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Summary : Macrocyclic polyamine [18] aneN; is known as a new functional
molecule,and its derivatives are discovered to capture biological inorganic and
organic ions.Their versatile properties will prove to be useful for the development

of newly type medicines, chemicals, catalysts and so on.

LiFC&iZ]
759V L—5 Y DOFNEE UI-faRiABRRR Y 7 3 VIIEBFACIIE S 2 bAanThWi
D SR LFEELUAL LR FREEFEEIRAZEL AL 5T,

Macrocyclic Comj)ound

H
(T0M NN
(O Oj Hy NH
o 0 N Nj
Lol Hi iy "
H
18-crown-6 18-azacrown-6
([18]aneNg)
crown ether macrocyclic polyamine

Uin Ly BBIOBREDHED DR IR, S5 & 50 SAPIE R BN S & 5 I is o tee ATBRA Y

T I VLA HOEE RS 5 Y I ARES LS LT A, AT S 5B
5#%@%hﬁi®7%@%ﬁbfb6&5&&%%§%ﬁﬁﬁk#&*ﬁ%riofﬁ%#kéh
oo B,

KBRERVT I vOBiEEL LT
1) 55 T—F e



2) 70 OEHREIZE BT =4 O

3) HEMT LN LESEE. RBEREORERE
1) BEBLEAA L ORRMMIE. S8k
5) SRBBIC LD EKBEETT L LU BB

5—1) SRBERMILREOLEL

5—2) Co kI &5 O0.0MIE (~ AR

5—3) GESHAIL LD A—rN—FFy FOXAL—F (SOD) Kl

5—4) Ni - dioxo [16] aneN*it & % O DR L EHAL
T &4 < DEEEMEH LT 5,

AETE (1) 75y v—7/VERERE BlD, 7AhUSBERLT VLY HEESREA 4 VR R
THEH (2) ORBIREY 7 I VOLREEOT =4 VEHREES . 759 VI —FADIDBED
BV IBERAE L R AR I LA DT, £ LT (3) ORMESERENE B8 LiLam
DWTARDB,

ARBCEROD HEW(L'~L) 2R L, ThbD{bEHc REIh BB T 5,

10,16)

7~18)

O (CH,),NH,
L0 GOSN ) A
N Tl ()
g (2 3
(CH2)4NH2
5 N/\‘ NI H '/J\ H
N N
(N Nj (N Nj
H H " ’
Qﬁ\) NG
t 8 |
0
"0 i o9
HONY =y © ) HQNR‘CHZCO 0
oty o G iy
HU NH : Cn
Hoo©® | 7
CHyCOOH
H A HOOCCH, ~§ N \<CH,COOH
HENNCH OO O i NN
(v N 28 oJ HOOCCH2”(_y.) CH2COOH
hring  CHoCOOH
8 9



L}, U\@Kﬁﬁ¢?ﬁ»v7A4%V%Eﬁ%KﬁﬁT6Do

Um\vﬁ%v7A4ivL#mbﬁimv&bbﬁ%%bﬁﬁéﬁooo

L%, KW CREA &Y DI F A VIR, 7oA VERL, FERCTEER T 5 2 L% -
Tro BT, KEIRBT, WA VY DI F I VERLT =4 vIRhL R RRIC IR % 2 ATILAY
2 LTI o '

LB L Ot A 4 v 5 R MEROZBRY, HEERAHRETS BTl L2 AR Lick
B, O LR MR SE b R o |

L3y U YBAILY T ARy 2 UMY 7 AERERS & T 5 REMEACR LT &
pHIC 35\ CEDTA L b b i 2R LI o

1) 7570 T—FILEEREE (TLHYER. 7LhY LEEREOMHIE)

NEFRORETFRERY 7 b FF—EFTHEh b, ARRR YT I Vil h 54 vHAEcBIL
TTNAVERE, TAh ) HESRE, FHEE — FRETF2ABRRP TR R ERVOREETDH
%o L7 LI[18] aneNIBWHEIZH V) 7 &y vy A4 4 v OFEFHGHIRIC B\ B2 H 3 5
ckﬁﬁméhtmoﬁﬁﬁ®£07sVTm\TWﬁuﬁE\Twwuiﬁﬁﬁ%mbﬁékb:
EnD, RREER2R O LCERED D T &M bh %,

