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Two derivatives of 1,2-bis(o-aminophenoxy)ethane-N,N,N', N'-tetraacetic acid (Habapta), in which the dis-
tance between the chelating functions is changed, have been synthesized. The structure—interaction relationships
of their complexation behavior with alkaline earth metal ions are discussed from the viewpoint of their acidity
constants and stability constants of their chelate-complexes.

Structure—interaction relationships on chelation of
metal ions by polydentate ligands have been noted in
studies of highly selective chelators. Many chelators
in this category, especially polyamine polycarboxylate-
type chelators, exert interesting patterns in selectiv-
ity for binding a series of alkaline earth metal ions
from Mg?t to Ba’t. Namely, interest has been fo-
cused on Ca2?* from the viewpoint of biological activi-
ties of this ion such as muscle contraction, neurotrans-
mitter release, hormonal response, blood clotting, etc.
Calcium-binding proteins, such as troponin C*? and
calmodulin,® that exist in biological cells bind Ca?*
with large affinity (K§?: dissociation constants of Ca2*-
protein complex ~10~7 moldm~3) and excellent se-
lectivity for Ca?* over Mg?* and other alkaline earth
metal ions (>10* difference in stability constant). High
affinity of these proteins for Ca?* has been accounted
for by their structures at the binding site: four carboxyl-
ate groups with net charges of —4 are set at appropriate
positions to chelate the metal ion.

Six out of eight donor atoms in 3,6-dioxaoctane-1,8-
diamine-N,N,N', N'-tetraacetic acid (Hyegta), a repre-
sentative polyamine polycarboxylate-type chelator, are
oxygen atoms that hold neutral or anionic charges on
them depending on pH of the aqueous solution. The
net charges which this chelator can hold are exactly the
same as those on calcium-binding proteins mentioned
above. The analogy has brought out Hyegta as a use-
ful model for the Ca?* binding site of proteins and this
chelator has been studied extensively. Based on X-ray
crystallographic studies, factors that govern the stabil-
ity of egta—Ca?* complex has been discussed.*?

In 1980, Tsien synthesized 1,2-bis(o-aminophen-
oxy)ethane- N,N,N', N'-tetraacetic acid (Hgbapta), an
H,egta-like chelator in which 1,2-disubstituted benzene
rings hold amino nitrogens in the vicinity of ethereal
oxygens (Chart 1).9 In addition, Hybapta has some
novel properties, as follows: i) Hybapta not only exerts
as high selectivity for Ca?t over Mg?* (Ca2?t/Mg?*=
10°2) as Hyegta does (Ca?t /Mgt =10%-%)® at physio-
logical pH region but also exerts faster rate for complex-
ation with Ca?* than Hyegta.® ii) Because of the ex-

istence of two phenyl groups in the molecule, Hybapta
exerts appropriate absorption maximum in its UV spec-
trum. Thus, chelating and free states of Hybapta
can be followed quite conveniently by UV spectroscopy,
which makes it easy to study the chelation chemistry.
The equilibria in chelation®!® and an X-ray crystal
structure'? have been reported.

It is interesting and meaningful to study structure—
interaction relationships on selective chelation toward
metal ions. In order to elucidate the relationship un-
equivocally, systematic variation in structure of the
chelator is required. There are, however, only scat-
tered results in reports so far published.!?!® We se-
lected Hybapta as the suitable chelator for systematic
variation in structure. Since Hybapta has two phenyl
moieties, modification of structure can be carried out
more easily than that in Hyegta both in introducing
certain functional group to a phenyl ring and in chang-
ing the length of methylene linkage between two ethe-
real oxygen atoms. One attempt to modify the chela-
tor is to substitute an electron-withdrawing or -donat-
ing group on the molecule to introduce a variation in
pK, of anilinium protons.® The other is to introduce a
hard core to the molecule by substituting a cyclopen-
tyl, benzofuranyl or quinolinyl moiety for the phenyl
rings.® No attempts of changing the structure of the
carbon linkage between two phenoxy moieties in order
to construct the most suitable structure for particular
metal ion have been reported. We have worked on this
topic for several years; the results based on modification
of Hybapta will be reported in this paper.

