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Synth?ses and functions of coordination polymers that transform to molecular
capsules
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1,4-bis(imidazol-1-ylmethyl)-2,3,5,
6-tetramethylbenzene (bitb) an [Cu(bitb)2Br2]
M2L4

For coordination polymers that transform to the molecular capsules, new
coordination polymers have been synthesized by using 1,4-bis(imidazol-1-ylmethyl)-2,3,5,
6-tetramethylbenzene (bitb) as bridging ligand. Reaction of CuBr2 with bitb gave [Cu(bitb)2Br2] It
has been shown that this compound transforms to M2L4 molecular capsule that trap perchlorate ion
within it when their compounds are immersed in an aqueous solution that contains the anion. Because
both starting materials and the produced compounds are insoluble in water, the perchlorate ion was
selectively removed from the solution.

For other coordination polymers, three new coordination polymers, [Cu(bie)2(MeOH)]S04, [Cu(bie)2
(S04)IMeOH, and [Cu(bie)(CH3C00)2], have been synthesized by using bis[2-(1H-imidazol-1-yl)ethyl]
ether (bie). Compound [Cu(bie)2(S04)JMeOH is a kinetically controlled compound, while the others are

thermodynamically controlled compounds.The structural transformations among them were clarified.



# X C—19, F—-19—-1, Z2—19, CK—19 (JtmH)

1. WFIEEHAR S W) DY 5

bz A Bk T2 7 =4 R A M,
KGA A O, &5 WIEE O EETHE
REWCHEMNTH D0, £ DOIEMEZ KR T
REIEDLZ EITREEE SN TE 72, T,
A A2 OFRFICHIH & 5 BLALRE APk
FREADKD I L - T, WD TES YW
EINBDTHTHD,

N ¢ VR A R R G 7 S T AV < R e
1,4-bis(imidazol-1-ylmethyl)-2,3,5,6-tetram
ethylbenzene (bitb) % 2GRN 112 HWT
B LT BN 8 0 TN A A v LA E D
BT LT, OKEERP TS ZRERBA A
BRI L= 7D F 2R S
HHZ LTI L T& 72, FRZ, bitb & itz
2> B AR L T2 BLAL & T KICARETH
HICH LT, WEREEA A2 G LK
RIZRT L, ZOHTENAGFIZARICE
¥dsZ LERMLTE,

2. WEDBEK

T = AR A M, BALAEASOKEE S EF
LTl A &8T5, LrL, 2
DODRAEERITIAS FICEIOVESGICHESL
5728 KIEHR T CraA A 2Rk iE 3 5
T oA ARA NOEKITBO CTHRETH B,
AL TIL, KRB BN E W=7 =
F AR NOBCERERIGCEHWT, KEKR
Tz, 7= r&HiE Lz 7w sT
EERIEDLZ LI L TE L, ARIFET
XA 7 e FICBRBICERT S~ D
BNy T2 AR L, KIS baEA 4
ERINWICHE-BRET 28 LT =42k
ANVAT DEMNLT D, S 52, ZEEENL
FICAEMERZED Z L T, EROERMN
Rl AN TR AT o e =) A DI A i e R o L N
sndpastr it BaArn (xf
A FELT) FECBREISNALS AT
L7 — AT LEEBT D,

3. WDk

K TNy T~ DB I L TR T
DFEA F v % il T 280 & 0 T O &
K. BELOZEOEMFLZITY, 2 ETI
sz LCx7- clo,, BF, Zhnz. NO,, SO
BIO I oaZ A1 4 & 2EIR
ACHIPE-BRE L 0 DAL E D FE Bk L.
IS OBLAL I AR 2 FF OB A
AL, BROAHFEOENLE D T E2AKRT 5,
NS DOENLE S T DT T RIS F DI
WaFIH LT, A A2 2T TRIBA A
v EDOREREEZEIT S, RN,
B L WK O AKAL IS C & 215
ZEBT S, BRI, 1 mol/L DT
N U D AKIEIR (KO SRED 214%) 2
HNa" & Cl” ZBEL BBz 5 %
0.05mol/L LAF (IR TN 4 —F —FLHE)
DKREAKTE HIEEEERT D,