2 1.1218~crown— 6 £[18] aneN,& DFEFAERER (logK g, ) &&A 4 VICHT 58I
DVTRLESDTH Y logK yy DERKE W EHEFEHIERGC LERT,

*x1. Crown ether - like function

18-crown—6 [18]aneN,

Na + 0.8 no
K ¥ 2.0 0.8
Ca?t < 0.5 2.5
Mg2+ . no : no

1:1 Complex Formation Constants logk,,; in H,O
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x2. K , values of the macrocyclic polyamines Li~p4
Ligand pK1 pKz sz DK4 sz DKs
[18]aneN, 10.19 9.23 8.73 4.09 <2.0 1.0
(L) 9.48 9.29 7.74 <3.65 (1.0 /
(L?2) - 9.63 9.05 7.56 - - /
(L3) 10.29 9.37 6.07 <2.0 - -
(L4) 10.64 9.49 7.28 1.71 1.45 /

I=0.2M,at 25T

TTy BEEREREZRD B DI TH B, LbCaZt #H0IRAATIT BBEFICET, ik
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EMRTED,

Ca?t +H,L 3 — caL?t43u ™ (1)

Ca?t +H,L 2% — caL?t 427 (2)
Ca?t +HL —— CaL?*+HT (3)
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Titration curves of L!.5H* without (curve a)
and with ca?*(curve B). 1In the presence of
Mg2+, the identical curve to (A) was observed.
(L' = 0.5x10"3M and [Ca2*] = 33.3x1073M
at I = 0.1M and 25°C

(X): Theoretical curve

B 1
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Titration curves of L3

with Mg?*(curve D).

[H*]

3

without (curve C) and

2+

In the presence of Ca®",

the identical curve (C) was observed.
(£3) = 1.0x1073M ana [Mg?*] = 33.3x1073M
at I = 0.1M and 25°C
(X): Theoretical curve

B 2

3. XRTEOIE, [18] aneNJZFNTERER LI-LY, L% L’o{bgWiciy, &40 ESBA 4
VIEXLTEWRERRERDZ Z B85,

x3. 1:1 Complex Formation Constants log K, at I=0.2M and 25C
Ligand
Metal ions
[18JaneN,® ') @?) @?3) @*) @®) 18-crown-6°
Na + no no no no no no 0.8
KT ca. 0.8 1o no no no no 2.03
Mg2+ no no no 2.50 no no no
Ca?t 2.5 2,30 270 no no no 0.5

a) from reference 3.

b) at 35C c¢) from reference 26.
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A propdsed structure for the 1:1 complex of
Mg?* with n-BuNH,-[16]aneNs (L3)
B 3

o, BEOL 'S5 \WE, BMUMEET 3 /&2 3 ONROMAWL L SHEEIERRRNT &b
by Mg 2t DFRRER6THAD 2 EREEND,

DS, EEBAGEA A VieH L TEWERK Y  2Lamid. Eck vt &
NEDAAVOWELRRLLDOREL LT, 3 0IE. EROEFZRERDOF v ) 7 —
EFAVERACOLRTWA IS VI —F AR EDILEWE L ZERBA A VI DWW TEREI
B 5 2 EBTE S &S THEM R R > Tl B |

2) 70 OERICEDEET A L ORIR

BIFIABRIRAR Y 7 3 Y O—0 0BT, MGOEEN, ThbLERRTH. By A X%
CIHECT—EHOTa b VR ZOBARRD AL L THD, CORAR T v bV EEDIA
AERBERARY 7 3 ViR lexyble TH - BRIV 74— 4 —v 2 v, DFFHE
TELH I N-HT -NAREAC L > THEHELEhZORLALEMAI L 2hD
Tu b VRERLEMAFAYOIIEES EIQ@R LI T4V TH > TIROMUIC
BUAMER S b O EOBBMERET B,

