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Structural formulas of hydrazone derivatives.
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1. BERNEM

CYULERE JULED LD HATFORYEOL KISV Sk, $<0EBEE
A Ay e TR Bk EBRLTERNANRY MLOAELEREEL DI, ZOBNE
BEAAYORBREL LTINETE<HASATEL. VEE, (DA A DL 5% 2
HOBBEEA A YE, LRIV UBHIDAI/EZRLEDT O 2 BELIBTERN
CHER2I(E RSV V2B 42 Btk HRL, TRETCEES AV E2METET
LHEHLNTWS .2 F2T, FOREAOL RSV UV EA 2 EBHE N THAZEX(E RS
VIV T A LT, LNEVEEAAVEBREELA AV EREXFETEILEE
7.

JS5y I—F L TRESNRLA Y TTFL Y7 a—)NFHlkE, ZOBRRTFHIL
FLAAVEBA AL DA Ay - BB FHREFERICL VEREBRT 25, Z08, 7Y
- VHBHDHRT LBRREENEILRL EBA A 04 AV E L OHEREMIC L) —HKIC
A4 VERESETRTS. SWHINE, BY LTS BOBRRREERFEIRICT S
Ly ZYa—LEOESRART LI LT, BEDEEA AV L REL#HER AR T EH
L EMEEDEL. 2okdic, FROEX(ERKIV V) BEHROEEHL LTAY
TIFLY 7Y aA—LEL R BATNE, 2MOEBLEA 4V LEBRTLBICEED
PAAVEBEAAVERNT 22 L2k D, EBEEHLINGEA A LOREEAT
HARED 2EDE K5V Y BAFEE L7 57 Y T—F VEBOT BB OTR % 3
LT, XDBWEEEELA AV ERERBOLANORARSHFTE S

LEDE S 2Bt s, FHETIREZOER(E KSY V) BEEDEREHE L LTHEL
DEESDAVTIFLY 7Y A—LENE2EATEILICLD, A—HFHTIFL VY
Ja— LN EBRLAETAL)EEA AV E, ERIV VBN LEBRLCEBEE
A 2R ICKER» SFBHEGICHETLIIET, INEVWAT VBREZERTS
LemomRT Be LTFig. 10X I Z{tamEFHIcdRLL. 2LT, Thbaft
SMNEEA A B HBRARE L TOERNEE L AN Litic, EBRCEAHPOCE"
DEBDEMIZDOWTHE L.

2. MEFE
2. 1. H*
ERAETHEALAEZ(E KTV V) BEEIS-Z b o-4-L) INEEFHDla-LaR T,
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BALT I AFIVT RS L(THACH) LIEBIC L DHREIL 2. PHEIZEEE A I XERE
TOA GST-5311C% {f§ 2 72pHA — & —TOA HM-30ST, RIRANRZ bibidlenfaidet/z FHNT
B/ EET150-20THlsE L 72,
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Fig.1. Structural formulas of hydrazone derivatives and synthesis of
bis(hydrazone) derivatives.
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2. 3. EBEA A OBBEMELH(L) A Ay it EBROHE

LRIV UVBREDBFEMTICEIT2E8BA A BIREZANLGLDIC, KDL H4LE
BETo7%. LIXIOSMOE RSV Y 2&01,2-¥Y70nLy Y #E®HI20l L, 1.0X1073HD
EBRA A A A VBEABDIZODLICIZ0. IME A, EEEWR TpH6.2(Pd?"3pH2.2) (C
TE L AoABEL20l & FHERAEDSIBRE ICAN, 25CT3RKRAERL %, 1R2KEHE
L7z, HELt:, AREBRZIINL TRERANRZ MLVERIELL. 22T, ¢8R
ELTTNAY&JENa, K, Cs) & 77 ) £H& & (Ca, Sr) Mg & CuCle,NiClz, PdCle,
Zn(N0Os)2,Fe(NOs)2,Co(NOs) 2, Cd(NOs)2 % V7.
C*DMBEEBERET 200, EREFORRRBEL KIFDOEEA 4V BEEL —
EIRD, KEDPHE LS CTHEBRR 2T o7, FHEEIEZL0XI0MOEZ(E KT
(e RSV »5ai32.0X10 M) 2 & 41,2-¥7 a0y VW%, FLTKMAE LT2.0X
107MDCuCle b, MLERIV VY EMEMERALICKWEEZ LN B Y F VLA F 2 (LiClL
LTO)0.IME A F v BREFBOIHICEL/KBBREZEMA L. X, LiCld b Y (2NaCl, KCl
VEIE, CsClEAUBTEEAVWTW HMBIZRETTAAY EEA AV OREL NS L3
2, QR E T A YEEAF R ICONWTLRE LA, MoRBREIZ EEOFE
RPN