Results

Preparation of Materials. 1,3-Bis(o-aminophen-
oxy)propane- N,N,N', N'- tetraacetic acid (Hybappta)
and 1,4-bis(o-aminophenoxy)butane- N,N,N', N'- tetra-
acetic acid (Hybapbta) have been synthesized follow-
ing the procedure reported by Tsien.® The nitro groups,
however, were reduced by powdery tin/concd HCI in-
stead of Hy/Pd-C. In a relatively large scale prepara-
tion, reduction of nitro group by the former procedure
proceeds more effectively and affords the correspond-
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ing amino compounds in higher yield and purity. The
synthetic procedures are summarized in Scheme 1.

Determination of Acidity Constants. All equi-
librium constants employed in this report are defined in
Table 1. It is generally considered that these polyamine-
N-polycarboxylate type chelators exist as zwitterionic
forms in aqueous solutions; thus the lower two pKj;s
can be defined as the acidity constants of two of four
carboxyl groups and the higher two pK,;s as those of
two anilinium ions. Acidities of these compounds have
been determined by the conventional titration method
employing the value of 0.83 as the activity coeflicient
of proton (yg).!® Table 2 summarizes all the pKg;s
of Hybappta and Hybapbta together with those re-
ported for others.

In order to confirm the reliability in comparing the
measured pK,;s with those reported for other chelators,
those of Hybapta were measured by us simultaneously
and compared with those reported.®2>2%) Two indepen-
dent measurements on Hybapta under the same titra-
tion conditions showed reasonable agreement in equal
pK,s and pK,,, whereas small deviations from the con-
stants which have been reported already by Yuchi et. al.
were observed in pK,; and pK,s. Thus the values of
pK.3 and pK,; for Hybappta and Hybapbta may
safely be used for discussion. Because of insolubility of
H bappta and Hybapbta, the accuracy of the latter
pK,is are unreliable.

Determination of Stability Constants. Poten-
tiometric titration was employed for the determination.
For all titrations, the concentration of metal ion was
kept 10-fold excess over that of the chelator. In order
to elucidate the value of K1, accurately, however, it

Table 1. Definitions of Acidity and Stability Constants

Equilibrium Constant
H4yL=H"+H;L" K
H3L_=H++H2L2_ Ko
H,L?~ =H'+HL3*" K3
HL*~=H*4L%" Kay
Ht+ML?*” =MHL" KyvLu
M2t L4 =ML~ Kuw
M?** 4+ ML?*” =ML Kwmor,
M2+ +HL3” =MHL" KwunuL

was necessary to run an additional titration with a so-
lution containing equimolar amounts of a metal ion and
a chelator.

The titration spectra were analyzed according to
Schwarzenbach’s method!™!® and all four thus eluci-
dated possible equilibrium constants for newly syn-
thesized compounds, Hy4bappta and Hybapbta, are
listed in Table 3. Titration spectra in the absence and
presence (10 equivs in concentration) of alkaline earth
metal ions are illustrated in Figs. 1 and 2.

Discussion

Acidity of Functional Groups. First of all, it
appears in Table 2 that aliphatic nitrogens are much
stronger bases than aromatic ones (pK,ss and pKyys),
which is a generally observed result for aliphatic and
aromatic amines.

The difference in pK,s of two nitrogen atoms
(6shetator—p K, —pK,3) in ethylenediamine-N,N,N',N'-
tetraacetic acid (Hgedta) is much larger than those in
other chelators (6‘3‘ita 4.06). This observation is under-
standable on the basis of their structures: two nitrogens
in Hyedta are connected to each other by a relatively
short chain of two methylene groups, whereas those in

-log[H*]

Fig. 1.

Titration curves of K4bappta in the absence
and presence of the alkaline earth metal ions. a=
[HCI]/[chelator] (1) No metal ion, (2) Mg?*, (3) Sr®*,

(4) Ba’*, and (5) Ca?* ([M?*]>10[K4bapptal).
All titrations were performed at 25.0+0.2°C, 1=0.1
moldm ™3 (KNO3).
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(i) Br(CH,),Br, DMF, 100 °C; (ii) Sn, conc.HCl, EtOH, reflux; (iii) 1,8-bis(diethylamino)naphthalene,
BrCH,CO4R (R = Me or Et), acetonitrile, reflux; (iv) KOH, EtOH/H,0, 60 °C; (v) Dowex 50wX8, H,0

Scheme 1.

