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Cyclic and acyclic dithiamonoaza, tetrathiamonoaza, and tetrathiadiaza analogs of polyethers bearing a
hydrazone moiety on nitrogen atom(s) were synthesized. Their acidity constants in 1,4-dioxane—water solution
and stability constants of hydrazones derived from dithiamonoaza and tetrathiamonoaza analogs of polyethers
for some heavy metal ions in same acidic media were measured spectrophotometrically. Hydrazones of cyclic
and acyclic tetrathiamonoaza series had highly Ag™-selective complexability.

Some chromogenic crown compounds with complex-
abilities for a particular metal ion have been reported
so far. The chromogenic crown ethers used in most of
these investigations had selectivity for alkali metal, al-
kaline earth metal, and ammonium ions.'™%

On the other hand, complexation behavior for heavy
metal ions has been studied using acyclic and cyclic
polythioethers, such as thiacrown ethers, because of
high affinity of the sulfur atom for some soft metal
ions.>® Several chromogenic thiacrown ethers and a
chromogenic acyclic polythioether, which have com-
plexability for particular heavy metal ions, have also
been synthesized in a similar way to that used in
the preparation of the analogous chromogenic crown
ethers.9 1V -

To obtain highly AgT-selective reagents that are
analogs of polythioethers, we have attempted to syn-
thesize novel acyclic and cyclic thiazaalkanes, incorpo-
rating nitrogen and sulfur atoms as heteroatoms in the
molecule. The obtained thiazacrown ethers had Agt se-
lectivity in the solvent extraction.'® Therefore, dithia-
monoaza- and tetrathiamonoazaalkanes bearing a hy-
drazone unit, which is a proton-dissociable chromogenic
moiety, were synthesized and used as chromogenic ex-
tractants of Agt. We previously reported on Agt-selec-
tive extraction behaviors of these chromogenic monoaza
analogs of polythioethers.’® In this paper, we will de-
scribe the syntheses of dithiamonoaza- and tetrathia-
monoazaalkane monohydrazones, 1b—4b, tetrathiadi-
azaalkane dihydrazones, 5b and 6b, and analogous aza-
crown ether hydrazones, 7b and 8b, and their pro-

ton dissociation properties in 1,4-dioxane—water solu-
tion. Complexation behaviors of dithiamonoaza- and
tetrathiamonoazaalkane monohydrazones, 1b—4b, for
some heavy metal ions in 1,4-dioxane—water acidic so-
Iution will also be reported.

Results and Discussion

Syntheses. All of the thiaza analogs of crown ether
derivatives, 1a, 2a, and 5a, were synthesized according
to the procedure reported elsewhere (Fig. 1).'® Acyclic
N-phenyl derivatives of tetrathiamonoazaalkane, 3a
and 4a, and the N,N’-diphenyl derivative of tetrathia-
diazaalkane 6a were obtained by the reactions of appro-
priate thiols with a corresponding tosylate or iodide of
corresponding N-phenyl-substituted azaalkanes in the
presence of sodium ethanolate using ethanol as a sol-
vent. In these reactions, little difference in the yields
between 3a (73%) and 4a (62%) which were synthesized
using tosylate and iodide of N-phenyl-substituted aza-
alkanes as reactants, respectively, was observed. N,N'-
Diphenyltetrathiadiazaeicosane 6a was also given in a
good yield (72%) in a similar manner. The much higher
yield of 6a compared with the yield of cyclic analog
5a (11%) would result from the high flexibility of the
acyclic structure of the former.