HEE AT T T b Y RILDRAAEBRA Y 7 3 V(18] aneNJd, 2T VEE  FAI VO
BT A\ ATP, U YBAAY BB LXK VROEORERT Y A =R b THE
BEETHB Y AF IV ERHRT DEERELTHS o

L#L\éwmﬁﬁkmé%m%/T:fvw#bﬁ@&<\ﬁﬁ%fv(mmmﬁm)



CBMINRELFHET %o BlE LT, TI/B XTF KR, h7a—nAT7IVERBFLNRSH, Th

LILEMDORBEE DIEREASD 5 Vi, EAFEERL EDLFRIEEDR > Thinly,
BN b~ To & 5, [18] aneNudAFHABKF TR vDh 7 a—Affs5s 1 © 1HEEIER

THZEDREAEEINRTWS, '

Fioy, 25UV I—FMI, —SRTVESTANFFVEKEREGT L > THEERTAZ &N L
<95ﬂBh’CL‘5 (@4)0

OH .
@on | QCH2CH2NH3

CH2 :
CH2 HQ QH
o\xo N C
~ ,/0
O— 0 N-———N
18—c:own—6 [18]aneN6

Proposed structures for [18]aneN6—Dopamine .
vs. 18-crown-6-Dopamine

X 4

o7, (18] aneNok 7 5 7 Y L—F A EGTRC S 2ALEMIT, KVBENEHTa—1T I Y
RREL I BT ERTFRENRS, £T T L% AL, P83 VEOHEERERAIER, Fo
5 %_) ﬁ?%ﬁ?% é’.b #IJ'DfLo

O

HO (‘N
(‘o’\3 NZHJ

<—o o@J LUK
Slte for 16 Slte for

Cation Anion

Ditopic receptor molecule
for ionic guest molecules

B 5
BI5IRLH Ft3 VR L & & OHEERIBR T T,
LieFaHEA A VST 1 0 1S8EEBRERS | & TOHFERKCEST 57 m b vH
(i+) RAE—F 875 THEEE>TRDLRB M, BHIREHT S,
KRBT ETHOREL LA A Y WEED ] 1 $EHAERERS |
ERELDIBONEL . THb,

{1}



1:1 Association constants B 1, for L® with ionic substrates
at 25C and 1=0.2M (NaClO,).

. Experimental Measured pH in
Ionic substrate [pk, value] - (1+)) value B M™)  Tris buffer
Catechol(1)[12.49,9.31] 5.0 1.50% 10 7-8
Dopamine(2)[12.20,10.65,9.06] 5.0 2.92x10* 7-8
Glycine(3)[9.68] 4.1, 1.50% 10" 6.5~ 8
8- Alanine(4)[10.44] 4.1, © 1.10% 10 7-8
HN[CH,],CO.H(5)[10.67] 3.8, 1.02% 10 7-8
H.N[CH,],CO,H(6)[10.89] 4.1, 1.05%10* 7-8
Diglycine(7)[8.10] 3.8, 6.87%10" 7-8.5

pK , =9.66,9.13,7.75,4,2,1. Nummber of protons involved in complexation.
Conditional association constants of (5) and (6) with Schmldchen s host
molecule in 10 % aq. MeOH are reported to be 250 and 233 ,respectwely
JYYVRGABADIYRTI/BE, TH¥2 5 YRR I 7V v —FHERTILZ
CHERIREL RV, L2, 10M™T) BEDHEFANRDH L LN b2 5,
BTy LUBFKA A YEYY A v FREMDBATOD Z 8D BHR 5o
Feh. EDDFB L OAXWEERRTLE FRIVEDLTHTa— AL TR
by FAIVRTYESYANFA YRS RARVHT A—ARF Y\ T4 YD 100 L
ERGEEEEERL T B Thb, LBHF4Y, 74 Y ORNBRAR L EMN 0
HHRTH B,