Table 2. Acidity Constants® of Several Chelators

Chelator pKaz pKa2 pKas PKay
edta® 1.99 2.68 6.11 10.17

egta® 2.00+ 0.00  2.66+ 0.02 885+ 0.01  9.47+ 0.02
bapta® 2.67 3.48 5.44 5.95
bapta® — — 5.47+ 0.1 6.36+ 0.1
bapta, 2.314+ 0.01  3.12+0.02 5.294 0.01  5.92+ 0.00
bappta —D 2.824+ 0.02  5.404+ 0.01  6.37% 0.00
bapbta —D 2.934+ 0.03  5.58+ 0.01  6.51% 0.00

a) All the constants are defined as follows;
b) Constants from Martell and Smith!4) (/=0.1

¢) Constants from Martell and Smith'4) (I=0.1
d) Constants from Yuchi et al.2?) (1=0.1 moldm~3
e) Constants from Tsein et al.5) (I=0.1 moldm—3
f) No appropriate value was obtained within confidential

(Kqn/moldm™3).
moldm—3, 25 °C).
moldm~—3, 20 °C).
(KNO3), 25 °C).
(KC1), 20°C).
accuracy.

Hgegta (855 "=0.62) and other chelators (6bapta—0.63,
6b8ppta =0.97, and 6bapbta =0.93) are separated by
many bonds. This large value of 5edta can be inter-
preted that the first protonation on one nitrogen atom
(pK,y) in Hyedta prevents the second protonation on
the other nitrogen atom (pK,3). In other words, these
two nitrogens in Hyedta cooperatively stabilize the
state of initial protonation by bridging a proton between
two nitrogen atoms; the system may be represented by
Né+...H...N®*. Whereas, smaller 83 4 values (from 0.6
to 1.0) in three Hybapta derivatives including Hyegta
than 6§f}fa implies more or less independent protonation
on both of equivalent two nitrogen atoms which are sep-
arated in long distances. It is reported that the differ-
ence in pK, of intramolecular but infinitely separated
two ammonium ions is statistically about 0.6.! When
the difference is inspected more carefully, however, it

pKa,n = —lOg Kan

is recognized that the differences in Hybappta and
Hsbapbta are obviously larger than those in Hyegta
and Hybapta. This observation of reversing effect can-
not be accounted for by the through-space electronic
effect of an anilinium ion only.

Although there is no evidence at present, we suspect
that a carboxylate group on the other nitrogen is in-
volved for the first protonation, resulting in difficulty
in protonation on this second nitrogen. This sort of
participation by a carboxylate anion becomes easier as
the chain becomes longer and the structural flexibility
becomes larger.

Unfortunately, in both Hybappta and Hsbapbta,
no appropriate values of pK,; and pK,2 were obtained
within confidential accuracy because of the low solubil-
ity of tri- and tetra-protonated species of bapta-deriva-
tives. All the titrations in our experiments were car-
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Table 3. Equilibrium Constants® of Several Chelators

Chelator log K
M g2+ Ca2*t g2t Ba2t

edta®

log KmL 8.83 10.61 8.68 7.80
egtab)

log Kmr 5.28 10.86 8.43 8.40

log KvuL® 3.37 5.33 4.37 4.26
bapta®

log Kmr, 1.779 6.97¢) 5.28 5.78

log Kwmar, 0.3% —eb -5 -5

log KmuL —8 —8) 1.48 3.21

log Kvpm —8 —8 2.12 3.35
bappta

log Kmr, 1.82 4.68 2.92 3.48

log KoL 2.12 —D 1.77 D

log KmuL 0.16 2.56 1.91 2.18

log Knmu 4.711 4.25 5.37 5.08
bapbta

log Kmr, 1.22 3.30 2.46 2.72

log KmaL 2.60 1.80 2.21 2.07

log KmuL 0.90 2.41 1.90 2.20

log Kmru 6.18 5.62 5.96 6.00
Calmodulin® 3.0 6.0—7.2

a) All equilibrium constants are defined in Table 1. b) Constants from Martell and Smith!4)

(I=0.1 moldm™3, 20°C).
from Tsien® (I=0.1 moldm™=3, 22 °C).
h) Constants from Refs. 24 and 25.

