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Studies on the Synthesis of Compounds Capable of
Structure-Funtion Transformations
Modification for Extracting f-Orbital Elements-2

Yoshiaki Kobuke*

Abstract

In order to extract and separate metal ions contained in high-level spent fuel
from nuclear reactors, novel hosts capable of organizing the structure on transition
metal complexation were synthesized and their properties toward metal ion binding
were characterized. The metal-organized hosts hitherto developed were modified
so that they could extract f-orbital metal ions.

A linear prehost having two salicylic acids at both ends of an oligoether chain
was organized by uranyl in the presence of alkaline earth metal hydroxides into a
pseudo crown ring. The reaction was found to proceed smoothly in the presence of
template metal ions such as Sr**. The resulting pseudo crown entrapped Sr? in
the host cavity having two minus charges provided by four negative from two
salicylates and two positive from uranyl.

This organized host showed strong binding ability toward various metal ions,
alkali, alkaline earth, lanthanides as well as actinides. An NMR titration method
analyzed a large selectivity for Sr** among alkaline earth families, which were
favored compared to alkali metals. The host showed large binding constants
toward lanthanide and actinide metal ions and selectivity as well. The Sr** binding
was much efficient when compared to [2.2.1]cryptand.

Work performed by Yoshiaki Kobuke under contract with Power Reactor and Nuclear Fuel

Development Coorporation

Contract No.: 080 D0214

PNC Liaison: Kazunori Nomura, Development Section, Actinide Recycle Process and Analysis,
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EOFBR, A VT —FVHOFRIC B -V Py e AT LA WEARTAI L
&), CulDziEDLTHHLDEREREA AV AVTHBILL, KBRSy
YERRMBEEAT 2R MK BIAEL 2) ALY 5 LATaECHBE L%
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FOLLF VI LBAHR EBVBRIRMERTC 2B L. COSBESL
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_2._



l Principle of Metal-Organization'

-, (2n-m)-

2n-m £ 0

for efficient binding of M,

— (m+p-2n)+

[Examples of Ligands PreparedJ

(o Q e

O o 0 o)
JACS(1992) JACS(1995) Angew. Chem. Int. Ed. (1991)

1 7=#4 YRt E2EBEBA T VERHVTRI I VHRA M
ML+ 2 EHE L ABLE Y
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LEOBRESEFEEBHTRE, ERAF VICLDHBILE T — FEkE TR LIS
SoTHERTHFX MREWLET L, BMALERA + ViR s i T5
ENTED, FR2MULEDB/BH LA TELERA 4 ¥ OHIRICIAFEB IR &5
BT2b0ifFens, BRCARERITER 2008 Fa - Vi 3MHDORYELE
WTHELT 2 Li2s ), 2KkE LTS+ X 1iD+R X P25 ({LAaWS) +
BT EHEIIL T7zdt, @D BYERICEG A Fa -V 2S5t kX PRI T VHE
FTHEZTECRBRAT 2 LIS - 720

CDLEIBKRRDOG & T, BEEEABRL 24 Y FIVERIZHIZCIRE O Ic B %
FHEALTVWRLEZONT, 200 VFVERIZ4 2O A FRAEH 2R T 2
TENTE, TOEFHLEBEREA & vt 23w R LAWK 2 FIE L T 2
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BIRERLELT2O0DYA FAEMEETHIEEL D, (Eo THEKT AR R MK
BI7=FVEMNTFHBELT, 2MULED A F4 %27 HIRT 2 L AWREC %

LEBbhD, ThidxbaryFona, SU5=F, 727F=FORBRICEDLELE
R MRELLNIESD (Scheme 1) o 2BH ) FNERIZAT a— V&R bEALR
HREFCEATWS EFHIL T, FEHLOERBA ¥ EOBRERTT
AT DX 2B o 70 |

Scheme 1 7\
O O
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MeO HO / OMe q:
4 H,CO 0CH3
O

