax = 575.0nm( £ max = 1334'Co™), [CrL(H0)2]¥: Awax = 532.0
no( emax = 172M7°Cn™")} obtained from pH change of [CrL(OH)zTﬁolution were con-
firmed from an electron absorption spectrum.

The result of the distribution diagram of chemical species proves tha;
main products in the range of solution pH<3.5, 3.5 {pH {7, and pH>7, are
[CrL(H0)2)%, [CrL(OH)(H0)1*, and [CrL(OH):]’, respectively.

At around pH~2.0, we synthesized several Cr(IIl)-macrocyclic complexes
that have various axial ligands (L° : I’, Br, Cl°, S:0s*, F’, malonate, NCS’,
oxalate) instead of H0.

[CrL(OHz)2]" + L° — [CrL(L" )a)¥(n =1 or 2)

Cr{Ill)-macrocyclic complexes combined with various ligands on the axial
position were primarily confirmed with the Mass. Especially, when the axial
ligands are malonate, oxalate, and Sﬂhr, a possible thermal decomposition

reaction is as follows:

0 0 0
I I 120-140°C i
HOC-CHz-C-OH > CO2(g) + CHaCOH ----@
no solvent




0 O 0

Il I 150-160TC If
HOC-C-OH > CO2(g) + H-C-OH > C0 + H0 ----@
no solvent formic acid
S:052 + BH + de” < 2S + 3H0 (E° = 0.465(V) &)

On the other hand, a spectrochemical series was drawn up on the basis of
the ligand field strength obtained from electron absorption spectra of the
complexes, [CrL(L’ )nJ™

OH < Cl” » Br' » I" < (S209)* < H0 < F < mal® < (NCS)*
We can expect that there is three d-d transition from d ion

Tanabe-Sugano diagram.

AR(F) —> *TyQ(F) : v
—> AT (F) : Vo

However, we found only two transitions because the other transition

(1A (F) —> *Ty(P) : v3) is not visible due to the charge

transfer transition.
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I. A4 £

Fe-porphyrin complex+= 4t4:¢] A Yq oxidative phosphorlationz} Z& A=z}
ALASE FEHH A 28Vo) Br1AY Aotk &, henelE YA
Fe( Il )-protoporphyrin IX$} heminoll A}@t&l= Fe(Ill)-protoporphyrin IX-& g3
2} B4 BA Yxlth prosthetic group) 28 2L ¥Ich e, thyae aba
2] A% (myoglobin)Z} M hemoglobin)S $1¥t At2e] 7193 AY, RA=xjols

(cytochrome b, cytochrome c), H:0.%3l(catalase, peroxidase) ¥}-gSof Tyt

A )

L9
=

t}.

old &HollX F&ol&-porphyring X331 ol B Exle] mysy
Mol F<&-7rhir e (macrocycle) 0] BdstA A= Qlrh.  A1HolF o) -
Adlate] 2R= 2AEL FHo|L o8 RE Arjaie] 2|t=e alof iy & &
Hog wgy@olrh  TelM, w9l Cr(M)-, Co(l)-Aria FEBFLS ENY
B2y ofgt VY Ao o AV £ U= 22 E FA AUA Yk oA F z}
2]2] b4 Aviane|y Zde F3g W) '

Busch-Hung'¥'5-& [CoLCl.]*(L: 24 tetraazacycle) 2] 3 Hz| o}Fo}3} wi
$(aquation) =7} Atiae|o] 23 AYAEHU(bond strain) 3=} Y 2
BE 7HE HAch  Co(lD2AELS HF D i7h]Foll i3 23hitgo] YojLix|
gh Cr() 2HE&-2 A ell7huFol o3 ugec @

ojld AFFY F=R= 5-, 6-¥ Zdo]Ee|(-nembered chelate ring) & &
=] glAgh, J. W Martin'® Sofl 2%t 6-, 7- Palo|EneE M Q
th 22§ B dxert 314 22 AEHAU 71 9 22 €¥(ring
closure) & 4 ol FeolE 12| AH2 EelsiA "l 53], 213
71(8~114) ZeolE el AS2UTINNE Y 2e 2EG W@

Ho|Z<, M(I)-tetraazamacrocycle2}B- £7] 85731312 20] Av3kA), M(1)
T2 LUUSAHRE BHAEA  o|gHTL old AEFL co; B4



electrocatalyst 2= ¥EE 2 oct 2|P= TR WY olF F52E9 At}
VLA Hol] BY A4S 413 X VUL WYY AJdg ke 208}
Th AHBYAN el n)AE JAt2 Aol Ex2] A (chelate ring size), FAY
2H 3} 3 ¥ (donor unsaturation), donor unsaturation conjugation, I C|ED
glofl A X ¥7|Yel, 5-,6-4 Zeo]E 12](-membered chelate ring)e] Arcid ¢
2 & 23y 4 rh
= Aol E thEat 2ol Adire] 2Zt= rac-([14]-decane):5,5,7,12,12,

14-HEXAMETHYL-1, 4, 8, 11-TETRAAZACYCLOTETRADECANE )HYDRATE(5, 5, 7, 12, 12, 14-Mes[ 14
lane-1,4,8,11-N¢ xH,0) (£ AYAME “L"2 EAIS2L)E Bdol ¥2¥ Curtis
o wel gEiM che ol Aeizlx B AZHez y3tAct
(Scheme 1).

{CrL(H0)20*( 2 )

I

L + CrCls [CrL(H0)(OH)1*( £ )
[crclz]cl
\:_ Ho ,‘L T Ho
——> [CrL{0H)2]°(S) < [CrL(OH)2]( £ ) — [CrL(F)2]" <

malonic acid , oxalic acid
> [CrL{mal)]” < —> [CrL(ox)] {(——

S205°

> [CrL(S:03)]° < —> [CrL(1)e)® ¢

NCS™ Br
> [CrL(NCS)2]" < —> [CrL(Br):]" <

Scheme 1. Preparative reactions and systheses of the CrTLX, complexes.