4. WFFERLE

(1) BT NBISERICERT DR R T
DER & EDOEBBSEFIH Lz €10, @
BRI

bitb (0.883 g, 1.5 mmol) % DMF (100 ml)
2. BAbSR (0.335 g, 1.5 mmol) %K (100
ml) [CENFIIEM ST, 25 ORKE —
RIS S, FH—BEEET D L TRE
OB E LT OH OB BN S S T
{[CuBr,(bith),] * 2H,0}, (1) Z# UL & 691 mg
(I 53 %) Tz,

{EEW 1 OIS % B & X B E AT 12 X
DEASMNT LT, ZOFE., Zo/baWwix.
A A& 25D bith BNEETHZ & T,
IV ITRIO—RTEEEER L, S 51—
WL OB RAL A A 2 2BV A AT HE
HERLTWAEZ ERHLNIR -T2
(Figure 1),

= 2 e =)

Figure 1. bitb O#i&E (a) &, BLE T
1 OfESEE (b). &k Cu™, JKfa;C, H;
N, Zf ; Br.

ZOBNLE ST D I TNy ~D
(RS . KR D DFEA A OBINAER
EIEWEEZ BT L, Z OBLE S FIEKICAR
ETHHICHLEDLLT, KEKRT CinEREE
AT DFIET D56 ZORA 4 v ik
L7z 7' 51 [C10, C Cu,(bith),
(C10,),1C10, (2) AT HZ ENANWEES
iz,

W R R AL

2.5

2.0 1
=
— 1.5

S 1.0

Q
o

0.0 : : : : :

F- €l Br N0, No; S02 Clo,

Figure 2. EMfimm 11 2Fx DA 4

B EL/KIIRICEIRI L, 24 RS S § 7%
D2 DA F v DIREEZAL.



R LI 7'V B K TREET, o
W SEEEA A 2RI T 5720,
Fix DOfzEA A 2 P IAFT 2 KB B
FeA A B RIRMICHHERRETE D 2 L
N BN E 7o 7= (Figure 2),

F 72, bith LB LT AT S
MU D L% MeOH / H,0 IRAVEEEH TS S
T, Rk xHEELOBRAMNES D T
{[Cu(bitb),(NCS) ] (NCS)- 2MeOH- H,0}, (3) %
872, ZOENED B KRR FIZBWT,
EIERMEA A oMz LY . BT
T 2T D LN RAWEa T, miE#E
WA A 2 ORHITHK LTV aBRMEN RS
NebOo, BRERET, BA&ES 112k
TIERWZ ENR o T,

(2) BN @En FOERESIERIT AN =
Z

BCNL & oy 100D 1 7' vy -~ D BRI
&% R U TR T 0 D e R A 4 v
DEIRWIHIE S NS Z ENRAWE ST,
ZOEBISIE, ImEREA AT Lo TH|
FEZENTWS, 22T, BTG FN
TRTIRIEFEEE A A ORI T S
A= AL wH BT LT,

BRERLAT 1-12 bith OV XA I H Y — )L
7o K 1,4-bis(benzimidazol-1-
ylmethyl)-2,3,5,6-tetramethylbenzene

(bitb) (Figure 3a) % filgdi & i S H 5
L T AOF EANCHIBA AR T D
H A4y F [S0, C Cu,(bbitb),]S0, 235
bhd, ZOh TNy, BERET N
U0 LKERICEART Z & T, fA Ak
LCHEETAD T EASTONDOFMEA F
YORHNIMBE R A A L ML TSR
[SO, C Cu,(bbith),] (C10,), (4) EFHN D,

a)

b)

0.3

0.2

Absorbance

300 400 500 600 700 800
Wavelength (nm)

Figure 3. bbitb O#i&E(a) & W 7 ENLHTF
4 o7k b= MV VERICKZMZ T o7
BED AT FVZEAE (b) . KOOI
ST TRV T4 OERICH KT 558k
Ev7 BRI,