2. 4. BAKRFOHF(L)A AV DEER

E2(E RSV V)3a%2.0X10‘HE {1, 2-Y7aan g » BBz AWT, LiC1TA x5
EERAmL TREHTPHS. 0 LcE&E K, RU, ALK ([NaCl]=4.7X10" "M, [KC1]=1.1
X1072M, [MgCl21=2.7X10-2M, [CaCl2]=1.1X10"2M) 1|2 2.0X10-°-2.0X10" *MDCuCle % A0 L
T, BEFITPHS. 0L Lo b i 21772 oo RERE BT, EEDMWEAIZCUCL.
FRMLZLOD DERERRAL.
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3. 1. 1L,4-YFXT Y —KREEGBBEIZBITETANY EBA 4 SBBRES

t RV VREEDBBIMEERIZL, A- A X —Kk(72/28 vol}) TR EEIC &
NBEIELE. FRIAFILTYVEZT LA A EX(E RSV V) FBEDTFL 7Y
TI—LEHEDZVHEEALLWEEZ 5N A, TNACITA iK%, £ L TTHA
OHTpHZ FE L 7.

Fig. 212 (E ¥ 5V ) 202 DpHIZ B 1T 5 BIXAR 7 FVEELZR L. pHT.88
DITTi13389mmic RINEAFE R ZHo7 0 b IR DLEE (HL) DRINANRY ML %
5z, pHO LRIZHEVS020mc BINEAE RO 7 0 b v EHER O LFRE (HL- i3l ) DRI
PEMLTWS. FEROpPHEFENRIR AR MVELH O K5V VFEEIZLR S
he, ZnX57%7ab YRR EEREEO(FEE TR SN BIRERERICE TS5 H
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HEZAL» b RADFHZREL THESER (Ka1,Ke2) 2RI,

Kat (HL-][H"]
Hl, ==————= L + H* Koy = ——— -—=(1)
[HoL]
Ka2 [L2-][H"]
Bl =——— 2 & | Koo = ———— —-(2)
[HL-]
2HFREZC LT L LAFERERIT
Co = [HeL] + [HL-] + [L2-] ---(3)
EEBI, BBFDOLEDERIZBITAREEAsIZ
Aovs = enat[HaL] + ew [HL-] + e [L2"] -—-(4)

ERDLESL. TIZT, enel, en, e TR FNIRZFOLER (HL,HL-,L27) DT IIVIR
RETHE. ZORICHLTRDL D LRAUBRHEAvs &, FEBLEA. L DRDLRE
FBUZEZRL T, CORBZE/NMITHEMEER, TLVBRERREZIERBE/NZFEIC
L DK

U= Z(Aiobs = Ai,car)? ‘ -—=(5)
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Ss=——————ne

O 4
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Fig. 2. pH-dependent spectral changes of bis(hydrazone) 2a
in 1,4-dioxane - H2O (72/28 vol%).
[2a] = 8.0x 10-6 M, pH 7.88 - 14.10.
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Table 1ICZ DI ICL TRELCBBEERZ I LOL. ZORPL, FRIAFATY
TSV LA T (TMA)DRDONIZT VAV EBA A 2HEMLIHEIC, EX(ERIY Y
VBN E—BEREER K. )DENA S DBRICI D KRESBLLTWE I by
5. ZhiE, EX(e RSV )BEEDIBEOTOR A ETAVHVEBAA S DA F >
THCEISLIN(ER(ERI YY) &BA A V) itk (ML) AR ICERT 5.

FIT, M4 A DROVIEZTAHYEEA AL 2 ECHENRPITOE—BEEE
BzKorre LT, RDEDILHBRFEEZRE L TEEEER K ) T HRE L.

Knwut [MHL] [H*]
HoL + M* MHL + H* Kon, = ————  ——(6)
(HaL][M*]
ZIT, TMNHETTROAE—BEMEER (K1) &Ko, ZRIZKnn DREICIZRD L S
RN D L.
Ke2?? = (1 + Knwo [M])Ken —
b, |
Knue = 1/[M" ] (Ka®?"/Kay = 1) ---(8)

£, K ZBEHLL. SZITROLNICHEETETAAVEEA AV L B L OBR%
Fig. 3z 72,

Table 1.  Proton -dissociation constants (Ka) of hydrazone derivatives in 1,4-
dioxane - H20 (78/28 vol%) containing the alkali metal or tetramethylammonium

(TMA) ions.
Additional salts for adjusting the ionic strength
(m=0.2)