& dFoM FHEA J&S the} gt
a) [CrL(OHz)2]* 2to] &3} 9344} M7} A4 B(protonation product)ol] T A



Ed §4& EMYUrh

b) [CrL(OH).]" o] &AE ZUEAUR 3ty [CrL(F)a]” [Crl(mal)]” [CrL(ox)]’
[CrL(Sz0s)]" [CrL(I)2]" [CrL(NCS)2]" [CrL(Br).]'5& AT Fof olE AHE
& XYY gy B via ¥yt

c) Scheme 104 A|AlE o] gl ZAMH [CrL(0H).]" 2ol 2] Jwara|te 3
uh-ge] R & st Helgic}



m. of &

1. Marcrocyclic ligand complexof &{F 7] w]A

Marcrocyclic ligand complex:= T2} 2202 LY 4 Qloj 11 &
HojlA Buj H&Ado] Acta ¥ 4 glct
@ Ion selective electrode
@ Liquid crystal
@ Superconductivity material
@ Heavy metal separation
® Liquid membrane
® Epoxidation or Hydroxylation
@ Lanthanides separation
® Magnetic Resonance Imaging(MR]1) Constant enhancing agent
® Radiopharmaceutical
@ DNA cleavage
@ Bio-inorganic chemistry
ol2} o] oJyHolA F-E3IA AHEE = Marcrocyclic ligand complex®] 7] &
A& A Bz} Pt

Porphin

Figure 1. The structure of Porphin and approximate geometry of porphyrin



CH CH, CH, CH,

CH, HO,C(CH,),— CH,

H X
Cl_‘H2 H CH, CH=CH,
(I:H2 CO,CH ™
CO,CpoHys
Chlorophyll Heme

Figure 2. The structure of Chlorophyll and Heme as a sort of Metalloporphyrin

Figure 1o]A 2 o2 2N Porphin®] 4782] Nitrogenoll Fee| coordination¥] o]l
£ Z!o] Porphyrin®|t}. Porphin macrocycle highly conjugate®olQl: dE2)
resonance forme|T}  22702] rx-electrons?} Q2|gt thx] o]|RE = 187)qto] 3}
L}2] delocalization pathwayol] X3'E]o] vj(wakdo] =A<l Hickel 's 4n+2
rule®} YX|¥ch : I FALE X-ray investigationo]l} NMR spectroscopySofl 2
3 oju] ¥¥qlx¥|adc}). g3 Porphyrins(Porphing] SEME)S 73 Mzg =
2 olon £9 FH bande th 2 FAS$(extinction coefficient - 400, 000
H2)& 71r]3 ol3 o] 3 ‘soret’ band: macrocyclic conjugation®] HA4o g
400nnF-2oll A FAUBCH R pacrocyclee] E3|EH o] band® Ale}RT}).
Porphyrin& E¥F 2} F (<} 280nm)ollA] TR band7} B2lt}( y band).

B3 Metalloporphyrins©] 2} transition metal®] Porphyrin ring2} Z %€
Hel & Wil olg &Y, Heme2 iron® X3} QU3 Chlorophyll
magnesium® X3} Q= Metalloporphyrino)al & 4= gltl. & Nitrogena} 2
#4x]o] 9+ inner hydrogen atomso] metal ionsoll 2]3) X¥E|ojx Qriz & £

e Rojrh. 2gla FRE AIHEY petal atomSS W7He pyrrol nitrogen

C,H, HO,C(CH,), CH=CH,



atomEZ Wi$|H Porphyrin®] F4lol 9lo{A square-planar®] 7]3}&3 FRE ol
o ironol chaj cThRHzlet oA sHs¥ wiflAbelE Porphyrin ring®
plane $]&} olzjolt}.

ol dFolld AHEH Arjzele|ts, “L"%E o]2{¥ Porphin REMY dFo
HA 2§ 2UEA2ANAM Zt WA [CriXeJCl0(%t X2 ¢ (OH)2, (F)a,
mal, ox, (S203), (I)2, (NCS)2, (Br)z) QA ZFoll AYY 2= FH(X)T e
Metalloporphyring] ¢ Zo|t}.

2. Y=} HE P @ 7=
2] 7t= “L"(rac-([14]-decane):5,5,7,12,12, 14-HEXAMETHYL-1, 4, 8, 11-TETRAAZA-

CYCLOTETRADECANE )HYDRATE(5, 5,7, 12,12, 14-Mes[14]ane-1, 4, 8, 11N~ xHz0) 0] th3lA

£ ooln g2 By B 4, T2 9 2 ZAS0] A4 Basel 9l

t}.

7 NH ¢ N=li----N
) e T

0]

. " 1
N, HaN N'=---H-=XN o -
L.\'}h’ 0 T R
//ﬂ e [14]-diene
~

Clo"

+ NaBH4(be used as a reducing agent)

see next page.
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[14]-decane

(can be separated by fractional crystalli-

zation from methanol)

.V{C 1C ( h’c
/ Me Me ’ Ne
(?\H HN
\H ij < j
MC V4 '//,
Me Me Mc Mc
Meso Isomer Racemic Isomer

Scheme 2. Approximate synthetic method of L : rac-{[14]-decane)

A2 Scheme 243 E& AHA rac-5,5,7,12,12, 14-Hexamethyl-1, 4, 8, 11 -Tetraaza-
cyclotetradecane(& g|ZtE “L")o] A E = FHolr}

ate} Scheme 22} A oA BAH Meso-2} Racemic-Isomer 2}2}& Chromium(IIl) C
hroride(CrCls)$} B+-8-2]7)H Mesodl Z-2 A2l 100% trans-[CrLCl.]©o], RacemicQl
ALE= 90%B £ cis-[CrLCl2] 2} 1063 £ 8 trans -[CrlClo]o] A"t 2y
o|H AHA TtlFA 5 starting material S cisPElF A H]H Racemic-Isomer



& AHg3ttiels 10%2) trans¥el7t B4 22} cold water® washihg3| &0 2]

T cis-[CrlCl] & & 4 AUt (trans¥ el cold watero] %)

Figure 3. rac-5,7,7, 12,14, 14-Hexamethy!-1, 4, 8, 11-Tetraazacyclotetradecane

GE L 2 AYsH: 2452 FRol wel uleld Q YA Rodo] Ya}
AA "ok 7P 3 o2 Fo] cud) A &@ R o] o3} Figure 4, 5
o o] z2Zo) wet w47 4 FL 57} Hod Mo QAME 2jo]|F o),
) ol B Aol FHY HEE 3 2z R Figure 49} v]4 Y 8
ol ©h2] #4to = 1709) XThA) 27He) X7 AYH euhel HelS Uebuich