In the syntheses of the hydrazono derivatives, formyl-
ation of the phenyl group was done by the Vilsmeier
reaction using POCl3 in DMF in fairly good yield,4'®
followed by a condensation reaction of the resulting for-
myl group with 2,4-dinitro-6-(trifluoromethyl)phenyl-
hydrazine in the presence of a small amount of acetic
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Fig. 1. Structural formulas of cyclic and acyclic thiaza

analogs of polyethers, along with corresponding hy-
drazone derivatives.

acid in ethanol.'¢*” Tetrathia-13-aza-15-crown-5 hy-
drazone 2b and 1,10-diaza-18-crown-6 hydrazone 8b
were synthesized by the reaction of the purified N-
(4-formylphenyl)-substituted crown ether with a hy-
drazine derivative. The formylation of the other N-
phenyl derivatives of polyether analogs and the subse-
quent condensation reaction with the hydrazine deriva-
tive was done continuously in situ to easily give the
hydrazones in the yield of 39—71%.

Proton Dissociation Behaviors of Hydrazono
Derivatives. Proton dissociation on the hydrazo-
no groups was measured spectrophotometrically in 1,4-
dioxane-water (60/40 vol% except for 3b and 4b (48/52
vol%)) solution. For controlling pH, tetramethylammo-
nium hydroxide (TMAOH) was used because TMA™
ion has too low ability of complexation with thiaza-
alkane and azacrown ether moieties to affect the proton
dissociation.

The spectral changes in acyclic tetrathiamonoaza-
alkane hydrazone 4b at various pH are shown in
Fig. 2. Maximum absorptions based on the undis-
sociated species (HL) and the proton-dissociated one
(L™) of 4b were observed at 441 and 519 nm, respec-
tively. Similar pH-dependent spectral changes were also
found for the other hydrazono derivatives used here.
The acidity constants (K,) and the molar absorptivities
(g) of hydrazones were calculated from the absorbance
changes at their maximum absorption wavelengths in a
similar manner as described before'® and are summa-
rized in Table 1. Each of the monohydrazones, 1b—4b,
and 7b, has a close value of acidity constant and similar
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Fig. 2. pH-dependent spectral change of tetrathia-

monoazaheptadecane hydrazone 4b in 1,4 diox-
ane—water (48/52 vol%). pH=6.1, 7.0, 7.7, 8.2, 8.6,
9.0, 9.7.

spectral properties to each other. These results demon-
strate that the proton dissociation property of the hy-
drazone moiety is independent of the kinds of polythia-
monoazaalkane and azacrown ether units.

In the cases of dihydrazones, the values of eg,1, of
5b and 6b, which have two hydrazone moieties in the
adjusting places on the polythiadiazaalkane units, are
much less than that of 8b, having two hydrazones
on the detached places and a symmetrical structure.
The separation between both hydrazone moieties of the
proton-undissociated tetrathiadiazaalkane dihydrazone
gives the greater absorption cross section of the light.
On the other hand, differences among the dihydrazones,
5b, 6b, and 8b, were also observed in proton dissoci-
ation and spectral properties. Especially, 5b, with an
asymmetrical cyclic structure, had a much lower mo-
lar absorptivity of L2~ than those of 6b and 8b. For
the proton-dissociation of the dihydrazones, such a low
molar absorptivity of 5b with a cyclic structure would
be attributable to the narrow absorption cross section
caused by the proximity of two hydrazono groups be-
cause of the steric rigidity. The molar absorptivity of
6b is comparable to that of 8b, probably because the
distance between the two hydrazono groups of 6b is
separated by the repulsion of negative charges.

Complexation of Polythiamonoazaalkane Hy-
drazones with Heavy Metal Ions in Acidic Solu-
tion. The undissociated polythiamonoazaalkane hy-
drazones (HL) used here and heavy metal ions (M"*)
formed complexes (MHL"™") in 1,4-dioxane—water solu-
tion under acidic conditions. The complexation prop-
erties of HL were analyzed in the pH 4.0 to 4.3 re-
gion, except for the cases of Hg?T and Cu?t, those
of which were established in the pH 2.0 to 2.3 region,
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Table 1. Acidity Constants (K,) and Molar Absorptivities (¢)* of Hydrazones in 1,4-Diox-

ane—Water (60/40 vol%) Solution

Compound pKff) or pKQ pK:2) enrL or emar/10* (at Amax/nm)  er,/10* (at Amax/nm)

