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Structural formulas of hydrazone derivatives and syntheses
of crown ether hydrazones
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Spectral change in 1,2-dichloroethane on cation

extraction with 2a

Organic phase : [2a] = 2.0 x 1073 M
Aqueous phase : [MY] = 0.1 M, pil 8.88
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Table 1. Acid dissociation constants®)

b)

and extraction equilibrium

constants of hydrazone derivatives.

. + + + + +
Compound PK, PKay Na K Rb Cs TMA
la 7.46  pKyi 10.9  11.0 11.0 10.8 9.5
ex
PKNT HL, 7.5 4.9 5.5 6.8 -
1b 10.05 pxﬁﬁ 13.1 14.0 13.9 13.7 12.9
ex
PKYLHL - 7.7 8.7 9.6 -
2a 7.45  pKET 9.4 7.4 7.9 8.1 9.5
ex
PR HL - - - 4.0 -
2b 10.04 pKﬁf 13.0 10.8 11.3 11.6 12.9
ex
PKMLHL - = - 8.2 -
ex
3a 7.48 PKyL, - - - (12.9) 9.5
ex
PRULHL - - - - -
ex
3b 10.05 PKyL - - - - 12.9
ex
PRNLHL - - - - -
pK = -log K
a) K, = [H¥][L"1/[IHL], 1,4-dioxane - water (8/2 v/v)
b) Organic phase : [hydrazone] = 2.0 x 107 M in 1,2-dichloro-
ethane, 10 ml
Aqueous phase : [cation] = 1.0 x 1073 - 2.0 M, buffer solution,
10 ml
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Fig. 3
Absorbance vs. log[K%] plots for extraction of K% with

(a) 1a or (b) 2a.

Organic phase : [crown ether] = 2.0 x 1073 M in
1,2-dichloroetheane, at 496 nm

Aqueous phase : (a) pH 10.75 ; (b) pH 9.00
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vzaax gy (e=1.14)AW5 L, lak2aDWFhDRELFEALLHBETLTILAY)
GRA A ETMAIEL, -V 7 a0y Y EMEBEEL LLBLOTRICELL LD, 13
TR CEEMRE L D s, —RICEL <RI
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[MLML] o [H*]?

2[HL]o + 2[M*] === [MLML], + 2[H"] Ksi =
[HLI3 [M*]?
ZZT, MIMLIZAIEL SBA A L D2:2886T, KXAZZOMBETEEBRTH L. DR
FELD, LERRERI
Co = [HL)o + [ML]o + 2[MLHL]o +2[MLML]o
Ch = [M*] + [ML]o + [MLHL]o + 2[MLML].
LETS.SHIZIITRERA A VIIREICH L THRBRETH 5720 [M)>>[ML], [MLHL)
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Cn = [M*]
81T, HRETOBETHRRICBIT BRI

hovs = eui[HL]o + eniL[ML)e + eniuc[MLHL]o + enuni [MLML]o
LEbED. enn 3228 MM OEVBARRTHE. s FEMAREANT,
FROFETENFhOMHETEERE KDL, T L3I LTELN2: 285k DHl KT
EERKS L ZE L T RO 2B M g & ERRALE L ORICIZRFLZ—BHBDH LN
FrooF i, 20288EAAERT 25E, REBELEREA S VONERILORIZIZRD & 5 %M
BARNYD. BbH, RELEBEA AV EORICEDRD L S ZHMETFEIRILT 5H, &
EBA A v D5E i