Figure 4 33,

Figure 5 39,



Figure 4. Dlees Cul ety

Crystal structure of blue-[Cu(tetb)
X}:* (X=halide ion and H,0) and a
representation of the configurations
of the asymmetric centers and the Figure 5.
conformations of the chelate rings

red- Cufrerhil e

six coordinate cromiumo]m

of tetb in this complex. A plus sign
at an asymmetric center indicates
that the hydrogen atom of the
center is above the plane of the
macrocycle and a minus sign that
is below, Gauche conformations of
the five-membered chelate rings and
chair conformations of the six-me-
mbered chelate rings are indicated
by heavier lines.

ol ARolM YHH 4B FRE

ligand=

Structure of red-[Cu(tetb)]?* and
a representation of the configura-
tions of the asymmetric center and
the conformations of the chelate
rings of tetb in this complex. A
plus sign at an asymmetric center
indicates that the hydrogen atom
of the center is above the plane of
the macrocycle and a minus sign
that it is below,

Figure 6 Zro] Ueld £ alt}l Metal2

chair form@E ¢}%&o) six-membered

chelate rings2} % gauche form©. 2 ¢}Zo| five membered chelate rings& 7}%)
2 glep

€Yol A trans-Cr(II)L complexes®] Atz el 2] $utgo] u|YMQAARL As-
sociative interchange mechanism® 2] entering groupol| th3) six-membered ring
sl 9le 2708] #(axial)*¥¥2] C-methyl groupsoll &%t ¢JA| Aojuj2el B o
2 238y ®

2|3 EY C-methyl X[¥oll )3 YA A 7} (steric acceleration), [OH-]
of 1aM&E &3} oz & U AEZy O 2HE ol ¥HS-S SCB
mechanismo]2he AE FFolx 2 et *



Figure 6. Configuration of the cis-[CrLXz]C104(hydrogen atoms omitted)
(NCS)s, (Br)a)

(X2 : (OH)2, (F)2, mal, ox, (S:03), (I)2,

3. 3%}Fe Ex¥s

pHol| ul2 z} g B g Zals}l7] 9)3) ol Fo EMSTF Golzl

313, Z ©tAle] deprotonation constant& Ki, Ko, Kz -+ ol & of
_ [ H'] [ H,. ML ]
+ — n ——
HML e==H"+H, ML K, = [ H.ML] @
_ _ [ H'] [ HaML?"]
H,_ + ,ML? = n—2lY __
n 1ML = H +Hn 2ML Kz [ Hn_lML ] @

10



[H1[ ML"]
[ HML(n—-l)‘] ®

HML ® V"= H* + ML~ K,;=

Berze) AASE Gol iy Ji7) AR HEuE B8 o2 Ui A @
2,

o, — L HML] g = ML) ML) g
Cum Cwum Cwm
o} 7] A deprotonation constant Ki, Kz -+ Kn& ©| &3} @i, a2 a3 - an®
A
_ [ H'] o,Cy _ [ HY] _ _ K,
Kl_ aocM = a, 01 —‘_> 01—‘ [ H+] ao —_®
_ [ H'] a,Cu _ [ HY] __ - K,
K, = a1Cum B a2, @2 772 az_mal
K K,
= o-—-—@
[ H']
[ H'] a,Cum [ H'] K,
K,= = n T n= T 1y+7 %n-
a,-1Cum @ n- ¢ > [ H] Tn-1
K1K2K3"‘Kn a
[ H] " ’

11



2 Hrc}
MBE (Material Balance Eqation ; 8228 %34]) o] ¢]#}od

Cu=[ H,ML] +1[ H,_\ML™] + [ H, ,ML*] -+ [ ML"]

JlEZ, A @% d&s Ar}
l=a,+a,tay++e, --@®
—=> Lo 81y 2 s
a, a, a, a,
— K, KK, .. KKy K, _
1+[H+]+[H+]2+ +[H+]" ®
R Mol 288 FRE FEND, o MY Exjo} £EE ulY 4 @ Ag
+ gleh,
a,= [H11” --O
° [ H+] n+K1[ H+] "_1+K1K2[ H+] "_2+"-+K1K2“'Kn
H O~ A @ Ystd 4 O~Be 2A "}
_ Kl[ H+] n-1 ——®
VT THTTHKL H] T+ KKL H "y FKK, K,
_ KK, H*] "2 @
“CTTHT "FKJ H'] " 4K,K,[ H'] "1 TFKK, K,
— K1K2K3“'Kn __@
T THTHKI H] T HKK H] 25 KK, K,

12



m. 4 4

1. Aok R AHg7] 7

Alete gl ¥ Aldrich, Fluka AlE, §3F ¥ d3& AH83tach  Elen-
ental Analyzer+= LECO corporation?} CHN-900S A}23%31 UV-VISIBLE spectropho-
tometer+= KONTRON Instruments®] UVIKON 860 A}23t}. NMR A EH-L Bruker
400(400MHz) 27| 2 283t Ao, Mass: VG70-VSEQE AHg-3ich IR KBr
pellet B8E #3l UA & 71T Aol 2HEL] metal F2 FJoE YW
2|7t=29} Br 22 a¥o] dojd JlsAd e ® ¢3) mulling agent A Nujol(purif-
ied mineral oil which consists of Cx-Cyx alkanes) AH23JA] 270-302] HITACHI

AL AFLE FM YT

2. 338N

1) 212= ¥
2 d¥ol o] &} Aoz ei=
[14]-diene : 5,7,7,12,14, 14, -HEXAMETHYL-1, 4, 8, 11-TETRAAZACYCLOTETRADECA-
4,11-DIENE DIPERCHLORATE(S,7,7,12,14, 14-Mes[14]-4,11-diene-1,4,8,11-N,-
2HC104)
meso-, rac-([14]-decane) : 5,5,7,12,12, 14-HEXAMETHYL-1, 4, 8, 11-TETRAAZAC-
YCLOTETRADECANEHYDRATE(5, 5,7,12, 12, 14-Mes[14]ane-1, 4,8, 11-Ns xte0) i A
HellMe “L"E AT
£ Agof o] &% 2=t Bdol o] Ra¥ cutis'™gol wel YU