TOHTEAST 4 OTERN= UK
WIZKEFH T LTV &, A Aotk

et AN, BT BNANOWREEA 4 LD
BSOS EIT L, SO d-d BEO 7 b
NEH S 7= (Figure 3b), WK DS DI
K Z 30%23KIC T2 o T2 BRE T RN
T L7, Z3UE. BT BAST 2D FHIE
ROBKMEDIKT, >F 0 HAMEOBINLE
VN, BRI R A D ORERERA A0,
AR e E b OMBEA 4 & ZMT D
T ERLTWS, o0, A7 EAEZED
T eBREE DN BKINC 72 D56, IBIERER A A
NI LY BUKRRBREN RN RN
BYIAENG L D ERLTWVWS, ZD
FERIL. D TR OBIRAY 22 FE A
A OWIT., F OBUKA 72 22/ N R
AF AT L TEWEB R A R~ Z &2 H
KTHILEERLTWD,

(3) BT RAGF DRI A F T
N5y 1 DA

BOAL &y T DB BN T~
IR FEER A A ORI IR =1,
h TN OBKNRFRE, 2FY, BT
BT T B BRI 7R BRI B R
HZENHALMNE o, ZORNE AR
L7, T/ R IGA A TERLNL
STEER L., FDOH TS TE T TEIL
SFORICIER SN D ZEME=#H> = LT, K
Wil OB FEERA A BB T D 2
LTk LT,

BN @ oy 0 7'V FId H O EMR &
W 2 38 Fe C R IR LS A5 T8 O 4% 23 A ik
TBHZENEW, BLES & h TS
EWVW D B DB AR — O &y BRI
AT Z L IXFEFICHEETH D, AR TR,
SATELEDFE R, bbith Z AV & Kb S
HZ LT, ZOXIRBEENREEE SO
A& 45y [Cu(bbitb), (- -C1-[C1- (H2,), T
Cu,(bbitb),])1C1, (B) ZHMT D Z LITHk
HhL7-,

Figure 4. HiMm X BT IC L v kT L,
BONLE 20 7 B DIEAFHE. bbith O X FNIE
A L TR,

IR I BRG B X BRFEATIC L W IRE LTz, 6
A AL bbith [ZXVEKEINTZ 2% T
— b®D L FIZ, bbith A A HREE K



NI=T TS TFIN. LA A DBEE %
LU CTHAG Ll Z > T\ d 2 &5y
o= (Figure 4),

a) 1.2 ; . . .

10t BERBATUBE
=
€ 08n b
~
é 0.6 1
Soapte, WREFLTIL
5 D S
o 0.2+ " . -
§ wRYUTIL e

0 ) . )
0 30 60 90 120 150 180

Time / min
b) 1.2 : . ,
10% HEEAA U BRE
2 x
g 0.8}
~ “
c 0.6 _\\\
'E \
QOA_XL;Ka,k%t@@Xﬂ>7»
8 e
g 02 mgEyTL 0
oo

0 30 60 90 120 150 180
Time / min

Figure 5. Ry T L fEmy 7
A ol A VAT R N B = - 7 i
(a) & M A A > (b) DRI 63 5 2= 00
PRI EEZ b o)., R TFREBPRKE VLK
MR T A THEWEEE R

ZOEANLE S TR mEFERE S Y T AK
WRIZIRINT 5 &, A7 e 7L
T ~DZERICIRIE SRR A A D S 4,
W rENEATS (Figure 5), fEED
(xRl A I T VA =T e ol B s S 1 N A
TNETOVESIRS ELEWVWREEEEZ A
L. & LAY 7LD N EWTEZ R
L7 (Figure 5), Z#ULZ DLEMNR LI
BB EA L CWDEICHRT D, £/, AF
JehkERCRZ—EHOILEME B2y | HEE
A F L DRFEICRH L TR WERZ R LT,
SER A A F R, ERHc kT 5 2 &
NENFERA AT, HFPKEBRT 55
BINMZ N, ZOBMLE D 51X, BRRAD
K (FEAK) & RIERD B & e H> LT KA R+
DI A ANk LT, RREOBREFRMEA
AT ZELHLNE T,