Compound pKa NaCl KCl CsCl TMAC]
1la pKa1 10.2 104 10.4 10.4
pKa2 13.0 134 13.6 13.5
2a pKa1 9.3 10.2 ‘ , 10.5
pKaz 13.0 13.5 13.5
3a pKail 9.7 10.6 11.2 11.3
pKa2 13.1 13.5 - 135 13.6
4a pKail 11.6 10.3 12.4 12.4
pKa2 13.2 134 13.6 13.6
Sa pKa 12.4 12.6 12.8
1b pKa1 11.5
pKa2 13.3
2b pKal 11.1
pKa2 : 13.3
4b pKa1l 11.1 104 12.2 12.3
pKa2 13.0 13.1 13.2 13.3
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Fig. 3. Plots of stability constants for 1:1 complexes of
bis(hydrazone)s with alkali metal ions in 1,4-dioxane -
H20 (72/28 vol%).

ZORP L, E/EHSIINCITFL 7)) a-LEERFOER(E KTV V) FHEkda
LAbHK E B EEEFARL, HEEEIEIKON S DIETET T IR S. &
niz, EBAA Y EEBRTIEIC, NVIZFL 7Y a—NVEBIPERA A EZIY
HENWTI8-7 57 V- CHUDBRERBEEZML DI, TOEAZRICE LA AV EEZRD
KreBmbRE#EErERTILDEEZLNS. X, ThIZFL Y7V a—NVED%
FOCA(E FIY V)3aldNa e /L L<HEERL, B ER(ERIVV)FREDSI LT
BbLEWNa S REER R, £L T, 3amSiBRAEEIINa > >Cs*DIFICET LT W 5.
InBEL, 4akbTERD LN FERELRRIC, EA(ERTYVV)3aDT I TFL
Y7 A= Ny N L BRELSEEEERT 515-7 77 SERDBRERRMELREY,
KeCs i3 AV BENRCNEAZLIDAREEBETHBRLICSLSLBLHEREDNS. 223
3ak DN LEIBRERF OERRKBEL MBI LA TRINLI LS, LN LA
YEONLBLI<SHEEATELON, TORERKIIZDLDIN NS LEDTHS
5. M, YZFLYZ)a-NEHEROLIIVWTNOERA A L LIRESEEESL L
oW AR
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3. 2. B4 A L%
1,2-¥7anLyy—KRATEZX(E RIV' V) ]1alc IV BBEEA A 0B Mt 247
SI2BD, FREHDORMANRT MVELEFig. 4107, £ RIY U HEkITAER L
AMEORATEBAF L L7 by AVTHIC L D hiEsik2 4R LCHRMAGICS
BAF 255, TOBGOERKEICANRI NVELEELZLDEEL LRD.
DT LIPs, KEANPH2.2TPAR WL St & B A, pH6. 2TIECu LISk 4 7
VRFETEE N WS E b S, B, TAAVEBETAL) LHEBEA A IS
DERBETIIME S ALl 72 THAEDEEA A MEEHIE, AHFALEA 4> 250
M L2 DR EFRAECLDREL TRELL. f05-Zhn-2-Y Y SLEEHETS
E RSV v FHEEK2SalcoWT L ARDEEA 4V EIRESED S, L Ladis,
2,4-¥ 21 a7 s S VERROER(E RS Y V) FEKIZENEEA AV LR EME LY
b 7e. KHEOPHAS. 5L EDFIRTIIL KTV > Fkla-5a00 Cu?* i 5813 La>2a>3a>4
5D TET T 5. CHLDERLD, AVITZFL 7Y a— L TEELLE X (k

0_5 Cu2+
04
0-3

0.2

Absorbance

0.1

0 without metal i
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Fig. 4. Spectral changes in organic phase on the extraction of
divalent heavy metal ions with bis(hydrazone) 1a.
Organic Phase: [1a] = 1.1 x 10-5 M in 1,2-dichlorocthane
Aqueous phase: [M2+] =1.0x 103 M
pH 6.2 for Fe2*, Co2+, Ni2+, Cu2+, Zn2+, Cd2+
pH 2.2 for Pd2+
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KSYU)E, BEENE RSV Y LR TIHERICE Ve RN L B B2 Ts
D, ZOMEEIIERESMPEVII LT 2 2 SRS,

LRIV S kla-SanCu i € E R B2, LiCl,NaCl, BIIKCITA A 5
BRI LA KEBOpHE LS COu DFEEMIEERYTo7%. 2LT, XDLS5%
METPHEREL T, HEANSONCE T2 BLELL L DEER» BE L.

ex
it

(”2L)o + Cu2+* (CUL)O + 2H+

Kg¥
2(HzLl)o + Cu?* === (Cu(HL)2). + 2H*
K$3
2(H2Ll)o + 2Cu?* ==—=== (Cuz2l2)o + 4H*
[CulL]o[H*]2 [Cu(HL)2]o [H* ]2 [Cuzlz]o[H*]4
K§y = (9) kst = (10) K§3 = — (11)
[HeLJo[Cu?"]. (HoL]o [Cuz*] (HeL13 [Cu2*]?