Elemental Analyzer, IR, NMR, UV-VISIBLEZ S22 ¥4 & HU3lgrt
2|tz g ok ¥ch
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(1) [14]-diene ¥}43
AlQ} : Acetone(CHsCOCHs / Fisher Chemical HPLC Grade Reagent)& 3 a|3}od
5 AAY
Ethylenediamine(NH:CH:CHNH: / Junsei Guaranted Reagent)
60% Perchloric acid(CHC10s / Shinyo Guaranted Reagent)
w0 FAE™ Acetone 500mloll 20g(0.33mole)?] Ethylenediamine® T ¥tc}(o)
o go] YAIHA yellow colorZ H¥). o] solution 2uI3}HA dropping
funnel ZF-8] ¢f 1A|Zte] X 55.7g(0.33mole)?] 60% Perchloric acid® A3
7WTH G Al @o) WASHAA orange-red color2 WM{). 223N A E
WEE A 2NRAFID G F Aol A3 Eecrh  AcetonelE MMAE $AH
3 AN FZ POsEABIOlM A AlClEo  ANFHAM  AZRAIZTHWhite
crystalline product?} €¢{%). NMR % Elemental Analyzeri HE S U #c,

Yield : 70.64%

(2) meso-, rac-([14]-decane) ¥4
Ale} ¢ (1)oll &3l #4H [14]-diene
Methanol (CH30H / Fisher Chemical HPLC Grade Reagent)
Sodium tetrahydroborate(NaBHs / Junsei Guaranted Reagent)
Sodium hydroxide(NaOH / Junsei Guaranted Reagent).

W (Dol o2 YP¥ [14]-diene 100g(0.21mole)& Methanol 500mlol ©f
3t wutsle H< 19g(0.63mole) ] Sodium tetrahydroboratez} 16.5g(0. 42mole)
2] Sodium hydroxide& HZto} 71EA 22 ¢4 1412t o) 4de] ZAA 71t AL
ol 1A]ZHEet gt ¥ 158 Zob refluxAlZiTh S 1000mlo] Sodium
hydroxide 50g(88%)& ¢ £q& 71311 o 1A 5¢F precipitateZ} Wiz}
2 agidich Zel3la ¢ F cold water® F ¥ AL ¥ F)FolN ARAIR

t}(o] product: meso-:rac- = 50:50¢1 E¥Eo|t}),

- Meso Isomer
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$ ol ¥4 ¥ product 52g& 600ml Methanololl 7}3l3 Hguizix] $823] &
FAUch =AE of FelA7l Fel¥ ool #'UH Methanol ¥UE ¢ H7t
33 thA] &3] BRAICE o] =AL &l 400m Y] E& Tt ANA|F|
L Aoz ARcTH(AlZe] 2ol uiel oMyt Eyol A44H). I product&
cold vater2 F H MAUF PosEaf3tol A dlAlAo|elell FHAN A= A
t}. NMR, IRY Elemental Analyzer® A& ¥<el¥ic)

Yield : 17.11%

- Racemic Isomer

2] Meso isomer& &[5l o 200ml waterE Z}¥tch < 302EFQH wi}
27 stirringdla ¢ F Ealr) 24714 Bo]3F white crystalline product:
meso-, rac-8] ZHEYU). °lF A Y& rotary evaporatoro X A2l drydl wjz}z]
SulE FEMUI cold waterZ F A MHTF POsEA3Io A dlrlAolElo] A
ZHojA AR A7l NMR, IRY Elemental Analyzer® ¥ ¥l

Yield @ 32.64%

2) Ccr(Im) 25 374

€ d¥olME [CrL(0H)]" 2ol &Ag &UFAL 3slod [CrL(0H).]C10,,
[CrL(mal)]C10,, [CrL(0X)]C104, [CrL(F)2]C104, [CrL(S20s)1C10s, [CrL(I)2]C10x,
[CrL(Br)2]C104, [CrL(SCN):1C104 5& ¥4 ¥ ¥ IR, Elemental Analyzer W Mass
TLE HJdRrl

2 Al¥ol o] 23 CralE & starting materiale] ® cis-[CrL(OH)2] -solut-
ionz} 2 AAQ cis-[CrLCl.]Cl, 22]3 [CrL(OH)2]C104, [Crl(mal)]ClQ4, &
Acta Chemica Scandinavica A 37 (1983) 579-584 oA Hojz whyg =4dic}

(1) cis-[crLCl.1Cl ¥4
Alek i 9] 1)-(2)ollM FAETL

Chromium(Ill) Chroride(CrCl; / Sigma 99% Reagent)

15



Zn-power(Zn / Junsei Extra Pure Reagent)
N-methy! formamide(CHsNO / Sigma Reagent)

vl : 50ml N-methylformamideo 10g2] Chrome chloride®} 10mg Zn-powder&
748l &g wrlx] =& o ZRth oo YoM ¥R 2| TE 18g& T3t
3 2A1Z Qb BHUCE a2V o] AL icedlA coolingdti &elgjich
cold vater® T ¥ MM ¥ EthanolZ thr] I AN P0sE2N 3l A dlA]
Aolelo] 2FAo] AR AlZItHbluish-green precipitate productZ7} Ao 3).

Yield : 59.04%

(2) Cis-[CrL(OH)2] -solution ¥}4
Alet 9] 2)-(1)olA 43¢ Cis-[CrLClz]Cl
Sodium hydroxide(NaOH / Hayashi Guaranted Reagent)
oy 4ge] NaOHE water 100mlo] o]l o] ool A iAol ¥
Cis-[CrlCl.]Cl 10g& 7}8ta autstds 93| sSuiziz] BFUch o 37 F
ot A &ollA Al$] 3 traces of undissolved materials& Ee|¥ch

x HolA YA3IA © Cr2tE¢) starting materialqd.

