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Crown ether styryl dyes
23.* Synthesis and complexation of cis-isomers of photochromic
dithia-15(18)-crown-5(6) ethers
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A novel styryl dye containing benzodithia-18-crown-6 and N-(4-sulfcbutyl)benzo-
thiazoliurn fragments was synthesized. The complex formation of the cis-isomers of several
photochromic styryl dyes containing dithia-15(18)-crown-3(6) fragments with Hg2* and
Mg?* jons was studied. The stability constants of the complexes with Mg?* and the relative
stability constants of the complexes with Hg?* (with respect to benzo-1,10-dithia-18-crown-6
ether) were measured. The fact that the stability constant increases 11-fold on going from the
trans- to the corresponding cis-isomer was attributed to the formation of an anion-"capped”
complex.
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The supramolecuiar organic photochemistry of crown- Scheme 1
containing styryl dyes (CSD) able to undergo photo-
switching is a vigorously developing field of research.?

It has been found3+* and later confirmed by theoreti-
cal calculations® that of compounds obtained in our S / SRS
studies, the CSD similar to trans-1a but containing an p j

o-sulfoalkyl group rather than an alkyl group at the N 'i” 0O o
atom of the benzothiazolium fragment are the most £t Q/O\)
promising. Thus, we managed to synthesize for the first

time photochromic CSD 1b,c (Scheme 1) capable of trans-1a

"taking off’ and "putting on” their anionic "cap” upon
exposure to light with various wavelengths and thus to
control binding of metal cations by virtue of light.

Up to now, primary attention has been paid to CSD @IS J 0{\}) .

based on 15(18)-crown-5(6)-ether derivatives.? Styryl N/* o MG -—-,-N-L—~
dyes trans-2a—f (Scheme 2) containing fragments of I {0 2
benzodithia-15(18)-crown-5(6) ethers”3 have not been (CH,),S0,” Q/O\)

studied so thoroughly, although they possess substantial
advantages, because thiacrown compounds exhibit a

clear-cut tendency to form complexes with heavy and O/v
transition metals.”® However, the potentialities of S8
photoswitchable CSD containing a thiacrown moiety 0\9 /0-::,\}@;21)
have not yet been explored. }Sil"l'}' “O
In this work, we studied the effect of the nature of — (CHp),
the terminal group in the N-substituent, the metal cat- |
jon, and the size of the dithiacrown-ether cavity of CSD N
on the formation of complexes by photochromic
benzodithia- 15(18)-crown-5(6) ethers of the benzo- ==
thiazole series. (cis-1b,c) - MgP*
* For Part 22, see Ref. 1. n = 3(b), 4 (c)
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Scheme 2 the dyes on the concentration of metal cation (Cy) can
be described adequately taking into account only one
equilibrium (Scheme 3).
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The syntheses of CSD trans-2a—f and betaine 3 have
been described in our previous publications;”-1® CSD 2g
was prepared in 74% yield by the condensation of be-
taine 3 with 3 -formyl-2,3-benzodithia-18-crown-6
ether!! (4) in the presence of pyridine.

The structure of CSD 2g was proved by 'H NMR
spectroscopy (see Experimental). The results of elemen-
tal analysis corresponded to the suggested structure.
Judging by the spin-spin coupling constant for the ole-
finic protons, Jpgns = 15.6 Hz (sce Ref. 12), the re-
sulting CSD 2g had the frens-configuration.