N/ \N/\
o o o U0,
HO—{ OH HO p—ou M"
0 o
6

7Ca(M = Ca), 7Sr(M = Sr), 7Ba(M = Ba), 7Na(M = 2Na), 7K(M = 2K)
7Cs(M = 2Cs), 7Et(M = 2Et4N), 7UO(M = UO,)
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F5— b)) KEBREMFAAGILT 2 HECOWTIREIRHEERSE L. LALTL
R M HRR MERERIRICOBEUELIZ L0720 T, TOHABLEICIZON
THICHRET L 25, AV 2€RBKBIYOTERICL>TER (Y F5—F})
DI NVERRERTARICHRESERG SN, WRIERA A V27 VA Y
HEBAA V20V DWETF VYT V- EBAFVELTHWEZ EILE W KRERY S
ZWERRX MBELEIRLLELIENTES (Scheme 2) &) HBEEVEIR %2
RwnZL, ChitloTERBENERVWABILEL ML LD T, T CHEEREDETE
PEDTEDTHRET %,

Scheme 2
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o 0 o o
6 ™
1ImM in MeOH

3. 1. 1 7VMHYVTEERA+ AWML

SREMNFOIMKBINET 22004 Y FIVBREEBEBEHVTT7 — ML
LTHBILL TR 5y YRR EE2 - DDEBEBA AV ELTYS VA F
VEBIRL: CRBYTNAAVH2MOIFA L ELT, FEAIK 3 ODHEE
V7oAV RZFANTARLA T ADBD TEELR VI IREEY 7 = VKT TS
CETHLIALRLEII, FATT oA VEMNTFELE7 — MEREEBR T2 EXTE,
AELGEMERELAL, BoFmBIsE 2 R T 25, EKAFEOHVET S
PRT7 =4 VEMFERBIR7 =4 Vw2 FEKICHBIL T 27D CFETEINELER
PNIBBEOERBA T/ THAENLTH S,

BItt, SFEEICIC L 28 REFEOEHZEES (KY < —) @17 THFAHEILK
B BIRHICITHOESL DI, 621mMOGEA Y / — Vi EL, CTRIYED
BEEE Y S =W E2HBOT VA ) L HEB KB MAZRTHEEL e TIVHY
ERAEBALH E LTKBMER PO F oo 2HVTHEREE EBEOUVARY IV
OZEALE 2R L7720 60D A max=31Tnm DHEINA*311lnm~& 7 + L, T/,
350~600nmfHiE iy 7 = VOSFLICE SRS B bR LT, 6LV F=NE
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Wave Length (nm)

K2 KEBMEA PO YF I AEZHAVTENIEER ERATEED
UVARY b VOZE{L (MeOH)

H3ICCORICDEEWME 7 VEAX FP6ONMRANRY PILEELTIR L, <D
ARZ PIVED, EEYBZBRIESETHEEEION, 7, SICHRTHEHLLS
DKEEEZIHF L Cp-OTu b vAEEEY 7 MLz EITED, 72/ — VKR
EHIBUEL TWLILIHERIN, CREHLTEYZ—F VS Da, B, yHiL
O7a YR TRTEREGUC7FLTEY, RYVZ—F VPR Oy F I A
PO RATNTVWBEI LEMTRETELNT, ThODERILHFEED, vI=
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WAFLEHY FIVEREML & DEETEERIC L o THEFTNBZEH 2 X b o YFuhAzRh
RALIScDEEITBE ENb D EE X 5N B, (Scheme 3)