Monohydrazones

1b 8.07 2.63 (441) 3.98 (516)

2b 8.04 2.64 (444) 3.97 (517)

3b°) 8.03 2.66 (446) 4.03 (519)

4b°) 8.05 2.52 (441) 3.80 (519)

b 8.10 2.24 (427) 3.14 (516)
Dihydrazones

5b 7.81 8.15 3.09 (437) 5.87 (516)

6b 7.68 8.26 3.43 (445) 7.72 (522)

8b 7.84 8.46 4.58 (440) 7.17 (520)

a) Errors for values of & were less than +300 mol~!dm®cm™1.
¢) In 1,4-dioxane-water (48/52 vol%).

values of pK, were within £0.02.

where no protonation of a nitrogen atom of polythia-
monoazaalkane moiety was observed in separate exper-
iments. The complexation induced a considerable hyp-
sochromic shift of absorption spectra in the visible re-
gion in the solution containing the polythiamonoaza-
alkane hydrazones (Fig. 3). Such a hypsochromic shift
is caused by the reduction of electron density of the 2,4-
dinitro-6-(trifluoromethyl)phenylhydrazone moiety ow-
ing to interaction between the metal ion and nitrogen
atom in polythiamonoazaalkane moiety. These spectral
changes of undissociated polythiamonoazaalkane hydra-
zones are similar to those of donor-acceptor type chro-
moionophores, e.g., N-[4-(4-nitrophenylazo)phenyl|aza-
18-crown-6.'%9 On the other hand, the formation of
the proton dissociated hydrazone-metal ion complexes
(ML) was hardly observed under the conditions used
here.
The stability constant, Kyyr,, is defined as Eq. 1.
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Fig. 3. Agt-concentration dependent spectral change
of dithiamonoazaundecane hydrazone 3b in 1,4-
dioxane-water (48/52 vol%). [Agt]=0, 4.0x107¢,
1.6x107%,4.0x107°, 1.0x107%, 1.0x10~2 mol dm 3.

%00

1, b) pKa=-logK,; errors for

Kwar = [MHL™*]/[M™*][HL] . (1)

The total concentrations of the metal ion (Cy) and li-
gand (CL) in acidic solution are respectively represented
as Eqgs. 2 and 3.

COm = [M™1] + [MHL™] | 2)
CL = [HL] + [MHL"*] . (3)

When the concentration of the metal ion, [M™*], except
for Ag* is much greater than [HL], Eq. 2 can be simpli-
fied as Cy=[M™*]. The absorbance (4) of the solution
at an appropriate wavelength is given by Eq. 4, where
EM, €HL, and eymur are molar absorptivities of metal
ion, HL and MHL"™*, respectively.

A=em [Mn+] + €HL [HL] —+ EMHL [MHLTH_] . (4)

Because the values of ¢y and gy, are preliminarily mea-
sured, the values of ey, and Kyyur, can be obtained
simultaneously by minimizing the error square sum (U)
defined by U=Y"(Aobs,i—Acal,i)?, Where Agbs; and Acay;
are the experimentally observed and the calculated ab-
sorbances, respectively.

The stability constants of heavy metal complexes of
1b—4b are summarized in Table 2. The solid line in
Fig. 4, which is calculated from the obtained stabil-
ity constant of the complex of Agt with 1b, demon-
strates the validity of the constants measured. It is
found from the table that cyclic and acyclic tetrathia-
monoazaalkane hydrazones, 2b and 4b, form the most
stable complexes with Ag* among the heavy metal ions
examined. Under the experimental conditions used, 2b
and 4b formed complexes with Agt almost quantita-
tively. Consequently, the values of log Kagn1, of these
hydrazones can be estimated to be larger than 7, which
is a value of identification limit of spectrophotometric
technique used here. The complexabilities of 2b and 4b
for Ag* were much higher than those of dithiamonoaza-
alkanes 1b and 3b. On the comparison of cyclic dithia-