ZZ T, Cul,Cu(HL)2,Cucl2lid Z N FNHEE (1) A A D1:1,2:1,2: 2882 Rkb L,
L KSY K$3id 2N FNCUL, Cu(HLl) 2, CuL. DR ER TH 2. HBAFDO " IIHRET DL
ZEEEKT 5.

Table 2. Extraction constants (K€X) of bis(hydrazone)s for Cu2+ in the presence
of alkali metal salts.

Cu2+ extraction constantsd) in the presence of

Compound alkali metal chloride.

LiCl NaCl KCI CsCl
logKe%21 -0.19 -0.20 -0.20 -0.20

la logKeX11 -- - - -
logKex2p -7.91 -7.91 -7.91 -7.90

logKeX21 0.39 0.40 0.40 0.40

22 logKeX11 - - == -
logKex22. -7.89 -7.90 -7.90 -7.90

logKeX21 0.50 0.74 0.97 0.98
3__3_ logKCXll -7.16 -6.78 -6.43 -6.61
logKexzz ‘8.34 '8.16 - "8-01

logKe%21 -0.99 -0.24 2.01 2.21
4a logKex11 -- -7.00 - -5.76 -5.73
logKex2p -9.30 9.01 - -6.68

a) Organic phasc: [bis(hydrazone)] = 1.0 X 105 M in 1,2-dichlorocthane; aqueous phase:
[Cu2+]=0.1 M, pH 2.5-6.5.
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X, KEOLBEER2C, 28(IAAVBERCETHE, LEERERR
Cu = [HeLJo + [Cul)o + 2[Cu(HL)2]o + 2[Cuzlz]o  -——(12)

= [Cu?*] + [CuLlo + [Cu(HL)2]o + 2[Cuzl2]o ——-(13)
LETS. I THRRH LTI A AL ABFETH B728, [Cu?*1>>[Cullo, [CulH
L)2Jo, [CuzleloTH Y, Cou = [Cu2*] L BITH. HHEMATD400IZEITEHEHEAss1T
Aovs= enzt[Hol]e + €cui[Cullo + €cumur2[Cu(Hl)2]e + &cuare[Cucla]e  (14)
ERbEB. TITene, ecul, Ecunirz, ecuzteld, FRENFELFOLERBDEILR
REFEBTHE. ChO5DEAREZAWT, bR X 52BN _RETRD 2t 2B % Table
2T k.
lazWERAEKL LHE, EBEHL 0MEERAS DT WETFEIN LI A4y, BB
LiCl2 B U/KERE D H132: 1L 2: 288tk T S B 5, 1 18Hid it S k-7, 3akl
ShoE (e RISV V) iEdEitklal aTORBROERPELONL. ZhidBEs6<, B (k
RIV' V) FEEDOEHED 2N KTV & L2 L TERERL 1D FHEEEAERL
BRI EEBFYITFL Y7 I-VEABRR T L VWD EE L LN D

FBREWZ L2, LiCIofbh DI AKE B RINCl, B KC1Z R B L EX(E KTV
)3ak 4aTIZCu2 L DR FRL: IEHEOFRMAPADOHH A EFICHINT 2 Z L FRNLEE
nre. iz, BHEVBEEOEVF NI LEL YT LD ) VEETA A VEE
PHEHTEE, LISEIIVERLBES LB R, (W HPIho6nE 7Y VEBERE-S
THBERAD L SN2 2 e A@D LN, R0 XS5, ThbnE2 (L ETY V)EH
BHROEREHTHET T, XiF, RYIIFL 7Y T—V#IINa K 2D B NWT
79 v I—FNEANOBRREKREZBRTILOLELLNL. TLT, HTFOEEIC
HETA2HNE RIY VEAHEREL TCu2 2R ARA LT THERT 72002, 1:148
EORBEGITERTEDTHS .