-log[H"]

Fig. 2.

Titration curves of K4bapbta in the absence
and presence of the alkaline earth metal ions. a=
[HCI]/[chelator] (1) No metal ion, (2) Mg?*, (3) Sr*T,
(4) Ba?*, and (5) Ca?t ([M>']>10[K4bapbta]).
All titrations were performed at 25.0+0.2°C, I=0.1
moldm ™3 (KNO3).

ried out in solutions initially containing 10~3 mol dm—3
of tetra-ionic form of a chelator which is higher than
the solubility of Hybapta, ca. 107 moldm=3 (at
—log [H*]<2.6).222® Hybappta and Hybapbta might
be less soluble than Hybapta, because the formers have
longer alkyl chain, or a hydrophobic moiety than the

¢) Constants from Anderegg.!)
f) The value is negligibly small.

d) Presentresults. e) Constants
g) Not determined.

latter. It should be noted that the values for pK,; and
pK,2 are not important, fortunately, in determining the
stability constants, because the complexation with al-
kaline earth metal ions does not usually occur at low
pH region.

Stability of the Complex. Figure 1 demonstrates
that the order of affinity of alkaline earth metal ions
toward bapptat~ is Ca?* >Ba?* >Sr?*>>Mg?t when
excess metal ions exist in the system. The relationship
also holds with bapbta*~ (Fig. 2). However, detailed
inspection with the aid of Table 3 reveals that this order
is valid only for the formation of 1:1 (ML) complexes.
For the formation of 2: 1 (MoL) complexes, on the other
hand, the order changes to Mg?*>>Sr?>* >Ba?* >Ca?*:
The order is reversed and the position of Mg?* changes
dramatically. When a chelator forms a complex with a
cation, it is quite conceivable that all of four carboxyl-
ate groups and two nitrogen atoms participate in hold-
ing the metal ion, which is much larger than a proton
(vieeML2™) (Chart 2). In comparison with bapta®~,
however, bappta®~ and bapbta*~ are anions that pre-
fer to catch a cation by the geminal-type mode (gem-
ML2-) because of their longer linkage between two
ethereal oxygen atoms. Thus, the smallest Mg?* ion
is most favorable for a MyL-complex with bappta®~ or
bapbta*~, whereas Mg?* ion is too small and entrop-
ically least favored for the formation of a ML-complex
with these chelators in a vicinal-type mode. It should
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also be noted that the smallest ion has the largest charge
density.

During spectrophotometric measurement of stability
constants for bapta®~, it was recognized that the spec-
tral shift on complexation with Mg2* is much less than
that with Ca?* and about twice as much Mg?* as that
of Ca?" is required to cause the shift to a similar extent.
This observation indicates sequential binding of Mg?*
to each end of the chelator (gem-MLZ2™) in contrast to
competitive binding of Ca?*t to the central part of the
anionic cavity (viccML27). The preference in forming
an M,L complex with Mg2* over other metal ions is
demonstrated by their log Kyio1, values.

Table 3 lists logarithmic stability constants of ML-
and M,L-type complexes. For three cations: Ca?*,
Sr?*, and Ba?*, the stability constants for ML-type
complexes decrease appreciably with the increase in
number of methylene groups, whereas they are little
affected for Mg?t. Bapta*~ prefers to form a com-
plex of vicinal-type even for proton. This might be
true for larger alkaline earth metal ions. On the other
hand, this tendency disappears gradually with the in-
crease in number of the methylene group. In the case
of bappta*~ or bapbta*~, non-negligible contribution
of MsL-type complexes are observed with simultaneous
formation of the geminal-type ML complexes.