. H .
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[18]aneN6 - catechol [18]aneN6 - dopamine
By = 1.6x102(M7") By = 1.1x103(M77)
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monotopic e FHE H F a2 — ikt LC[18] aneN,& LR LA LR CEfMEZR LT 5,
L L. ZEEH ditopic 7 F 283 ‘/@%%L‘Wi[m] aneN b XR10E L LD BRI %R L
TWwho ZOEIRLCRBRAVTIVEZ STV I—FARERRKY X b ORI
EhoTWBZ EERBT HHRNE LRI,
CPKEFNTH, ZATHRBHERT HREMN X< match T5Z EHREBETES,
LCBIg LickEn /L, LOLKAEE L OHEERERERANDL &, £ WRTED
KL®, LORFHA +voffc, ATP, Y VRS A4V, Ca?t | Me?t 2MOALHELF-

29)
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®S. 1:1 Association constants B8 . for L°~L*® with ionic substrates

[18JaneN, (L°) (L") (L")
pK,;, pK,, pKg,
10.19, 9.23, 8.73 9.66, 9.13, 7.75 9.66, 9.13, 7.75 9.71, 8.92, 7.45
Association Constants (B[ ,M ")

Dopamine a) 1.10x10° 2.92x10* 2.20%10° 2.80x10°

Glycine a) no 1.52x 10" 1.15%10* 2.31x10°
ATP*Y a) 2.50x10° 1.54x10* 4.11 % 10*
HPO,*” a)  1.35X10  3.03%x10' no 3.25x 10*
Ca®t b) 2.85%10°  2.95x 10 no 1.19 x 10°
Mg?t b) no 3.29x10° no 1.04 % 10°

a) polarographic method, pH 6.5—8.5 in Tris buffer
b) pH titration method I=0.1M, at 25T
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ZZ T L VERIERRFAE LT, EDTAE[18] aneN & D& AhRFEFOARRKY 7
IVL 2B L, EOBABMEELFANL, TOER, LIkl 3V T[18] aneN,%
EDTAX D dEHTH 5 Z &0 -, '
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Ba. SRETVvORMBRR
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F U— bHIL)
37C, =&
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Ca 2+ , Mg 2+ 5}1‘7? PO, 3= , GO, = %ﬁ
(RFBIEEE) (ZEBRIKEE)

Ca,(PO,), EF D4, [Ca?t 1:[PO,3 "1 =3:2

Scheme

FORR, BREEOCa T B L PO, YT WEIIT 3 ¢ 2 DS THEE D KRHIER S hicD
T (86 .)y BN FF VBB ENE L TREORIEE, ()~ @) Ka U EE oW TR

Lo % 6. Concentrations of Ca?t and PO, Released from Insoluble
Ca,(PO,), Powder(10 mg) ® by Various Chelating Agents
/(10 mM) in 0.05M, pH 7.0 Collidine Buffer (3 ml) at 37C for 1h

Free[Ca?t 1P Free[PO,>" 19 [Ga% 1IFO,% ]
Ligand in ppm in ppm ratio
None 21 16
(0) (0)
[18]aneN, 157 92 3.6:2
(136) ¥ (76)
L°® 832 556 3:2
(811) ¥ (540) 4
EDTA 512 354 3:2
(496) ¥ (333) ¥

a) 10 mg Ca,(PO,),, if completely dissolved,

correspond to 10.7 mM.

b) Measured by atomic absorption spectrophotometry.
c) Measured by isotachophoretic analysis.
d) Concentration of ion dissolved by complexation

with 1igand .



(1) BT 5pHERFE (F7.).

(2) BHT5Ca T WEOWMEL (£8.),
(3) IFAVROT=FVRR (FI.)o

(4) e MERCRT A HMEME (310.),
ThZhOfFRIZKT .— R10.LxRT,

x®7.

Concentration (in ppm) of Ca?T Released from Ca,(PO.),
(5 mg) by Chelating Agents (10 mM) at Various pHs @

pH
Ligand
4.0 509 590 709 god
Nine 252 175 18 23 13

B €D I € ) T € ) I ( ) N ()
(18JaneN, 437 212 99 113 72
(185) (36) (81) (90) (59)

Lo 374 463 400 510 432
(122) (287) (382) (487) (419)
EDTA 315 , 453 370 307 282

(63) (277) (352) (284) (269)

a) At 37C; reaction time 1h. If a ligand (10 mM) shows
complete 1:1 complexation with Ca?" in solution
the theoretical Ca?" value should be 401 ppm.

b) 0.2M acetic acid—sodium acetate buffer (3 ml).