3. 3. WAkG (1) A ADER

Fig. 5ICtX(E KTV )3z AWTALEKP SER L DRER2ZRY. Licl
TA X VBREZHAWMLIKEBRD L LREREZER LY, LOHSBEAEDBLTH 7.
CHOANTEBADP LRLREREEIC, KEICRILZ@KFIZEEMENC? 28I L TE
BLZGERETable3 22 eH. WIFNRL, HNBL REEL DEIRFZ—EHF R o0
5. 3MLIMDREZFFEHEBML T 5 L, Fe®,In?*,(d%",Pb2* 43 1000F, Co2*,Ni2* 10
HETEIRET T DERDPTEETH - 7C.

4. SHZDFE
FRRTHWLER(E F IV V) FEtkla-daldEEESRENWLD, KIZLFBRERICH
BRELESKWREDFDH B, TDLDHISRIIE, BEEENEREZEATHI LT, BEH
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Fig. 5. Calibration graph for copper (II) ion in the artificial

seawater using bis(hydrazone) 3a.

Organic phase: [3a] = 1.0 x 10-5 M in 1,2-dichloroethane

Aqueous phase: [NaCl] =4.7x 10-1 M, [KCl] = 1.1 x 10-2 M,
[MgCl2] = 2.7 x 10-2 M, [CaCl2] = 1.1x 10-2 M.

pH 8.0
Table 3. Determination of copper (II) ion in seawater
samples.
Sample Cu2+ concentration (1(‘)‘5 M)
No. Actual Found
1 0.80 0.79
2 1.00 1.04
3 1.30 1.35
4 1.48 1.49
5 1.60 1.59

BETORICTLEIO—A V27 a rRFTTF 4 N7 EDRFEAND G
CHLTEEIC LA LD LHIETE S,

2% 3CHR
1) J.F.Galdard and F.Lions, Inorg.Chem., 2, 270 (1963).
2) M.Otomo and H.Noda, Microchem.J., 23, 297 (1978).
" 3) R.Wakita, K.Fujiwara, Y.Nakatsuji and M.Okahara, Chenm.Lett., 1990, 1897.
4) H.Nakamura, M.Takagi and K.Ueno, Anal.Chem., 52, 1668 (1980).
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Studies on Separation and Determination of Metal Ions Using
Crown Compounds.
- Application of Novel Acyclic Bis(hydrazone) Derivatives, Forming Pseudo-Crown Ether
Structures, as Chromogenic Extractants for Metal Ions. -

Hidefumi Sakamoto, Junichi Ishikawa, Kunio Doi and Makoto Otomo
Department of Applied Chemistry, Nagoya Institute of Technology
Gokiso-cho, Showa-ku, Nagoya 466

Summary

Hydrazone derivatives bearing some heterocyclic groups have been utilized for colorimetric
determination of some transition metal ions because they form stable complexes with the metal
ions and their absorption spectra are remarkably changed upon complexation with the metal
jons. Especially, the hydrazones form predominantly 2:1 (hydrazone:metal ion) complexes
with some kinds of divalent metal ions, such as Cu2+> to extract them into organic phase. It
is well-known that an oligoethylene glycol forms the pseudo-cyclic structure, like a crown
ether, to give complex with an appropriate alkali metal ions when the donor atoms of the
ethylene glycol chain participate in coodination with the metal ion. It occured to us that a
bis(hydrazone) derivative bearing two hydrazone moieties linked with oligoethylene glycol can
form binuclear metallic complex with an alkali metal and a transition metal ions to enhance the
complexability and selectivity for the transition metal ion.

In this study, novel bis(hydrazone)s were synthesized and the complexabilities and the
extractabilities of the bis(hydrazone)s for metal jons were evaluated spectrophotometrically. It
was realized that the complexabilities of bis(hydrazone)s for alkali metal ions in H20 - 1,4-
dioxane (72/28 vol%) solution varied with the length of the oligoethylene glycol units.
Especially, 3a, and 4a and 4b exhibited high selectivities for Nat and K, respectively.

On the solvent extraction of alkali, alkaline earth and some transition metal ions using the
hydrazones with nitropyridyl group, Cu2+ was selectively extracted from aqueous solution at
pH 6.2 into 1,2-dichlorocthane
while no extraction of the other

0’+\0'>‘?0
metal ions were shown. The co- @ H Hp
N N

: : : : 2
extraction between a particular 2 NP 2h:2 DN

E BB K
E
B
g
X

\ ! N
alkali metal ionand Cu2* with 3a E H Hr? $3 NP NH
and 4a were also realized. 4 NP 4b: 4 DN :N

. . 2+ . _ sa
Determination of Cu 1 n the NP —/} NO, DN: C NO, NO,
seawater using 3a was attained by N 0N

spectrophotometry.
P P & Structural formulas of hydrazone derivatives.
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