The validity of discussion is also supported by Kyru,
acidity of the ML-complex. The value is the largest with
Mg?t and the smallest with Ca%t in M(bappta)?~.
Since Mg?* ion is bound by bappta*~ sequentially, or
at one corner of the chelator by the aid of a triden-
tate ligation, the other nitrogen at the other end of the
chelator is free to bind a proton, whereas since the chela-
tor holds Ca2* ion in its central position, two nitrogen
atoms in this chelator participate to chelation equally
at the sacrifice of its affinity toward a proton, or acidity.
Similar discussion is also valid for bapbta®~

The Ca?t/Mg?* selectivity ratios for ML-type com-
plexes are 1.79, 5.58, 5.20, 2.86, and 2.08 for edta*~,
egta®~, bapta®~, bappta*~, and bapbta®~, respec-
tively. Entropically most favorable egta®*~ in forma-
tion of a vic-ML-type complex exerts the largest value
and edta*~ which has the smallest anionic cavity ex-
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erts the smallest ratio. Compensation of entropic and
gem-preference effects results in similar selectivity for
bappta*~ and bapbta®~. The smaller Ca?t/Mg?*
selectivity ratios for bappta*~ and bapbta*~ than
egta?~ and bapta®~ suggest that high affinity for
Ca?*t is attributed to suitable molecular length and fa-
vorable configuration of the ligating groups.

In general, the increase in size of chelating ring leads
to the decrease in stability. The phenomenon has been
accounted for by an entropic effect associated with the
freezing of freedom of bond rotation.'® Hancock and
Martell, however, proposed another interpretation for
this phenomenon based on molecular mechanics:2%?V A
decrease in stability is not due to the entropy effect but
due to the enthalpy effect associated with unfavorable
steric strain of the chelating ring. Their results reveal
that the increase in size of chelating ring leads to greater
destabilization with larger metal ions than with smaller
ones.

When this idea is employed for understanding the
present result, greater decrease in stability constant for
Ca’t ion than for Mg?*t ion on going from bapta?~
to bapbta*~ is a reasonable consequence. The present
systems will be subjected to thermodynamic measure-
ments. Whichever the major contribution is, the net
effect has to be interpreted in terms of geminal- vs. vic-
inaktype and MsL- vs. ML-type chelation simultane-
ously. Neither can predict the tendency independently.

It is interesting to note that the Ca?*/Mg?t selec-
tivity of bappta®~ resembles that of Ca?*-transport-
ing protein, calmodulin,?42% the value for which is also
listed in Table 3.

Finally, it should be pointed out that the difference in
Kot and Ky, for Mg?t and Ca2* ions may be applied
to construct an active transportation system of Mg?™
ion coupled with passive transportation of Ca2* ion.
The research is in progress in our laboratory and the
result will be reported elsewhere.

Experimental

Instruments. HNMR spectra were recorded at 200
MHz on a Varian VXR 200FT NMR spectrometer. UV spec-
tra were recorded on a Hitachi U-3210 spectrophotometer at
25.0£0.2 °C adjusted by a Hitachi SDR-30 temperature con-
troller. Elemental analyses were performed with a Yanaco
MT-5 Elemental Analyzer. Potentiometric titration was
performed with a manual-operating titration system which
consists of a Horiba digital ion meter N-8, a Horiba combi-
nation pH electrode 6028-10T, an inlet for argon gas, a glass
burette and 50 cm® of three-necked round bottomed flask.

Materials. Chemicals and solvents were used as ob-
tained from commercial sources unless otherwise noted. Dis-
tilled water used for preparation of stock solutions of chela-
tors was decarbonated by refluxing for 2 h and stored in plas-
tic bottles made of polypropylene. Acetonitrile was distilled
from calcium hydride immediately before the use. Nitrates
were used as the source of all alkaline earth metal ions. They
were dried over 2 h at room temperature under reduced pres-
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sure. Standard solutions of aqueous hydrochloric acid were
purchased from Nacalai Tesque Co., Ltd. Hybapta was pre-
pared according to the literature procedure.®

Potentiometric Titration. All titrations were carried
out under argon saturated with water at 25+0.2°C. Ionic
strength was adjusted to 0.10 by 0.10 moldm~2 KNOj for
all titrations.

For preparation of sample solutions which were used in
titrations for stability constant determination, alkaline earth
metal nitrate salt was weighed in a 50 cm® three-necked flask
filled with argon, and 20 cm® of a stock solution (1.00x1072
mol dm™3) of tetrapotassium salt of a chelator was added to
the flask. Thus, initial concentrations of the metal ions were
kept in the region of (1.01—1.10)x1072 moldm~2. The
flask was allowed to stand for 20 min in a thermostat prior to
titration. Stability constants for complexes were determined
by the conventional Schwarzenbach procedure.!”*®)

Acidities (pKgs) of chelators defined in Table 1 were de-
termined by analyzing the data obtained from titrations per-
formed in the absence of metal ion using a non-linear least
squares method. The titration for determining the acidity
was carried out in the same procedure as described above.