3074 Bull. Chem. Soc. Jpn., 68, No. 11 (1995)

Table 2. Stability Constants (Kuur)® of Metal
Complexes of Dithiamonoazaalkane and Tetrathia-
monoazaalkane Hydrazones, 1b—4b

Stability constant (log Kmur)

Compound Ni?* Cu** Ag* Hg?t+
1bY) —d 4.8 45
2bP) 0.5 3.3 >7°)
3b%) —d 5.3 45
4b° 3.2 >7°) 45

a) Errors for values of log Kyur were within 0.1.
b) In 1,4-Dioxane—water (60/40 vol%) solution. ¢) In
1,4-Dioxane-water (48/52 vol%) solution. d) The value
of log Kyur is less than 0.1. e) The value of Ky is
larger than that of determination limit.
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Fig. 4. Plot of absorbance at 428 nm using dithia-
7-aza-9-crown-3 1b vs. Chg+. CaL =1.99x107°
moldm™3.

monoazaalkane hydrazone 1b and acyclic one 3b, the
latter had slightly higher complexability than the for-
mer, probably because the more flexible structure of 3b
is favorable for formation of the complex with Ag™.
Among the other metal ions, similar complexabil-
ities of 1b, 3b, and 4b for Hg?t and slight com-
plexabilities of 2b and 4b for Cu?t were observed,
while these metal ions were hardly extracted by these
polythiamonoazaalkane hydrazones in the solvent ex-

traction reported before.!® Sulfur atoms of a thio-

ether are well-known to interact with soft (or class
b) metal ions.®'%29) Therefore, the similar complexa-
bilities of these polythiamonoazaalkane hydrazones for
Hg?* should be attributable to the affinity of the sulfur
atom for Hg?* rather than structural flexibilities of the
polythiamonoazaalkane moieties and/or suitable crown
ring sizes.?! 2% Such a difference in the complexabili-
ties of the polythiamonoazaalkane hydrazones between
for Agt and for Hg?t may be attributed to the differ-
ent affinities of these metal ions for sulfur and nitrogen

Ag™" -Selective Chromogenic Ionophores

atoms with a hydrazono group which is an electron-
drawing unit.??

Cu?* is a borderline, i.e., class ab, metal ion and the
stabilities of Cu?*—thioether complexes are not so high
as those of soft, i.e., class b, metal ions. Thus, Cu?t
has a higher affinity for nitrogen atoms than for sul-
fur atoms. Consequently, the complexabilities of these
compounds for Cu?t can be explained by the cooper-
ative effect of the association of a nitrogen atom?%2%
and the low affinity of sulfur atoms.

The hydrazones used here hardly formed stable com-
plexes with the other heavy metal ions, i.e., Zn?*, Cd?t,
TI*, and Pb?+.

Experimental

Infrared spectra were recorded on a Shimadzu IR-408
grating spectrophotometer. Mass spectra were measured
with a Hitachi M-2000S (for FAB) and JEOL JMS-DX303
(for EI) instruments. Melting points were determined
with Yanaco melting point apparatus and were uncorrected.
YHNMR spectra were recorded on Hitachi R-90 and Varian
X1L-200 spectrometers as CDCl;3 solutions containing tetra-
methylsilane as an internal standard. Electronic spectra
were obtained on a Hitachi 150-20 spectrophotometer with
1-cm quartz cells. pH measurements were made using a Toa
pH Meter HM-30S equipped with a Toa GST-5311C glass
electrode. Elemental analyses were achieved on a Yanaco
MT-2 CHN Corder. Unless otherwise specified, all reagents
were the best grade and were used as received. The syn-
theses of N-phenyldithia-7-aza-9-crown-3 (1a), N-phenyl-
tetrathia-13-aza-15-crown-5 (2a), N,N’-diphenyltetrathia-
13,16-diaza-18-crown-6 (5a), and N,N’-diphenyl-1,10-di-
aza-18-crown-6 (8a) have been described elsewhere.!® N-
Phenylaza-15-crown-5 (7a) was purchased from Merck &
Co., Inc. and was used without further purification. THF
and 1,4-dioxane were distilled over NaH. Ethanol was dried
over magnesium ethanolate. 1,2-Dichloroethane, chloroform,
and acetone were purified by distillation in the usual way.
DMF was purified by vacuum distillation after drying over
MgSO4. Water was doubly distilled. Metal salts were ana-
lytical grade.