Scheme 3 /—\
O
(CH3C00)2U02 * 2H20
Sr(OH), - 8H,0

° \

0

6
1mM in MeOH

I, TVAVIEERABIEME LT, KBIEAN S 9 A, KEBILISY @ b %
WT, FIROSBEREETo 2L T2, UVARS FVICBWTIE, MADEAD
m&mxbuyfVA%mwt%t;<wt.L#mefT»inﬁﬁﬁﬁu;
TRLBARY P VEEHFBAIS h, SEBEIERSNT, ("4)

m@mﬂuvA%mwf%ﬁ&%ﬁofﬁentﬁﬁmﬁmmmzxab»@m
DMSO-d6 P)it, FEBES, RV L —F MBI LS TO— KoV 78RS o1,
ZZ T, 1&mr§ﬂm%‘f§§t¢«<, &1 # DMSO0-d6 £ DMF-d7TDiE A (4:1) & L,

OCTHELLET S, YT FVREHICHBE L, o TARGTE D NAERKY
ﬁvﬁﬁwﬁ%%féb,EﬁfuNME%Ex&—WT@o<OtLtﬁmwﬁcg
TVRBZEDRRE NI CORBTHBELERIGBEEBNY v AMA L5,
HHEEG U OE — 7 OFIEHMHML, —FREEEY SVt 2L, BB
HUDOHERDE — 7 OFIEGHEMT B LFBDL NI, COZ S, ZHAKR
Bad # ¥ 2 U RAAZZHTFERY TBa (NMRAR Y F VIHEREEI O ¥ — & 1345)
OIS, VI =NVEFEMDRAALETUO (NMRARZ P VIRESRIEMO Y — 2 o3t
&) BEELTWBZ XSRS S,

TWHVEGE LTKRBIEAN Y 9 b8 BVT5E8 S, KEBESY Y A2 HGE
LB, EBYD'H-NMRA NS b VICIEEENBEOEEITDLN, 0551
DRIKEBRIENY 7 A HWIGAIRELEZTUOTH oo ORI AN Y
LAZMA B E, TUOLSDY 7+ VS OEIAIMEMUL S EDS, ANT o L%
RACWIBE Y 7 A0 LR, 75 244 v BHBIELEEY 5 v v E=HH
KO T=NMAF YEEEZIDAALZEETUODER ko - £ ET L0 D
tEz 613, (Scheme 4)
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A) DMSO-dg/25°C
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8 6 4 2 .
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| ] "
%k %k
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3 1 § 1 1 L [ 9 l i | l—'
8 6 4 2
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A)DMSO-d6, 25°C, B)DMSO0-d6/DMF-d7(4/1), 0°C
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6 (CH3CO00)2UO; - ZHzo‘
M(OH), y + o
MeOH(1mM) Y0z Yo
: / \ / \
0 (o} 0 (6]

7Ca(M=Ca) 7Ba(M=Ba) 7U0

VIZNVRTVRRAMIFLTHEHELPHAVTOWZWIZOHEDLLS, DL iicy
ToNVHEEPENRATNIEEKES R, 7V HY EHEEBOEVIC L o THEEE
DITFH R o T BERIE, 772 UDBEBIEL ATy S =g F Vi3t LT
MWD ARGEERL, TVHVETEEBA AV 2HBRLTTHOHMIATREVDID
EEZLND, ZHIC T4 v FTBEA MO YFY AR, B2y VIBEOFEEK
K&z, NMRURVTIRBHETELRWIEIED Y 5 S VR L 788 L % s,
ZIELDANECANY T A, HDVIERELEEAE D5 9 A ZEETEBEE /N
&<, SNEEDTUORERT 2, BIZ7T VA VS EMA T, 7LhX beD—
HOELBET 2 EAPRDONEI NG, ¥ U6 LBEICEET 2 HREEL
%570, ZHOFIIIATINEERBE LTINS DYT =N+ 3B RA
PRSI RTVHDEEILNS,