Preparation of 1,3-Bis(o-nitrophenoxy)propane.
A mixture of 11.5 g of 1,3-dibromopropane (0.06 mol), 18.4
g of sodium o-nitrophenolate (0.11 mol) and 400 cm?® of di-
methylformamide was placed in a 1 dm® three-necked round-
bottomed flask equipped with a reflux condenser and stirred
at room temperature under an argon atmosphere. After the
materials were dissolved completely, the reaction mixture
was heated to 100 °C. The reaction mixture was allowed to
stand for another 24 h. Then, the solvent was removed under
reduced pressure and the resulting residue was poured into
150 cm?® of distilled water. A yellow precipitate appeared
and the supernatant was separated by decantation. The
precipitate was dissolved into dichloromethane and the so-
lution was washed with an aqueous solution saturated with
sodium carbonate. This organic layer was dried over anhy-
drous sodium sulfate and concentrated under reduced pres-
sure to obtain 11.8 g (65% yield) of 1,3-bis(o-nitrophenoxy)-
propane as yellow solid. 'HNMR, (CDCl3) §=2.35 (m, 2H),
4.36 (t, 4H), 7.00 (dt, 2H), 7.14 (dd, 2H), 7.52 (dt, 2H), and
7.81 (dd, 2H).

Preparation of 1,3-Bis(o-aminophenoxy)propane.
A mixture of 6.7 g (21.0 mmol) of 1,3-bis(o-nitrophenoxy)-
propane, 10.1 g of powdery tin, and 100 cm?® of 99% ethanol
was placed in a 500 cm® round-bottomed flask equipped
with a dropping funnel (100 cm® capacity). The mixture
was stirred vigorously on an ice bath, then 40 cm® concd
HCl was added dropwise through the dropping funnel. The
reaction proceeded exothermally. The reaction mixture was
heated at 60 °C for 4 h, until the mixture became a clear ho-
mogeneous solution. The solution was cooled on an ice-water
bath and was added 300 cm® (40 g) of aqueous solution of ca.
10% sodium hydroxide. A large amount of gray precipitate
appeared. The precipitate was collected and washed with
400 cm? of ethyl acetate on a filter. The alkaline solution
obtained as a filtrate was extracted with 400 cm® of ethyl
acetate. The organic layers were combined and dried over
sodium sulfate. Evaporation of the solvent and recrystalliza-
tion of the residue from 99% ethanol gave 5.0 g (92% yield) of
1,3-bis(0-aminophenoxy)propane. *HNMR (CDCl3) 6=2.33
(t, 2H), 3.81 (bs, 4H), 4.21 (t, 4H), and 6.7—6.9 (m, 8H).
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Preparation of 1,3-Bis[2- [bis[(ethoxycarbonyl)-
methyl]amino]phenoxy]propane. A mixture of 2.9
g (11 mmol) of 1,3-Bis(o-aminophenoxy)propane, 11.8 g (55
mmol) of 1,8-bis(dimethylamino)naphthalene and 30 cm?®
acetonitrile as a solvent were placed in a 100 cm® round-
bottomed flask equipped with a Dimroth condenser and
stirred vigorously at room temperature under argon atmo-
sphere until the solution became homogeneous. Onto this
solution, 7 cm® (63 mmol) of ethyl bromoacetate was added
through a 10 cm?® syringe. After 30 min, white precipitates
appeared. The reaction mixture was allowed to stand for 4
d. The reaction mixture was then cooled to room temper-
ature and diluted with toluene. Subsequently, the mixture
was stirred vigorously for a few minutes and the white pre-
cipitates were removed by filtration on a glass filter. The
filtrate was evaporated under reduced pressure to give dark
brown oil as a residue. The residue was dissolved into 50
cm?® of ethyl acetate and washed twice with 50 cm® of water
saturated with sodium chloride. After the organic layer was
dried over sodium sulfate, the solvent was evaporated under
reduced pressure to give light brown oil. This residue was
chromatographed on a column of silica gel (Nacalai Silica
Gel 60) with a mixture of hexane and ethyl acetate as an
eluent in a volume ratio of 7:3. Consequently, 1.92 g (29%
yield) of 1,3-bis[2-[bis[(ethoxycarbonyl)methyl]amino]phen-
oxy|propane (3.2 mmol) was obtained as white crystals after
recrystallization from ethanol: Mp 75.5—76.5 °C. 'HNMR
(CDCl3) 6=1.26 (t, 12H), 2.23 (m, 2H), 4.14 (q, 8H), 4.20 (t,
4H), and 6.8—6.9 (m, 8H). Anal. Calcd for C3;H42N2010:
C, 61.8; H, 7.02; N, 4.65%. Found: C, 61.05; H, 7.10; N,
4.48%.