Synthesis. 6-Phenyl-3,9-dithia-6-azaundecane
3a: The tosylation of 3-phenyl-3-azapentane-1,5-diol with
p-toluenesulfonyl chloride in the presence of NaOH in wa-
ter/THF solution gave 1,5-bis(p-tolylsulfonyloxy)-3-phenyl-
3-azapentane (62%).29 Na (1.27 g, 55 mmol) was dissolved
in dry ethanol under nitrogen atmosphere. To the solu-
tion was added an ethanethiol (3.36 g, 55 mmol) and then
the mixture was stirred at r.t. for 1 h. The mixed solution
was heated to the refluxing temperature. To the refluxing
solution was added 1,5-bis(p-tolysulfonyloxy)-3-phenyl-3-
azapentane (12.24 g, 25 mmol) and then the mixture was
stirred for 12 h. After the reaction was completed, the sol-
vent of the mixture was evaporated in vacuo and then to the
residue was added 100 cm?® of water. The aqueous solution
was extracted with CHCl3 (100 cm®x3). The extract was
dried over Na2SQOy4. After removal of the solvent the vacuum
distillation of the residue yielded 3a (73%) as a pale yellow
oil. 3a: Bp 100—105 °C/0.1 Torr (1 Torr=133.322 Pa);
'HNMR (CDCl3) §=1.12—1.34 (m, 6H, CHz), 2.45—2.79
(m, 8H, CH;SCHy), 3.43—3.61 (m, 4H, CH,NCH,), 6.59—
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7.36 (m, 5H, ArH).

9-Phenyl-3,6,12,15-tetrathia-9-azaheptadecane 4a:
The reaction of 1,5-diiodo-3-phenyl-3-azapentane (4.01 g, 10
mmol), which was obtained by the reaction of Nal and 1,
5-bis(p-tolylsulfonyloxy)-3-phenyl-3-azapentane in acetone,
with 3-thiapentane-1-thiol (2.69 g, 10 mmol) afforded 4a
(62%) in a similar way to 3a except for purification us-
ing Kugelrohr distillation. 4a: Pale yellow viscous oil; bp
ca. 200 °C/0.1 Torr (by Kugelrohr distillation); 'HNMR
(CDCls) 6=1.12—1.37 (m, 6H, CHs), 2.40—2.81 (m, 16H,
SCHs,), 3.42—3.61 (m, 4H, CH,NCH3), 6.59—7.34 (m, 5H,
ArH).

9, 12- Diphenyl- 3, 6, 15, 18- tetrathia- 9, 12- diaza-
eicosane 6a: The tosylation of 3,6-diphenyl-3,6-diaza-
octane-1,8-diol, which was prepared according to the proce-
dure previously reported,lz) with p-toluenesulfonyl chloride
gave 1,8-bis(p-tolysulfonyloxy)-3,6-diphenyl-3,6-diazaoctane.
Compound 6a was prepared by the reaction of this ditosy-
late (3.04 g, 5 mmol) with 3-thiapentane-1-thiol (1.22 g,
10 mmol) in ethanol solution (20 cm®) containing sodium
ethanolate (12 mmol) in a similar way to 3a. The pure
product was isolated by recrystallization from hexane. 6a:
White needles (72%); "HNMR, (CDCl3) 6=1.10—1.38 (m,
6H, CHs), 2.38 —2.80 (m, 16H, CH2SCH>), 3.38—3.58 (m,
8H, CH3;NCH;), 6.63—7.34 (m, 10H, ArH).