[ML)o + [MLHL]o + 2[MLML]o [ML]o + [MLHL]o + 2[MLML],
Dn = ; =

[M*] + [ML] + [MLHL] + 2[MLML) (M]
LElF, &2 TIMML]o>>[ML]o, [MLHL]. D,

2(MLML]o  2K&x [HLIE [M*]
Dn = =

M] [H]2

XD

log(Dn/[M*]) = logksx + 2log[HL]o + 2pH + log2

rEEilz O, OB, KEDEEA A VB FEBICHANKBREICHFET 572D,
M NEER L AT D, 2aTK % LicHaDloglHL] & log(Dn/ (M ]) NEER % Fig. 4 (2
FLTWBH, HE20RFLERSELNLI LS, 228ENDERNFIFINL.
Table2 I 2N & 3WOBEEAWIEDTIVA ) EBA A OMEFEERZ X LHTW
3. ZoEIPLLDLPB LS IT, 2al3Nat K Rb (" DLTDEBA F v L1:1L 2: 288
NDEE > RBT 7 ohLahicE &, B, K ERrb 32288k AL MibbFE
LB ENRNO LN, 0l A A HEEEERTELEL LML THANL, 1:18EkD
ATHEER LM, 1,2-Y7apryryeyrsaoalyryrERAVWCRELIDLELL
XN EZ>TWE., ZnZehrbh, BERORWHEFEFTIIL: 18I D IEE
HoBEW2 28t kA EERICiE SN2 L EL LIS .2 02 288tk K P EE
PEZ, 2a0Nat Tt A K IR % LER9 5 & [KL]o [Na*]/[NaL]o[K*] = 1.12x10°
L0, #1003 ENa L DK B BMEI LT WI Ehbr s, HLIDHE, 118k
hEDPEN LERT B0, EEOKEREIZINELNETLEH, 1,2-¥700Ly
VRHEE L LioBERT 5 1S EOMETE TR, 585N o 5K B R
IoRELVWHELAALNS., CoOMESREEEENK ERERICERATLILT, LNE
BIRM L EEDTEIC LA LDEHIFTE 5.
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Fig. 4

log(Dy/[M*]) vs. log[HL], plots for 18-
crown-6 hydrazone.

15-7 57 -SEETHL1aThH, 7ot a2MEBEL Lgs, Y7oaxy
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Lk TR (AN

3. 3. KoERLEFA TV OEBE

K-®2ob X<t 518-7 57 -6 ka2 AWTHERHEBIC L 2k nbagE* R
Atz THBEEL LTI, 1ol 2-¥7any vy 2EWE. KREBBEYT VTV BT
PERE REDL, Ak RETVSUOBUMENRE LCHEBMEROGERE L TE L
A, LA BOBARINERE TIEIRET I > 7 BIROBRINH K E W2d540nmTHIE L 7.
CORETIE, KBEH1.0x107 M2 58.0x10° M2 TS TH BHF OB E L D&z
JFmzils RELERBERHIE LN (Fig.5), 8.0x1075SMIZH T 5K DI HISIZ297Td - 7.
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Table 2.

crown-5, -18-crown-6 and dimethoxyphenyl hydrazones, la, 2a and 3a, for

Extraction equilibrium constantsa) (-log Kgy) of benzo-15-

cations by using the chlorinated hydrocarbons as extraction solvents.

Solvent Extraction eguilibrium constaht (-log K )
(dielectric Species
constant) Nat K* Rb* cs* TMA Y
Benzo-15-crown-5 hydrazone la
CH,CICH,C1 ML 10.9 11.3 11.2 ''10.6 9.5
(10.65%)) MLHL 7.5 5.0 5.5 6.8 -
MLML - - - - -
CH,Cl, ML 11.3 - 12.0 11.4
(7.749)) MLHL 6.6 5.2 6.7 -
MLML - - - -
CHCl3 ML 12.6 - 12.7 >13.0
(4.80°)) MLHL - 6.0 7.9 -
MLML 19.8 - - -
Benzo-18-crown-6 hydrazone 2a
CH2C1CH2C1 ML 9.4 7.4 7.9 .1 9.5
(10.650)) MLHL - - - . -
MLML - - - - _
CH2C12 ML 10.1 8.0 8.4 8.9 10.1
(7.74%)) MLHL - - - - -
MLML - - - - _
CHC13 ML 11.8 9.4 9.9 10.1 11.5
(4.80P)) MLHL - - - - -
MLML 19.0 12.9 13.9 15.3 -
Dimethoxyphenyl hydrazone 3a
CHZClCHZCl ML - - - - 9.5
(10.65P))

a) average of measurements for three distinct crown ether

concentrations.

organic phase: [crown ether] = 4.0 x 10_6, 2.0 x 1072

and 1.0 x 1074 mol dm'3; agueous phase: [cation] =

mol dm‘3, pH =

10.0

b) at 20 °c

c) at 10 ©c.
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72, KEBOBICHBEL L 2HEA TN D H LY, £EFEAF VOB EOHFEBRR
K-BEMIZENBHEL DEE L3ILINE EDH 5 &, 6.0x10° MK DEEFIZ1.9x107“M
DT oNa* DRESZRGEHAATH 2 Z hibhro7z. S50z, EDTAZBER L LTHAWS
NDTEDESEAFVIITRAI7ENEL8H, TNLDEEAF VI DERICIZITZEA
EXEERETVWLDEEZ LNS.