Hydrolysis of 1, 3- Bis[2- [bis[(ethoxycarbonyl)-
methyl]phenoxy]propane. In a 20 cm® round-bottomed
flask equipped with a dimroth condenser, 1.92 g of 1,3-bis-
[2-[bis[(ethoxycarbonyl)methyl]amino]phenoxy]propane (3.2
mmol) and 2 dm?® of 99% ethanol were mixed and warmed
to 50 °C. Into this mixture, 3.0 cm® of aqueous potassium
hydroxide containing 907 mg of solid potassium hydroxide
(12.7 mmol) was added. The reaction temperature was kept
at 50 °C for 30 min. Subsequently, the solution was concen-
trated under reduced pressure to give a white amorphous
solid. The solid was dissolved into distilled water and ex-
tracted with dichloromethane to remove the unhydrolized
ester. The aqueous solution was poured into 200 cm?® of ac-
etone. White precipitate appeared, which was removed by
decantation. The precipitate was transferred to another 20
cm? round-bottomed flask as washing with acetone. Again,
the acetone layer as the supernatant was removed by de-
cantation and the precipitate was dried for 5 h at 60 °C un-
der reduced pressure to give Kybappta as white solid quan-
titatively. 'HNMR (CDClz) 6=1.57 (t, 2H), 3.16 (s, 8H),
3.50 (t, 4H), and 6.0—6.5 (m, 8H). The free acid Hybappta
was easily obtained by stirring Ksbappta with DOWEX
50wX8 ion exchange resin in an aqueous solution. Anal.
Calcd fOI‘ ngngNzOlo: C, 56.3; H, 5.34; N, 5.71%. Found:
C, 55.91; H, 5.69; N, 5.64%.

Preparation of Hsbapbta. The procedure for the
preparation of Hybapbta is identical to that of Hybappta.
1,4-Bis(o-nitrophenoxy)butane. 'HNMR (CDCl;) §=2.01
(m, 4H), 4.22 (m, 4H), 7.02 (dt, 2H), 7.11 (dd, 2H), 7.53 (dt,
2H), and 7.82 (dd, 2H). 1,4-Bis(o-aminophenoxy)butane.
'HNMR (CDCl3) §=2.05 (m, 4H), 2.82 (bs, 4H), 4.10 (m,
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4H), and 6.7—6.9 (m, 8H). Anal. Calcd for Ci16H2oN202:
C, 70.56; H, 7.40; N, 10.29%. Found: C, 70.52; H, 7.34;
N, 10.17%. 1,4-Bis[2-[bis[(methoxycarbonyl)methyljamino]-
phenoxy]butane. 'HNMR (CDCl3) §=1.92 (m, 4H), 3.71
(s, 12H), 4.02 (m, 4H), 4.12 (s, 8H), and 6.8—6.9 (m,
8H). Anal. Calcd for C2sH3eN2010: C, 60.00; H, 6.47; N,
5.00%. Found: C, 59.67; H, 6.45; N, 4.89%. 1,4-Bis(o-ami-
nophenoxy)butane-N,N,N', N'-tetraacetic acid (Hsbappta)
Anal. Calcd for C2sH3gN2010: C, 57.14; H, 5.59; N, 5.55%.
Found: C, 56.23; H, 5.88; N, 5.36%.
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