¢) 0.05M collidine —HCl buffer (3 ml).

d) 0.05M Tris—HCI buffer (3 ml).

ZEBEHNET 55 (7~10) 2EHTS &,

(LR pH7TRAKDBEH®Z2 R T, d L. TLEK1 @ 18EHBERE X - TCa(PO,),
PG L 7o A HICa 2T I O BERE 12401 ppm & 72 B 2T TH B 2 by —fEL EoCa 2T
PRMORATWASZ ENREIND,



*8.

Time Course of Dissolution (in ppm) ® of Ca,(PO.),
Powder (20 mg) by L’ and EDTA (Both 3 mM) at pH 7
(Collidine Buffer) and 37T

Reaction time

Ligand
20 min 40 min  1h 2h 4h 6h
None 14 15 16 16 23 43
(0) 0) (0) (0) (0) (0)
% 202 212 219 232 254 285
ase? am? @3? @? @n? P
FDTA 138 128 131 139 145 166

@? @)? asH? a®? @2 3P

a) The theoretical value is 134 ppm, provided that a ligand forms
al:1 complex with Ca 2+

b) Ca 2+ concentration dissolved by complexation with ligand.
(2)L° 2 EDTA%Z LB T 5,

EDTAREG,» 53T 1 : 1£46BRC I ABBHERT O LT, LX 4 RELET
3y BIE2EADCAYT RBR LTV BT EDRRE I NS,



®9. Dissolution of Ca,(PO.), (56 mg), Ca(C,0.) (3 mg)

and Mg,(PO.), (7 mg) by Chelating Agents (10mM)
in pH 7.0 Collidine Buffer (3 ml)

Calculus models

Ligand Ca,(PO.),  Ca(C0)  Mg(PO.),
Free[Ca?t ] Free[Ca?t ] Free[Mg?' ]
" in ppm - in ppm in ppm
Control 23 17 126
() (0 (0)
[18JaneN, 113 28 302
' @  an® = aw?
L’ 510 222 ' 316
' (487) ® (205) @ (190) ¥
EDTA 307 309 303
(284) @ (292) (77) P

a) If a ligand (10 mM) captures Ca®" in a 1: complex
in solution, the theoretical [Ca2" ] value would
be 401 ppm.

b) The theoretical [Mg 2t Jvalue is 243 ppm.

(3)L3Ca?t 2 X< ®mpTp, CO0.27 4L, EDTADHBER TV B,
¥z, Ca,(PO.).& Mg, (PO, . DEMEDE T, L°&Ca’t LoMERARMe?T Lo
W HTHD, DT EIX. pHEELE THATE 5,
£10. _‘ [Ca?* ] and [Mg?* ] Dissolution from Human Urinary Caluli ®

by Various Chelating Agents at 37C for One Hour
in 3 ml of 0.05M Collidine Buffer (pH 7)

Calculus-1 Calculus-2 Calculus-3 Calculus-4 Calculus-5
Ligand Composition b) .
5mM Ca,(PO,), 78% Ca(C,0,) 69%  MgNH,PO,93%  Ca,(PO.),85% Ca(C,0.,)>98%
CaCO, 12%  Ca,(PO,),31% CaCO, 7% CaCO, .15%
[Ca*" ] in ppm ' ‘
None - 22 21 18 19 . 26

[18JaneN, 71 69 31 43 31
(59) (48) (13) (29) - (5)
|y 254 290 224 342 82)
(232) (269) (206) (323) (56)
EDTA 143 168 89 140 173
(121) (147) (71) (121) (147
(Mg 2t ] in ppm .
None 31 3 90 37 2
[18]aneN, 43 4 103 51 2
(12) )] (13) (14) o) .
L 54 8 149 73 2.
(23) (5) (59) (36) 0
EDTA 45 ' 5 131 54 2
(14) (2) - (41) . an - (0)

a) Calculus weight 10mg, except calculus Nol (6 mg).
b) Analyzed by infrared spectral measurment (Japan Special Reference Laboratory, Inc.).
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