General Procedure for Preparation of Hydrazono
Derivatives. A dry DMF (10 cm®) solution containing an
appropriate N-phenyl derivative of thiazaalkane (6 mmol for
phenyl unit) was cooled in an ice bath. To the solution was
dropwise added POCl; (1.16 g, 6.6 mmol) for 5 min. After
the addition was completed, the mixture was stirred in an ice
bath for 10 min, at r.t. for 1.5 h, and then at 100 °C for 3 h.
After the reaction was completed, the reaction mixture was
poured into the ice water (20 cm®) and the mixed solution
was stirred for 30 min, neutralized with sodium acetate, and
extracted with CHClz (20 cm®x3). The combined extract
was concentrated to afford the crude corresponding N-(4-for-
mylphenyl) derivative. A dry ethanol solution (50 cm®) of
hydrazine monohydrate (0.43 g, 85 mmol) was refluxed with
stirring, and to the solution a solution of 1-chloro-2,4-dini-
tro-6-(trifluoromethyl)benzene (1.89 g, 7 mmol) in 50 cm?® of
ethanol was added dropwise for 15 min. After the addition,
the reaction mixture was stirred for 2 h at the refluxing tem-
perature. To the solution were added a small amount (ca.
0.1 cm®) of acetic acid and the ethanol solution (20 cm®) of
the crude N-(4-formylphenyl) derivative of the thiazaalkane
obtained previously. The mixed solution was refluxed with
stirring for 2 h. After the reaction was completed, the pre-
cipitate obtained was filtered and was recrystallized from
ethanol to yield the appropriate hydrazone.

1b: Deep red solid (39%); mp 245—246 °C; IR
(XBr) 3300, 2900, 1670, 1600, 1560, 1540, 1390, 1320,
1260, 1240 cm™'; "MNMR (CDCl3) §=2.74—3.22 (m, 8H,
CH>SCHz), 3.71—3.88 (m, 4H, CH;NCH3), 6.80—7.70 (m,
4H, ArH), 7.95 (s, 1H, CH), 8.69—9.20 (m, 2H, ArH), 11.13
(s, 1H, NH); MS (EI) m/z 515 (M*). Anal. Caled for
Con20N50482F3: C, 46.60; H, 3.91; N, 13.59%. Found:
C, 46.20; H, 3.90; N, 13.48%.

3b: Deep red solid (52%); mp 141--142 °C; IR
(KBr) 3300, 2900, 1670, 1600, 1560, 1540, 1390, 1320,
1260, 1240 cm™; 'THNMR (CDCl3) §=1.15—1.40 (m, 6H,
CHs), 2.44—2.81 (m, 8H, CH,SCH,), 3.48—3.70 (m, 4H,
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CH:;NCH;), 6.58—7.70 (m, 4H, ArH), 7.88 (s, 1H, CH),
8.69—9.17 (m, 2H, ArH), 11.13 (s, 1H, NH); MS (EI) m/z
545 (M+) Anal. Caled for CaaHaeN504S2F3: C, 48.43; H,
4.80; N, 12.84%. Found: C, 48.28; H, 4.65; N, 13.05%.

4b: Deep red solid (51%); mp 100—101 °C; IR
(XBr) 3300, 2900, 1670, 1600, 1560, 1550, 1390, 1330,
1270, 1240 cm™'; 'HNMR (CDCl;) §=1.15—1.40 (m, 6H,
CHs), 2.40—2.87 (m, 16H, CH2SCH>), 3.50—3.72 (m, 4H,
CH;NCH,), 6.58—7.70 (m, 4H, ArH), 7.88 (s, 1H, CH),
8.69—9.17 (m, 2H, ArH), 11.13 (s, 1H, NH); MS (EI) m/z
665 (MT). Anal. Caled for C2gH34N504S4F5: C, 46.90; H,
5.15; N, 10.52%. Found: C, 46.94; H, 5.12; N, 10.35%.