(3) cis-[CrL(0Hz)]1C104 33
Alek 0 9] 2)-(1)oll A /4] Cis-[CrL(OH)2]" solution : starting material
Saturated Sodium perchlorate(NaCl04 / Hayashi Extra Reagent)
Sodium hydroxide(NaOH / Hayashi Guaranted Reagent)
¥ starting material ¢} 25mlol saturated NaClOs 5ml1& A{A{3] 7}3tiL
SERFE P33 adigich 3 solutiong icedlld WJztAFlm  Eejyict
(bluish-black crystal 24d). cold acetoneZ AIA 313 POsZ2|3toll A HA]A
olefo] FUFZHoIM Wz ARrh
x 2124A : $] productE 0.1M NaOH 62.5mlo)l 7}3}3l water bath(about 91T )oll A
YA3] % ¥ 1nl2) saturated NaCl0& M A 3] 71%ic) o] £4E 0CE YA
7 ¥ 22|31 cold acetone 2 THA] ¥hH AMA N Ax(AMZAY AEc} &t df

16



black color& %).

(4) cis-[CrL(F):IC10, ¥4
Alek 0 9] 2)-(1)olA] #2433 Cis-[CrL(OH)2)" solution : starting material
Sodium fluoride(NaF / Fluka Reagent)
Perchloric acid(60%)(HC10s / Hayashi Guaranted Reagent)
Saturated Sodium perchlorate{NaCiOs / Hayashi Extra Reagent)
uhy . Starting material €Y 25mlol conc. HCIWE pH7Z} oi@} 271 S =F
ZASHAA 71 F Z-sA 2uich o 7)ol NaF 2.099g& H0 10mlol %2 &
g 7}3t ¥ utEIHA saturated NaClOs 10mlE 7}RICh  water bath(about 91
T)ellA o 583 7tedtan G F 0ColM BdzAch  Eelstn ¢ F cold
acetone2 & £ W MA3I3 P0sEaNBlol A dlAlAolEo] RFAHlM A2 ATt
(€& violet precipitate A4 ).

x AAA . ¢ productE £3ke] H00 7}8t32 water bath(about 91T)o A ¥¢l
¥ o] g 0CE WA  Eesln ¢ ool 1nl2] saturated NaClOwE
A A5 7}3H¥ thA] £2]53 cold acetone @ ¥HH MA A P0sE|3l A o
AlAlolHol AEe HAo] A AchHAAF ARch 42 O white colord B).

(5) [CrL(mal)]C10. ¥4
Aler 9] 2)-(1)olA] #Ad %t Cis-[CrL(OH)2]" solution ; starting material
Malonic acid(CiHs04 / Fluka reagent)
Saturated Sodium perchlorate(NaCl04 / Hayashi Extra reagent)
¥l¥ : starting material 42} 25mlofl Malonic acid 5g& H:0 10mlofl ¥ &
N 713 ¥ awrslH A saturated NaCl0s 10ml1E 7IRtc}  water bath(about 91
TholA o 583 743t ¢ F oTolA WA ek a3tz & F cold
acetone® 2 £ H M3 POsEANSINA diAlAolEe AF & o] A= A
TCHviolet precipitate A%d).

x AR ;9] productE £3¥] H000 7}8}aL water bath(about 91TC)olA ¥l

17



F o] &5 0CE YA Eest W ool 1mle] saturated NaClOo&
A3 A riA] £2|313, cold acetonel @ IHH MNIAFII ¢ F PO &3}
ol dlAAleleeo] FL ol AR A|UcHAAAR A2 HEII ALY 94

=)

(6) [crL(ox)Ic104 %178
Alek : 9] 2)-(1)oll A 31443} Cis-[CrL(0H)2]" solution : starting material
Oxalic acid(HOOC-COOH 2H:0 / Shinyo First Reagent)
Saturated Sodium perchlorate(NaCl0Os / Hayashi Extra Reagent)

I . Starting material <Y 25mloll Oxalic acid ¢} H0 & 1:7% ¢l £
A20mlF 71%t ¥ Zub3PH A saturated NaClOs 10m1E 7}¥tc}.  water bath(about
91T)olA o 5EZ sestm o F oColld YAk £esln ¢ F cold
acetone® & F W M3 POsEA oM i AlolEo] FE Hel A2 A
TtHdark-pink precipitate A43).

* AZ2A . 9] productE 4 2Fe] H00 71313 water bath(about 91 T)oA] ¢
¥ o] £4& 0CTE A Heldtil  ofodol Iml 9] saturated NaClOE
A8 ZIEE tir] Besl3, cold acetone L& FHH A A3|A] P0sE2|3}ol M df
AlAolElo] JF& Aol ARAIUTHIZZ Mol I3} White pink color§& E).

(7) cis-[CrL(S:03)]Cc10, ¥}/
Al 1 9] 2)-(1)ollA A% Cis-[CrL(OH)2]" solution : starting material
Sodium Thiosul fate(Na2S;03 / Shinyo First Reagent)
Perchloric acid(60%)(HC104 / Hayashi Guaranted Reagent)
Saturated Sodium perchlorate(NaCl10, / Hayashi Extra Reagent)

i . Starting material ¥ 25mloll conc. HCI04E pHZ} ti2d 27} RI=&
ZA3AA IR ¥ Z-EIA auich 7)ol NaS:0s 6.2045g2 H0 10mloll =
ol L9 J13F F ub3lA saturated NaClod 10mlE 7}l water
bath(about 91°C)ollA] F 583t 7R&3taL | F 0TolA WAt Felsta ¢

18



¥ cold acetone2 2 F ¥ M3, PosEsIIAM "lA]AolEo] AEE Wol
Az A1 71t (violet precipitate A34d).

* 1244 ;¢ productd £32] H00| 7}813 water bath(about 91T)ojlA =2l
F o] 8d9& 0CTE YAk  E2sta o ool 1nle] saturated NaClOF
A 3] ZIEE cfr] E2lBl3 cold acetone S B FHH M| M 3YA| POsE2|Blol A
AlAlolE el IFE& Ho] ARANTHAZAY MRch 43 o 22 Mzg ),

(8) Cis-[crL(1).]C10, %}73

Aot i §] 2)-(1)ol - 443 Cis-[CrL(OH)z]" solution : starting material
Sodium lodide(Nal / Hayashi Extra Reagent)
Perchloric acid(60%)(HC104 / Hayashi Guaranted Reagent)
Saturated Sodium perchlorate(NaCl0s / Hayashi Extra Reagent)

W ¢ Starting material ¥ 25mlof conc. HCIOWE pH7} tj& 27} &8
ZA3EAN 71 ¥ ZEsbA 2utch. o 7)ol Nal 7.496gS H:0 10mlo] &9l &
A& 7RY ¥ 2ubslHE A saturated NaClo4 10mlE 7}¥Fc).  water bath(about 91
T)ollA of 5&3F 7kt ¢ F oColN dzx et Eeldlz ¢ F cold
acetone® 2 F H MAB}L POZASIA ClAlAolE o] 1B Hol AZAIUT)
(blue precipitate A8Ad).