The electronic absorption spectra of dyes frans-2a—f
in MeCN are virtually identical to the corresponding
spectra of trans-la—c (sec¢ Ref. 3}, because all these
dyes incorporate identical chromogens.” The spectral
effects caused by complexation of trans-2a—f with metal
cations in anhydrous MeCN have been described in
detail in the previous communication.” It was shown
that in the case of complexation of trans-2a—f with Ag*
and Hg?*, the dependence of the absorption spectra of

N

| ClO4 N

1 oo C /N D{
S O m

(trans-2a—g)-Mn* t\~

Mt = Ag*, Hg2+

The electronic absorption spectrum of rrans-2g in
MeCN (Apx = 432 nm) is similar to the spectra of dyes
trans-2a—1. Dye trans-2g is much less soluble in MeCN
than dyes trans-2a—f (the concentration of the saturated
solution is ~2.5 + 1078 mol L™1). The solubility markedly
increases after the addition of silver or mercuric per-
chlorate and almost does not change when sodium or
tetrabutylammonium perchlorate is added. The increase
in the solubility of frans-2g can be explained by the
formation of complexes with the dithia-18-crown-6 ether
(see Scheme 3). In fact, in the presence of silver (Cy =
1-10™% mol L) or mercuric (Cyy = 5- 1073 mol L))
perchlorate in MeCN, the long-wavelength absorption
band (LAB) of trans-2g (for the concentration of the
ligand C; = 4- 1075 mol L™}) undergoes a hypsochro-
mic shift equal to 8 or 1§ nm, respectively.

The long-wavelength electron transition in a CSD
molecule is accompanied by the displacement of the
electron density from the benzene ring to the heterocy-
clic fragment.5 When the dithiacrown-ether fragment of
trans-2g binds a Ag* or Hg?" ion, this electron density
displacement becomes energetically unfavorable, because
it is directed away from the metal cation. Apparently,
this accounts for the experimentally observed hypsoch-
romic shifts of the LAB.

Previously, we have shown that when complexes are
formed, the interaction of the metal cation with the O
atom incorporated in the conjugation chain of the chro-
mophore exerts the greatest effect on the chromophore
system of CSD. The S atoms in the dithiacrown-ether
fragment of frans-2a—f form very strong bonds with a
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Hg?* ion (see Ref. 7) and cause its coordination satura-
tion; this hampers the efficient interaction of Hg* with
the O atoms linked to the benzene ring. This, appar-
ently, accounts for the fact that the hypsochromic shift
of the LAB of trans-2g resulting from the complexation
with Hg?* is relatively small, compared, for example,
with that for the complexation of trans-la—c with Mg?*
{sce Ref. 2). The addition of Br~ or CI” ions or amines
(NH; or pyridine) having high affinities for the Hg?*
ions results apparently in the cleavage of at least one
Hg?*- - -OAr coordination bond (Scheme 4). This fol-
lows from the fact that the influence of Hg?* on the
chromophore system is no longer observed, i.e., the
hypsochromic shift of the LLAB disappears, although the
complex is still more soluble than trans-2g itself.

Scheme 4
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We suggested that 'H NMR spectroscopy in
MeCN-d; would provide additional information on the

changes in the molecular structure of trans-2g caused by
the complexation. Previously, we have shown’ that the

addition of silver or mercuric perchlorate (or nitrate) to
solutions of trans-2a,e resuits in a downfield displace-
ment of all the signals in the 'H NMR spectrum.

Since trans-2g is poorly soluble in MeCN-ds, it was
impossible to compare the chemical shifts of the protons
of this dye before and after its complexation with silver
or mercury ions. Analysis of the results shows that in
DMSO-dg the chemical shifts of the same type of
protons in betaines trans-2g and frans-1c (see Ref. 4),
which contain chromogens with similar structures, are
virtuaily identical. In the case of cationic dyes trans-2d
(see Ref. 7) and frans-1a (see Ref. 13), the chemical
shifts of the aromatic and olefinic protons in MeCN-d;
are also identical. Previously,’ it was found that the
variation of the chemical shifts of the 3,8 -protons in
the CH,S groups provides an adequate estimate of the
efficiency of binding of metal ions by the dithiacrown-
ether moiety of trans-2a—f and that the chemical shifts
of these protons themselves barely depend on the nature
of the N-substituent. Thus, the chemical shifts of the
chromogen protons in trans-1c and those of the
8,8’ -protons of the CH,S groups in frans-2d can be used
for comparative analysis of the changes occurring in the
'H NMR spectra of trans-2g in MeCN-d; after com-
plexation (Table I).