5b: Deep red solid (52%); mp>300 °C; IR (KBr) 3300,
2900, 1670, 1600, 1560, 1550, 1390, 1330, 1270 cm™; MS
(FAB) m/2 1030 (M+) Anal. Calcd for C40H4oN1008S4F6:
C, 46.59; H, 3.91; N, 13.58%. Found: C, 46.81; H, 3.94; N,
13.67%.

6b:  Deep red solid (71%); mp 184—185 °C; IR (KBr)
3300, 2900, 1670, 1600, 1560, 1550, 1390, 1330, 1270 cm™*;
'"HNMR (CDCls) §=1.10—1.40 (m, 6H, CHj3), 2.38—2.80
(m, 16H, CH2SCH), 3.48—3.88 (m, 8H, CH,NCHy), 6.60—
7.75 (m, 8H, ArH), 7.98 (s, 2H, CH), 8.70—9.20 (m, 4H,
ArH), 11.13 (s, 2H, NH); MS (FAB) m/z 1061 (M"). Anal.
Caled for C42HysN190sS4Fs: C, 47.54; H, 4.37; N, 13.19%.
Found: C, 47.74; H, 4.31; N, 12.89%.

7b:  Deep red solid (49%); mp 185—186 °C; IR (KBr)
3480, 2820, 1630, 1560, 1130 cm™*; 'HNMR. (CDCl3) é§=
3.52—3.82 (m, 20H, CH,), 6.61—7.66 (m, 4H, ArH), 7.90
(s, 1H, CH), 8.71—9.18 (m, 2H, ArH), 11.14 (s, 1H, NH);
MS (EI) m/z 571 (M*). Anal. Calcd for CasH2sN5OgF3:
C, 50.43; H, 4.90; N, 12.26%. Found: C, 50.27; H, 4.93; N,
12.62%.

2b: N-(4-Formylphenyl)tetrathia-13-aza-15-crown-5 was
synthesized as described in general procedure and was iso-
lated as follows: After the reaction of 2a (0.47 g, 1.3 mmol),
DMF (10 cm®), and POCI; (0.23 g, 1.5 mmol) was com-
pleted, the reaction mixture was poured into the ice water
(20 cm®). The mixed solution was stirred for 30 min, neu-
tralized with sodium acetate, and then was allowed to stand
for ca. 12 h in a refrigerator to obtain a precipitate which
was filtered to yield pale yellow crystals (95%); "HNMR
(CDCl3) §=2.68—2.90 (m, 16H, CH2SCH;), 3.54—3.78
(m, 4H, CH2NCH,), 6.58—7.84 (m, 4H, ArH), 9.77 (s,
1H, CHO). The condensation reaction of the obtained N-
(4-formylphenyl)tetrathia- 13- aza- 15-crown-5 (0.23 g, 0.6
mmol) with 2,4-dinitro-6-(trifluoromethyl)phenylhydrazine
(0.18 g, 0.6 mmol) according to the general procedure was
gave 2b as a deep red solid (52%); mp 190—191 °C; IR
(KBr) 3300, 2900, 1670, 1600, 1560, 1550, 1390, 1330,
1270, 1240 cm™*; *HNMR (CDClz) §=2.67—2.88 (m, 16H,
CH2SCH3), 3.50—3.78 (m, 4H, CH;NCH,), 6.60—7.68 (m,
4H, ArH), 7.88 (s, 1H, CH), 8.69—9.17 (m, 2H, ArH), 11.13
(s, 1H, NH); MS (EI) m/z 635 (M*). Anal. Calcd for
C24H2sN50484F3: C, 45.34; H, 4.44; N, 11.01%. Found: -
G, 45.10; H, 4.34; N, 10.79%.