3. 1. 2 TNHVERBAA 2R

SOIETNMAVEGELT, 6K LTALUEDT VA Y €BKEMLY (L5 c2/f
DT NVA)LBHEBKER{EDEAVZ 532U ELHEH) 2B ORE L
720 KKEBRALFT PV T AZHWRGE, A MOV FIADERES LR CEERIIEER
WCET L7, KEMEA Y 7 A2V GE1E, '"HINMRARZ FVIZBWTEN T
o724 1 (Rf*25E L —2) OERLER SN, TFHTELLES S
VVREGADLRICRAREICLPET L ah otz T/, KEBILET Y A, KEME
FEFIZFNTVEZ YA RERISYVIBOKEERLIDKREVT VI YERBLA ¥
FRAVWEGEAR, ThENROUETNVAIVERA A 288757 VEBERICEDAATL
SELNV6DT VI 7=F VHEFFEEYTH 272 (HT)e THEHIIZ, 60T T =)V
AWML, 8759 VRAKMYATINIEBA T VOKREEHFEELRF
THh, BEALLBACREREENCE S VBICHBILE NS, BELEW
BERYINVEMYRAALERILE: 52207 V7oA VR 5, S ICH
BMEBOFT VTV — FIREFERAL TWAE I EIRENT,
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6 7N ESGE L TKERET LY v AA), KEBMED Y v AMB)%
BTt s €258 DNMRARS M IVOZE4L
(DMSO-d6t, 25°C, *iX(6-4H)*IZIRE)
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HUIT VAR L6BLUINLDY T VEARDEY T —F VS DILET 7 + %
FEDTRLI, CNEFHL(BIET AT LICE DRSS L THaBED 2B At
ot TR 77 VRAKETOREVAGER A A T N0 FH S 1lD
WELYORY T —-FVESOH, H, HOWTFnd 7o by bEESCY 7ML,
RYVI-FNVERI TV VRADAF AV HEOHBHEERASBELMICED LN,
ENRMMBHSKRKENVIEIERE W, 72, KELRZA MO YF YA, YT ASEKICIEX

ANy AGEROR, H70 by OaRKE (KRS ¥ 7 b £ 5245595, Hy, H7
O b YOS 7 P&, FREICE D RELRHY 9 AssKE MY Y A8EED1L
FU7FOABKLEARPRDON, F MY VAEKOH TO LY OERKEY 7 M
REWH, Hy, H70 by OEEGE Y 7 P >AZ v, SO LR ENNERINY
Th, TRIDALAVRBEI IV VEREOPLES DS, BEHEEACEN 27
I brT7T=AVMITEOVTWAE T EZRLT WS, T LOFRIZ6EY T =
DEFARBIICEBZT VA, TVAYTEERA 4 v OBGRFEIREEDICTRL,
BARE L BEMMR LRIt L T3,

£l 6RU6ND Y T = VARG OEIRICHAF Y 2TYRAA f‘ﬁ’*ﬁWJ
RY =7 VEGTDILEY 7 +(ppm)

cation H, Hg H

T

none (=6) 4.10 376 3.63
Ca** 4.36 3.94 3.82
(0.26) (0.18) (0.19)

St 4.28 4.01 3.82
(0.18) (0.25) (0.19)

Ba?* 4.29 4.00 3.82
(0.19) (0.24) (0.19)

Na* 4.25 3.88 373
(0.15) (0.12) (0.10)

K* 421 3.94 3.78
(0.11) (0.18) (0.15)

BLAOftizeH 5D 7 Mii(ppm)



3. 1. 3 EBHSRX Ak

PEDRKREEE X, W4DTNVAY, 7VH)VTEEBAA V28259 v BIC
WDRAALEERENRE CRABTZ FEOHL AR L 20OBEF S L—} &
LTELTVAY, FVHA)EEERAA V4 BHICEWTY S =V & DS % 5F
KEDHZ LTS, THHLERBA A VMY RAAFSBEIUIRL(BORBE L%
Rwiiliz #l%7Ca, TISric2WVTRT, 6NIMMA ¥ J — ViEHLICEEERY 5 = )L
EXRBALRA Fa Y F O AHBVIGKEBMEA VS Y AR IIX 1, 25ICBEOELR
POYFOLHDWRIBMANY Y A2 MA TEEHRL, BRENELATE) S LIS
LNB/BELET S, 'HNMRIZBWTTCa, TSrOANDARY FVHEL N, (H
8)¥7:, TDISrOFAB-MSANRY bWiRSFAF+ Y E—2 (6-4H + UO2 +Sr) +

= T1T%5%, 7VKZAPELHEMILEBAA VoS oMb U7y 7ZL—FEL
THORAINAZA MO Y FILEEATYS I & HKHF S 1 72(Scheme 5).