(4) BRI E IR BN oy 1 & B
B2 TE VR BN 8 50 1 D A il & R i 25
W2 E AT, IR EME T
PN —|RIFE L TER L, —FESFMIC
LEREEWIL., BOSENKIE L CTAERKRT 5,
BRI Z I A ORI TE .
MRS EZ W TR S,

BOAT oy - OREIE L, 1EH . HRE AL X B

ERNTIC L > TIThN D, 2 O TR,
BRI E2 R E L THLINEND
D03, B OERICIT®EE., AL EDOK
IR Z 0BT 5, 20, ThETH
Ahgm & L CHBES W C&E AL &Y i3
N ENBN N ZERILEM TH -7,

KR 72wk &2 b OBRERL 1 bis[2-(1H
imidazle-1-yl)ethyllether (bie) (Figure
6a) ZHiEREH L SSSHED L, T L— bk
Tuay 7RO 2FEORMESNAERT S Z
EEWTE Lz, Bl & bie 2RI T
VAR LTEBIZIE, o7 L— MRokE
MDA L, T OROGERIR & 55 H BIINET %
L Tay 7 RoMEWMHR VT EIRE LT
BoNDZ ExRRWE L, HAES X s
EFTOFER, O OLAWIX, HWEFRNK
Bl 2 X o THEK T 28N DT
[Cu(bie),(MeOH),]SO, MeOH (6) & #\J) %21
XE Ko TEKT DEANNE DT
[Cu(bie),(S0,) ] MeOH), (7). TH D Z & D e
WE Tz,

F7-. BRI & bieZ 7B h= U LHFT
KInESH®5E, 3OO—RITHENBKEELZ &
W2 XKD, ZEREE AR oA & ST
[Cu(bie) (CH;C00),] (8) MK LTWVBH I &
Moo Te, BALE ST 6 I3HfEMmE LTH
HBlE X 7o AR ) BRI 0 AR R L 72 R AT
BT OERIOFITH 5,

IS OB E Gy 1 DB # O R ENE &%
REA R 2 72D, FEEEHRICEE T 216
st Lz (Figure 6), = OFE. BNLE
516 & TITEIEA A Oz L 8124
axnbdZ ENphotz, /2.6 1L HS0, &
DA, TITEH I D DK LT,
FREDEMEIC LD T 7D 6 ~DZEHITHEIT L
Rhotm, Fio. 8 1T HSO, A Hifil X &7-#%
B, HERIICLER 6 TlEp <, BJ1EEM
(LR T PBIRACAERT D Z 2 RV
L7,

) NS
a Q bie Q

b)  cusos+ bie

Soluble in H20

\ Cu(AcO)2
AIl(Bu4N)HSO4 \

1 oy
L]
Cu(Ac0)2 m 1
—_—

P
bie, (Bu4N)HSO4

Soluble in H20 Soluble in H20, MeOH

Figure 6. bie D& (a). B L OEANIE



5. TARFERmMILSE
(WFIERFKE . W0 L M O IEE 12
(=)

(MEREimse) Gt 4 ) (W s irzet
REDELEFE)

@D A. Sohmiya, T. Okuyama, R. Suzuki, K.
Yamanishi, K. Sugimoto, M.
Kondo “Coordination Helical Nano—tubes
Constructed by Metal(II) Ions with the
Indicator Chrome Pure Blue BX ” (&EHHA
V) Chemistry Letters, 2017, 46, 485-488.

[DOI:10.1246/cl. 161149]

@) E. Sone, M. Sato, M. Mochizuki, C. Kamio,
K. Yamanishi, M. Kondo “Cationic M,L, cages
for perchlorate removal from aqueous
solutions and preferential perchlorate
incorporation in hydrophilic solutions”
(®H A Y ) CrystEngComm, 2016, 18,
5004-5011. [DOI: 10.1039/c6ce00267f]

® E. Sone, M. Sato, K. Yamanishi, C. Kamio,
H. Takemoto, M. Kondo, “Self-assembled
Construction of a Sheet—type Coordination
Polymer Bearing Cationic ML, Cages:
Creation of a Channel-like Space for
Removal of Cl0, and NO, from Aqueous
Solutions” (#E#HiA V) Dalton Trans., 2016,
45, 894-898. [DOI: 10.1039/c5dt03602]]