* AR ;¢ productE A 32] H00 7}3t3 water bath(about 91T )olA Q1
F o] §9& 0T YA  Easln ¢ odo) 1mlY] saturated NaClo«S
A3 71 Al #2]3l3 cold acetoneC® ¥HH MM YA P0sZ 2|30l A o)
AlAloIE o]l 213& Zo] AZAINCHANZAS AXCh 7t o Y2 Mzg w).

(9) cis-[CrL(NCS)2]C10, ¥4

Alef i ] 2)-(1)ollM 4% Cis-[CrL(OH)2)" solution : starting material
Sodium Thiocyanate(Nal / Hayashi Guaranted Reagent)
Perchloric acid(60%)(HCI0s / Hayashi Guaranted Reagent)

Saturated Sodium perchlorate(NaCl0; / Hayashi Extra Reagent)

19



9 ¢ Starting material 2§ 25mloll conc. HCIO«ZE pHZ} ciEd 27} HE&
ZASEA JIY F st A zurdich o 7)ol NaSCN 4.1535g& H:0 10mlol %<1
/018 713 ¥ DuB3AA saturated NaClOq 10mlE 7}¥tth.  water bath(about
91T)AA ¢ 5832 728l o F 0TColA AL etz ¢ F cold
acetone2 2 F H M3} P0sEA|3Io A dlAlAo|E ol AF-F ZHo] AXRAUr}
(violet precipitate A843).

* 2124 A . 9] product& £3+8] H00] 7}8} water bath(about 91T)oA &<l
X o] 2NME 0CE PZA|ZItt.  Hea|sla ¢ o Noll Iml el saturated NaClO«&
M3 71 thAl E2l3l3 cold acetone S FHH M A3|A P0sER3}ol A o
Al Aloleoll XF& ZHol] AZRAUHAAY BTt 4t o €2 2L H).

(10) cis-[CrL(Br):]C10, ¥}
Aler i g 2)-(1)oll A 22 ¥ Cis-[CrL(0H)2]" solution : starting material
Sodium Bromide(NaBr / Hayashi Extra Reagent)
Perchloric acid(60%)(HC104 / Hayashi Guaranted Reagent)
Saturated Sodium perchlorate(NaCl04 / Hayashi Extra Reagent)
¥h : Starting material €9 25mlofl conc. HC10.E pH7} thz} 27} ==&
ZASIAA 71 ¥ ZBsA 2utc)h o 7)ol NaBr 5.14555g& H0 10mlol Q)
|9 713t ¥ IukSPH A saturated NaClOs 10ml& 7}3'cl.  water bath(about
91 C)ollM oF 58 7123t | F oTelld EHA Ak Bt ¢ F cold
acetone® & F H MA3t2 POsEN SN dlAAolEle] AFE Hol AR
(& 9 28N B34).

* 43 : ¢ product& £%2] H00l 7}313 water bath(about 91T)ol A ¢l
¥ o] &g 0CE YAt Heldta F AJYof 1nl2] saturated NaClOo&
A3 7HFE i) 22|33 cold acetone2E ¥HH M A B|A POsE Bl A o
AlAolEle] AFE ZHo| AXAITHAZAY HEct A8 42E H).
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v, 23 ¢ » 3%

1. 0t FolA AxFF2HEF 34

Frequency cem™)
10 200 20.000 20.000 40.000
T

T T

s
Py + S0

Figure 7. Spectra of three chromium(Ill) complexes:
(a) [Cr(en)s]®: (b)[Cr(ox)a)*: (c)[CrFe]®

: v\ corresponds to do: CT = charge transfer band.‘®”

Figure 7& 37}%] [CrL](L=bidentate ethylene diamine:en, oxalate:ox,
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fluoride) g0l iyt F4AMEHE Lepdch  371x12) d-d¥ols Ax-HAt
Y 58 EWe Mol 3 &Y + 3en, vi@ EAY Hol: 4
(10Dg)oll A4t¥tct. AWK ligating atom)7} F — 0 — N2 Hye] wa} 2|3t
=39 MZIZE F7HF <0 K N)HLOZH o] F4= 14 s Z7)gkc)

Cr(EHAAN2E AMEHS FM¥ o configurational interactiong =Y

¥ Aol ‘F, Py ey Figure 8 U Figure 99} Pt

0

f DD
) ‘
] :.‘
Mixing } /7 I_/
I . " :'
l/ TP o0 e / ,;; T
- 4% ).
ap —— z, i
$ / s
i SQ g 75¢ e
'd
158 . 10 /r 4
‘ N TeEr oY 4 “
A : /| y
/ b
Iy —L—-ﬁ-\ ————— }-——~—l —————— 0 }f ‘
Vs - “To
A} hl YRy H
Y 123, 023, - L
3 o /
. o “y 1
y \

0 1 N 3
DyiR
Figure 8. Splitting of *F and *P terms in drensase
and octahedral field. Note mixing Figure 9. Tanabe-Sugano
of 4Ty, terms. Diagram of d°

JeiA, o] YAXNAEA F ¥ d-dHol= thEAHYE Uehd £ Qlr}

Ap(F) —> *Ty(F) : v
— 4T1g(F) s Va
—> T (P) : V3
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2 AYoldE [Crl(H0).]” o]&g #YWEAE 3o T} 2 B=(Xe : Cly,
F2. (OH)z, Hz0, mal, Brz, la, So03, (NCS)2, ox)& &4tell AYAA ot Fol &
3= AE, [Crlx.]"& @och o] 2Foll ch¥t Figure 33, 342 UV-VISIBLE
spectrag ©|33}7] #1A G CiAF AES AxFF AHEYH(Figure 7)& 13
3 vao]l A"l Aoz B w2 dyz] Ffule AstolFAo|(cT
transition) 2 ¥ 7l ol 3 EFRNA © Zos 323Y 4+ gt

& Y e=dd o WAt AAM7I(field strength) ©AZE 2REES
Ut 234318ty A d(spectrochemical series)S A Y 4 glt}.