Scheme 5

o C @“3

° < (CH,CO0),U0, - 2H,0
OH H M(OH),, MCl, o,
:<</ z \gt Yo
J—OH HO—{ MeOH(1ImM) / A
o) o (o] (o]

6 7Ca(M=Ca) 7Sr(M=Sr)

IRTNVAVERA A VS E LTKEEIED ) T A2 HWIEREILBVTY, K
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CHLNhTwE, BO2lin7 =47 EDEDATEHEWAELT7— Mkt 2
DT, ENCOERY ) FNELHBET 2CHFELERA A ETHBLEZLN
Z’@T’}ﬁ‘l‘flo

PVFS— T oFVETRERDT NV IVESEMEABLENS B, ChIZT NV
) TBRERKEY, 2P TOKBIEA POV FOA2AVILES 59 VE~D
MBIV EEBHICETL, B2 79 VBAIICA FOYF 9 ALY AA T hsEks
BN, A O VFoARBI/SY VBOOBCEDL L 74y VT 2B/ 4
YT, COMDAF VIBROEREERFIELHILICLY), TNENOEREA +
YE7 79 VRAKCIDRAIZEREERTEDN, 747 PLEVWERAF V2 H



WBEREDNFRELCBIL, 82 77 YRNOMMILICKERF 7L —}
MRAH B &) BBRRWIIELF IRV L,

HEgL 72059 A8KT1Sre b+ AW TNMRBEEIC LVERAF VY EO
BIRUEFML 720 TOERA MOV F 9 AT AHNFEHEKEUTOEY L5
'ﬁﬂiLt’.o

E VIZNVHABIERZ NDOTIVAEY, TUHY)TEERA 4 Vit
3R EK

M?* Mg Ca* Sr* Ba* Na* K*
11722 A) 0.72 1.00 1.18 1.35 1.02 1.38

Krel 1/900 1/5 1 115 1/14 1/30

CORFRITNVA) TRERBA 4 VETREAZBIRESBHL A THY, APy
FOLACBERRBIREZRL TVHVERA TV ROFD 74y VOEELRFT
HHY, TNLLTFHINAELY) SN CEHERTH Y, GEHEEHOEEY
*RLTW3,

SOOI DEERDERS T VRIIANTY IA, XYY ARFyTL—bELEEE,
BAHEOBR IS VIPFETIE, VI NVERYVAAFSEKL5E 225852
DYTZNAF VDD LI ARGE L THBETAC L BHLM o2, 125
VI ZFEBA A VT AEMIAKEL, FVIZFAFDILTRHRIKREN
AFEELZFL, ZHECTIA Y VT2 V3B HICHIRTE 225, BbA 4
VEREDPNEVVTFIARY T NEBOWHELTRKBRLTWS S L2 RET 2 EE
BEBFLNT,

CDFAPDERBHIRMEEZA P oYy F oAl L TECWHIREEZET 2[22.1]12 Y
TV F, AVTIACHLTECVHiRELZA T 2Quin2 L LEEFML-&R, 0
RA MR PO F9 AL TR2.1]12Y 74 ¥V F & 5055 ifiREe 2 oo &,
T, ANTOALTHHYUEVHREEAL TWB I L9 h o 12,

ULtn#R, SBRHABILEACT7 =4 VR MEKLTEB X B EICL D,
2{fid 2 WIISMEERA A4 13 LTI WA HEIC % 5 2 LR E e,
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