8b: The synthetic procedure was similar to that for
2b. The formylation reaction of 8a with POCl; and DMF
afforded N,N’-bis(4-formylphenyl)-1,10-diaza-18-crown-6 as
a pale blue crystal (68%); mp 130—131 °C; IR (KBr) 2880,
1670, 1570, 1130 cm™*; "HNMR, (CDCl3) 6=3.51—3.82 (m,
24H, CH,), 6.97—7.80 (m, 8H, ArH), 9.72 (s, 2H, CHO);
MS (EI) m/z 470 (M™). Compounds 8b was synthesized
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by the condensation reaction of N,N’-bis(4-formylphenyl)-
1,10-diaza-18-crown-6 with 2,4-dinitro-6-(trifluoromethyl)-
phenylhydrazine in a similar manner as that for compound
2b and was a deep red solid (68%); mp 228—229 °C; IR
(KBr) 3480, 2820, 1630, 1560, 1130 cm™*; 'HNMR (CDCls)
6=3.51—3.79 (m, 24H, CH,), 6.59—7.62 (m, 8H, ArH), 7.85
(s, 2H, CH), 8.64—9.18 (m, 4H, ArH), 11.10 (s, 2H, NH);
MS (EI) m/z 966 (M+) Anal. Calcd fOI‘ C40H40N10012F6:
C, 49.69; H, 4.14; N, 14.49%. Found: C, 50.27; H, 4.14; N,
14.46%.

Acidity Constants of Hydrazono Derivatives. The
acidity constants of hydrazono derivatives were measured
spectrophotometrically at 25.0+0.2 °C. Because the hydra-
zono derivatives used here are hardly soluble in water, 1,4~
dioxane—water (60/40 vol% except for 3b and 4b (48/52
vol%)) solution was chosen as a solvent. The pH of the
solution (25 cm?®), which contained 2.0x10~° mol dm™2 hy-
drazono derivative of thiazaalkane and 0.2 moldm ™3 tetra-
methylammonium chloride (TMACI) for obtaining constant
ionic strength, was controlled by tetramethylammonium hy-
droxide (TMAOH) and Good’s buffers (0.01 M, 1 M=1
moldm™?) as follows: pH 4.0—6.5, 2-(morpholino)-1-ethane-
sulfonic acid (MES); pH 6.5—7.5, 3-(morpholino)-1-propane-
sulfonic acid (MOPS); pH 7.5—9.0, 3-[tris(hydroxymeth-
yl)methylamino]-1-propanesulfonic acid (TAPS); 9.0—10.0,
2-(cyclohexylamino)-1-ethanesulfonic acid (CHES); 10.0—
11.0, 3-(cyclohexylamino)-1-propanesulfonic acid (CAPS);
above pH 11, only aqueous TMAOH solution. Electronic
spectra were measured at each pH. The acidity constants
(Ka) are defined as K,=[L~][H*]/[HL] for monohydrazo-
no derivatives (HL) and Ka1=[HL”][H']/[H2L] and K.o=
[L2~][H*]/[HL"] for dihydrazono ones (HaL).

Complexation of Polythiamonoazaalkane Hydra-
zones in Acidic Solution. The stability constants of
metal complexes (MHL™") of monohydrazono derivatives
(HL), 1b—4b, were measured spectrophotometrically in a
similar manner as described in the measurement method of
the acidity constants, and KNO3 was used for adjusting the
ion strength at 0.2 mol dm™3. The measurements of the sta-
bility constants were done by keeping the pH constant and
changing metal ion concentration in the solution. The me-
dia used were 1,4-dioxane—water (60/40 vol% for 1b and 2b
and 48/52 vol% for 3b and 4b) solution as mentioned above.
Concentrations of hydrazones were 2.0x10~° moldm™3.
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