OH < ClI” » Br » I” ¢ (S:03)% < Hy0 < F~ < mal® < (NCS)¥

2. piE 3}l o}E cis-[CrL(0H):]" TFAHEH ¥

3}

Figure 102 pHH%lo] wp& 2zt A E F4 AMEH S Ueld 2oz sHNFe
EToue E¥stA PE9ch Figure 11014 [CrL(K0).1%, [CrL(H:0)(0H)]*, [Cr
L(OH)2]" 2ol & AMEF S 217} pH = 2, 5, 9ol A& ot}

3kd, AN Aol Fo] 2 EXF= pHEHE 7] #13 3EFe X
S (distribution diagram)& FzlY¥ L7t althFigure 12). o] of cis-[CrL(OH)
2]% 2to]22] Absj2)At4(acid dissociation constant): J.Eriksen & D.Monsted
7} d& -logki = 3.331%0.012, -logKe = 7.019%0.014& o] &3l & Ao
o] 8% o] Fol T EXEF T HSH pH<3. 50 M & [CrL(H0)2]*, 3.5 (pH
<TE#lol e [CrL(H0)(0H)1*, pH27% ol & [CrL(OH)]" ol o] F o8t 3}
HE3U& ¢ 4 otk ZaA, [CrL(H0):)*%=} 2 2| =E(Xe ¢ Cly, Fz, (0
H)2, H0, mal, Brs, Iz, S:0s, (NCS)2, ox)& WHEAIHA [CrLl(X).]V& Y43t~ &
o 8o pHa2B = wfr} Ao A
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3. Meso-, Racemic-°o] @A AN 2] IR AHEZH 3|4

324 %t meso-, racemic-olAd AN L] oM AMEYHL Figure 15, 163 LS
o] spectraclA @olx|= F8 band&oll thyt 715718 Ay

Z NH,' stretching band: 2700~2900Cn™, deformation band

FFLE LEhdtt

& Table 33 %t}

£ 1500cn ' ¥ ol A UrERCE

Eol 1Y ui 3,400Cn”, 1700Cn ' H-ZolA 3

Y 4 olr). o]8} L bandE& N.F.Curtisoll &six R ¥ IR spectra ZA3}s}
UX| S Bt 23 B8 o] rac-([14]-decane):5,5,7,12,12, 14-HEXAMETHYL-

1, 4,8, 11-TETRAAZACYCLOTETRADECANE JHYDRATE(S, 5,7, 12,12, 14-Mes[14]ane-1, 4, 8, 11-

Ne-xH0), & Lol 7Iti® ol PP EAZE HAshach

Table 3. IR absorption bands of meso- and racemic-isomer

v (NH) v (NH;') 8 (NHz') v (DH) 8, etc.,
v (NH- - -H) & (NH- - -H) (Hz0)
rac- 3277(s) 2781(m) 1483(s) 1714(s)
3229(s) 2823(s) 1510(sh) 3400(m, br)
H0 3320(w) 2918(m)
2966(s)
meso- 3275(s) 2831(s) 1500(w) 3406(s) 1680(w)
2H,0 3240(s) 2899(w)
2926(w)
2966(s)

* frequency in Cmn™

s:strong, m:medium, w:weak,

sh:shoulder
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4. Meso-, Racemic-o]d 2| 2] NMR A EZ 34

Figure 222] '*C-NMR(300MHz, CDCl3) AB|E ol 87§2] &4 peakEo] L}E}Y
3 g 7t Aot peak &Y WAL Figure 220 23] EA|stgch. o
AHMEHLZ HA] 16712 carbonF thA 22 Qs 8712) resonancedt Bojxl o)
t}.

Meso-, rac-°]’d Al scheme 2004 EHE ] Qe WAE £4 Ha|3y
th 22l€ meso-, rac-o]4d A2} meso-2} rac-o] 4 WA S] TEEo] iy MR A
HEHLS 247} Figure 20, 21, 199 'H-NMR(400MHz, DMSO)ollA Rojadch Qo
A AHMEHE b2t 2 Azbs thea) o

meso- isomer

'"H-NMR(400MHz, DMSO) : & = 0.89(d, J=6Hz, CHs)

d
d = 0.99(s, 3H, CHs)
)

1.01(s, 3H, CHs)

racemic-isomer
'H-NMR(400MHz, DMSO) : & = 0.88(d, J=6Hz, CHs)
8 = 0.98(s, 3H, CHs)
8 =1.03(s, 3H, CHs)
°ol§ ZAAEHFE meso-, rac-o|dUA7} RAF EelEo FATULS YUY
t}h.

5. Cr-2}E2] Mass AHEZ 34

A2l A Cr-2F Mass AMEZ|M n/e 70 peak7} LFERL}=0) o] RE [Cro +
2HI'E $7E] 32 [CrCiHuNi) ol 319 3H= /e 330 peak®} [CrCieHaNe - CHal "ol 3%
8= w/e 315 peak T TAEF o).

2|3, counter ionQl C10, 7t MAY 2t2}e) [CrlXel'(X: : Cla, Fz, Bra, I
peak&©o] EAlo] & peaktl4l Uehb=tl I o2 Figure 2404 [CriCl,) ol )
Y3l= m/e 406 peak7}, Figure 26004+ [CriFa]'ol 8i@8t= m/e 374 peak7l U}
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ERJth.  Figure 3004 RojZl m/e 590 peakt [CrCigHaNal2]"oll 31@E|L Figure
310l Ro§3 m/e 415 peak?l m/e 496 peakt 2tz [CrlBr]*z} [CrlBr2]’ell 2i¥®
th. 53| 496 peakol M+ Br(o] 7§ Br: HAE) FHHL HE&Z &% ne !
494:496:498=1:2:1% % wtEHA|A Fcl
aguh #4te] 2]t=7} malonate, oxalate, S:0:° S duiol ofzfollA RojF
=4 O @ Q5o 23] golt d&sl g A} peakEol VEhdrh 1 o
2 Figure 27604 nm/e 454 peak’} UEhb=d D S wHoE 4N
[CrL(CHiC-0)2]18] 730l sigHct.
g
0 0 0
I I 120-140C