Xz, MEBEEEZ 7 obm)L Az 5 E,2.5x107 ‘UK EEEFIZ4. 4x107 *MEL T D Na*
DHFITHABRHTH 2 LHFEHLN, METH LY TFEINLL2-Y7anny v
b 7Rl ACHEEEEZRLCHEOMBSEEERDBWIZES <Na* (232K %
Rifom LA, B4 4 HETIEBIT2EEOMBIRIEICL > TLEMITLNL.

4. SBROFE

FHRATRAFLLZ 57 L&MW, WFRLK I L TGRIREZRL, 222 AWTE
B XS ICRESR M BT 4. 4107 MDNa HFT, 2.5x107“MK* s B HiHE e 32237 LU
NTHETH B, L DESREDNSDVHEFTIHEREICKEERTID, &5 CHESR
eI LLENDH .
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Absorbance at 540 nm
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0 1 1 1 1
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[K*] / 1072

Fig. 5

Calibration plots for K% with 1,2-dichloroethane

Organic phase : [23] = 1.0 x 1073 M
Agueous phase : pll  9.95
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37, ThonREII7o M BEERNORBEAEFEOLD, 7O ERELTELL
R4 AVES LS BA AV L OREERICE 3tk RELFRI ZRE, £8BA F 8
BRELSKEGD p HOBER ST 5720, ABIIEEER T HE—BIRLRIEZSL
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DF XYY =, FTV-NREOREAZMAEL, &bz, NEAFDEEET 51
DTT7ORYBELSTVWANLEX LVELREDBRESN 27 57 RALICKET 5
ZLTHRRTEZLDEEZ, ZOBDLEMORAREIT>TWVS.

AEL2FLZEALTE, Ny FROMETIIZEHOV Y TINVOREKFICEENORAEE
=L, FAIEBRESERTHLE, YEOT VN TIIAESESLBELN DL £IT,
Ny FRlzRbatiEES 270 LT, KAEKKESUTHILEN TIEE BGEL T
BATF A AN T —HEZENE. CDYATLTIE, =8 NLTE S
7owd, REL REHICVETIL, /A VERESEBRR GhR(To— P27 3
VELE)NDGRIZLELTWS. BEIZ, EIZ18-757 -6FEETHS2EHANT
FATPTF A ANy —ICHATEHMAZEDTNS.
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Studies on Separation and Determination of Alkali Metal Ions
using Crown Compounds

Hidefumi Sakamoto, Hiroki Goto, Kunio Doi and Makoto Otomo
Department of Applied Chemistry, Nagoya Institute of Technology
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Summary
Crown compounds, which are macrocyclic polyethers, are
known to complex with particular cations selectively. The

objects of this study are to develop novel crown compounds,
‘having selectivities for particular alkali metal ions, with a
proton-dissociable chromogenic group and to use the compounds
for highly selective and sensitive determination of the cations.
In this report, we describe the syntheses of novel chromogenic
crown compounds shown in Figure and the solvent extraction
behaviors of the compounds for alkali metal ions as the basic
information required to obtain high ion-selectivity upon the

solvent extraction using crown compounds. dAB H'W NO;,

Benzo-15-crown-5 and -18- {; j(j)“VfItL

crown-6, la-c and 2a-c, &i!ﬁ Y X
n

respectively, have substituted
hydrazone groups not only as a

n X Y n X Y
chromophore but a potential anionic ;. NO, CF, 2a: 2 NO, CF,
site. We observed spectro- 1b: 1 CFy; NO, 2b: 2 CF, NO,
photometrically that the ion- le: 1 NO, H 2¢: 2 NO, H

selectivities for both 1a and 2a on
the solvent extraction using 1,2—dichloroethane as an extraction
solvent were decreased in the order K' > Rb™ > Cs* > Nat > Lit.
While the mixtures of 1:1 (crown ether: metal ion) and 2:1
complexes of the cations, such as Na*, K*, Rb' and Cs*, were
extracted by using the benzo-15-crown-5 derivatives la and 1b,
2:1 complex was predominantly formed. On the other hand, it
was realized that the benzo-18-crown-6 derivative, 2a and 2b,
formed only 1:1 complexes with the cations except for Cs™.

The extraction selectivity ratios of 2a and 2b for K* over Na©¥
were about 100 and 160, respectively.

When chloroform, which has lower dielectric constant than
that of 1,2-dichloroethane, was used as an extraction solvent,
2a formed mixtures of 1:1 and 2:2 complexes with Na*, K*, Rb*
and Cs™. Especially, K* and Rb* were extracted as 2:2
complexes overwhelmingly and K¥ selectivity against Na* in this
case was much higher than that in the case using 1, 2-dichloro-
ethane.
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