@ A. Murakami, K. Yamanishi, E. Sone, M.
Kondo “  Preferential  Removal  of
Perchlorate ion from Water by
Self-assembled Construction of Cationic
3D Coordination Frameworks with Methylene
Units ” (EHA D) Chem. Lett., 2015, 44,
1007-1009. [DOI:10.1246/cl. 150316]

(Fa%E) G 19 1)
O ™RETE, SRGE -, TE W JF
PRI ZE R 2 A 2 0 TRV DE
Bl & AEE” $EIRb PR 67 [ElFTHR S (The
67th JSCC Symposium, 2017 4F)

@ fEKID A AR B H R, ST .
“FheDr T =T NV EEKITEAL
7o 7' NG REER DGR & HEE” SE R
b5 &8 67 Blafim< (The 67th JSCC
Symposium, 2017 &)
@ PRI E, UrgE il EAAL IFY—
NSRBI - % A= 7 — URIGE IR D &
B &R SRR LSRR 5 67 MRS (The
67th JSCC Symposium, 2017 45 9 H)

@ PMRE, RERA REEM. Lk

T VR B EAEMY A NS O4E
BNE - 2 IO T2 BN 50 F DBl & A
SEIRAL 25 67 TR 2 (The 67th JSCC
Symposium, 2017 4F)

® FERA, PIRA, T I CZERAL
YA N HALNICAH T DB 2 F DA Rk
LREE”  SEIMET R 66 ElEtime (The
66th JSCC Symposium, 2016 4F)

OFAR R, H Bk, M, Wik Gl

D0 =T )V BRI IR TS T
TRNAGFOEMREEE BN TFRE
66 [l 2 (The 66th JSCC Symposium,
2016 4F)

D FEEEBL AR BE R TE GE

A ARt LT T2 DA R
LHEE” R b PR 66 [EIETHRE (The
66th JSCC Symposium, 2016 4F)

M. Kondo, “Perchlorate removals
from aqueous solutions by M2aLs type
cage complexes” 42nd International
Conference on Coordination Chemistry

(2016 57 H)

© K. Ishii, S. Koike, M. Sato, M. Kondo,
“Syntheses and crystal structures of new
Mz:L4 cage type complexes constructed by
bis-imidazole type ligands” 42nd
International Conference on
Coordination Chemistry, Brest, France

(2016 57 H)

C. Kamio, E. Sone, M. Sato, M. Kondo,
“Self-assembly synthesis of sheet-type
coordination polymer bearing cationic
M2L4 cage type complexes” 42nd
International Conference on
Coordination Chemistry, Brest, France

(2016 57 H)

@ M. Kondo, T. Inoue, S. Koike,
“Coordination polymers that convert to
the discrete cage complexes for anions”
The International Chemical Congress of
Pacific Basin Societies 2015 (2015 4F 12
A)

@ M. Sato, E. Inoue, M. Kondo

, “3D coordination polymer for removal of
perchlorate ion from aqueous solutions”
The International Chemical Congress of
Pacific Basin Societies 2015 (2015 4F 12
A)

@ R. Suzuki, T. Inoue, K. Yamanishi, M



Kondo, “Molecular capsules that trap
perchlorate ion and alkali cation” The
International Chemical Congress of
Pacific Basin Societies 2015 (2015 4F 12
)

A. Sohmiya, A. Handa, M. Kondo,
“Self-assembled construction of M2L4
cage complex for visual detection of
ClO04-“ The International Chemical
Congress of Pacific Basin Societies 2015
(2015 4 12 H)

(P 5 M P A )
ORI G 1 )

4 ®R . Capsule—type compound, anion
removing agent, and method for removing
anion

JEWIF M. Kondo

MEF)ZE : Shizuoka University

THEA - RFET

# 5 : Patent No. US9, 139, 533 B2
BASAH 2015649 H 22 H

EWNAOR] - EA CRED

6. WFZERERE

(D) Wik

VrHE 7w (KONDO, Mitsuru)

Rl RS - 77U — U RVR R IEAT - E%
MoeEEs 80254142