I
HOC-CH,~C-0H > COz(g) + CH3COH ----D
no solvent

¥, Figure 280)|A] [CrL(CO) + 2H]'oll #W%3l= m/e 366 peak®} [CrL(CO)(H0): +
2H]"¢] m/e 402 peak7} Bojz|=t] @2} 22 uhiol &3 AzE MY 4+ olch

0 0 0
(T 150-160°C I
HOC-C-OH > CO:(g) + H-C-OH > C0 + Ho  ----®@
no solvent formic acid
S:0:> + BH + 4e” « 2S + 3H0 (E° = 0.465(V) -—--—-@

Q2 22 wale] 23 AAE Figure 290 A= [Cr(LSH + 2H)]'ol 3lgdh= /e
402 peak®} [CrL(2S)(0)]'oll 33}l 416 peak?} HE o] |
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Figure 10. Spectral change of cis-[CrL{OH);]" according to amounts of
0.2M HC104. Futher details of this are given in Table 3.
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Table 4. Summary of spectral characteristics of some cis-L-Cr(Ill) complexes

in aqueous solution.

Number Amount of HC104 A sax[nm] Absorbance
a - 613.0 0. 464
b 0. 15ml 586.0 0.477
c 0. 30ml 575.0 0.525
d 0.50ml 560. 0 0.544
e 0. 70m] 546.0 0. 556
f 6. 00ml 529.0 0. 553
g 5. 00ml 530.0 0.583
h 1. 00ml 537.0 0.590
i 2.00ml 532.0 0.632

* 4%10mol [CrL(OH)21C104 was marked by each measured solution(use 25ml

volumetric flask).

Table 5. Summary of spectral characteristics of [CrL(H:0]2]%", [CrL(OH)(H:0)]*

and [CrL(OH]2]" complex in solution.

Complex [CrL(OH]2]"  Asax[nm] Absorbance & sx[M'Cn] Medium
[CrL(H0)2)* 3.680%107%mol  532.0 0.632 172 HC104
[CrL(OH)(H0)1* 3.952%x107mol  575.0 0.525 133 HC104
[CrL(OH].]" 4.000x10mo1  613.0 0. 463 116 -
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absortance(™ 'Ca")

IRE=TeTs]

[t nma®
/0
/ \ _\I('“'"'“!!—m\f‘
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/ {CrLroms1

EYS R RN

wavelergthing)

Figure 11. UV-VISIBLE absorption spectra of cis-L-Cr(Ill) complex and
their deprotonation products. Futher details of the spectra
are given in Table 4.
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absorbance(M 'Ca™)

. s B - S

- [CrLCl2)Cl, A ma:570.0nm

TN

~_
e 531, 600

_ ferLifa)’,

[ G 1%

e [CrL(OH)2](S).  Aeasi614.0nm

[cri(mal)])’. Anaxt 527, ONm

™ 1 -
3de 490 200 [ty 790

wavelength{nm)

Figure 33. UV-VISIBLE absorption spectra of [CrLCl:]Cl,
[CrL(OH)21"(S), [CrL(F)2)1", and[CrL(mal)]".
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absorbance(MCn ')

1.531

2.000
3

~

o (CrL(D)al".

{CrL(Br)2]’. Aws:570.0np

Amei 568. Ona

(CrL(S203)}", A war:556.0nm

(CrL{SCN)1)",
]

A s 526.0na

0o

400

500

vavelength{na)

£QQ

Figure 34. UV-VISIBLE absorption spectra of [CrL(Sz0s)]",

fcrL(1)ql’,

{CrL(Br).]",

51

and [CrL(NCS):]".
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5,7,7,12,14, 14-hexamethy! -1,4,8, ll—tetraazacyclotetradeca-4, 11-diene dip-
erchlorated #WEAE 3l peso-, rac-(5,5,7,12,12, 14-hexamethyl-1, 4, 8, 11-
tetraazacyclotetradecane)hydrate, L& 34, w23, NMR, IR 23ty
UE o83t Mzttt o] ZFol elMn] HYZI oo (Y& o] &3}y
[CrL(OH).]" Zfo] & B ole Qg 4 Qlqr}.

[CrL(OH)o]" -8o4] pHEB}Z B Uehd 2 ol 2ol Z([CrL(0H): A
m = 613.0nm( cwx = 116M7Cn"), [CrL(OH)(H0)]®: Amx = 575.0nm( e =
133M7Cn™), [CrL(H0)2]®: Amax = 532.0nm( & my = 172¢7'ce ))& AAFLAMEY
2= RH H¥Ayc}

°f Z¥ &4 pH<35  3.5<pH <7, pH27 uelolM  z}z} z2ze
[CrL(H:0)21", [CrL(OH)(H0)]*, [CrL(OH)])' Qe B8tz e] Yzmce BE o 4
UL, [CrL(H0)o]" 2ol Zo] 2FE o2 Zajsie ****%Qﬁ(pH = 2.0 B32)ol
M &8l AUH e HothAle] TR AL I, B, 1, S04 " F,
malonate, NCS', oxalate)& H}g-A13) Cr(Ill)-Acize HES <At

(CrL(OHz)2]" + L — [CrL(L* )a]™(n = 1 or 2)

2213, F4ol 2BEs AYY or(l)-Aina FEEe Yoloj= =g
Mass spectra Z2}7} o] 8Egli=o] F4Abe] 2=} malonate, oxalate, S,05° %
o 8ol FE urg

0 0 0
I I 120-140C Il
HOC-CH,-C-0H > C02(g) + CHsCOH ----@
no solvent
0 0 0
I I 150-160T
HOC-C-OH > CO(g) + H- C OH—>C0 + H0 ----(
no solvent formic acid
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S:05% + 6H' + de” « 25 + 3H0 (E° = 0. 465(V) -

& AP YA BN, YAy £ oocy
U o] g, ([CrL(l’ )"} EY FAFFAHEPO SN 2z el A
71( 40) 8 =o =M ety Adg 2ygsisict.
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