In the spectra of the complexes of rrans-2g with Ag*
and Hg®*, the most pronounced changes in the chemi-
cal shifts are observed for the B,B’-protons of the CH,S
groups. The A8 values for the protons of the benzene
ring, the olefinic fragment, and the benzothiazolium
residue vary in the narrow range from —0.1 to 0.06 ppm,
which is due to the fact that the electron-withdrawing
effect of Ag™ and Hg2* on the protons is substantially
attenuated along the conjugation chain of the chro-
mophore. These changes in the chemical shifts imply
that the Ag* and Hg?" ions are bound to the dithiacrown-
ether moiety of trans-2g.

The solubility of rrans-2g in MeCN also markedly
increases after the addition of magnesium perchlorate.
Unlike the formation of (trans-2g) - Hg?*, which is ac-
companied by a hypsochromic shift of the LAB, the
formation of the complex of frans-2g with Mg?* does
not lead to any displacement of the LAB with respect to

Table 1. The changes in the chemical shifts of aromatic and olefinic protons in the 'H NMR spectra of frans-2g upon

the complexation with metal perchlorates in MeCN-d;

Com- M+ 2g : M Ad
pound ratio B,8° ¢ CH=CH? H(C-2")® H(C-5') H(C-6")®> H(C-4), H(C-3),
H(C-7)¢! H(C-6)*

trans-2g Agt 11 0.25 0 0.05 —~0.03 —0.05 0.05 0.03
Hg?* 1:1 0.71 —0.08 0.01 —0.09 —0.1 0.05 0.06
Mg?* 1.:1.8 -0.04 —0.41 —0.65 -0.09 0.01 0.01 -0.01

cis-2g Hg?* 1:1 - -~ - - - 0.20 0.21

@ A8 = 8compl — Szans-24, Where 8 is the average of the chemical shifts of the §,8"-protons of the methylene groups.

5 A8 = 8compl — Brrams-1c» Where 8, in the case of two protons, is the average of their chemical shifts. © The chemical

shift of one of the protons is 7.63 ppm 3/ = 12.2 Hz).
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its position in the spectrum of the free ligand, ie., the
complexation has no effect on the chromophore system
of the dye. Therefore, it appears most likely that the
Mg2* ion is coordinated to the sulfo-group at the
N-substituent in trans-2g (Scheme 3), as has been ob-
served in our previous study3 for anion-"capped” com-
plexes of cis-CSD with excessive Mg?* ions.

Scheme 5
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The chemical shifts of signals in the 'H NMR spec-
trum of the frans-2g complex with Mg?* apparently,
except for those for one of the protons at the C=C bond
and for the H(C-2") proton, do not change significantly
(see Table 1). It has been found previously? that the
sulfo group in trans-1c can form an intramolecular ion
pair in which the N atom of the benzothiazolium resi-
due is positively charged. If this ion pair does exist, the
H(C-2") and H(C-a) protons are likely to fall in the
deshielding area of the sulfo group, which results in an
increase in their chemical shifts. Conversely, when the
jon pair completely dissociates, which can occur, for
example, under the action of Mg?*, the distance be-
tween the sulfo group and the above-mentioned protons
increases. This should diminish or completely eliminate
the deshielding effect, as has actually been observed in
our experiments.

From the solubility of frans-2g in acetonitrile solu-
tions of Mg(ClO,), of various concentrations (Cyg =
10™*—1073 mol L™!), we calculated the stability constant

= [(LMg)2*]/([L}{Mg?*]) of the (trans-2g) - Mg?*
complex (logK; = 4.8+0.3). The concentration of the
complex was determined by spectrophotometry, while
the concentration of free frans-2g in the presence of a

precipitate of the dye was taken to be equal to the

concentration of a saturated solution of frans-2g in pure
MeCN. The concentration of free Mg2* ions was calcu-
lated from the material balance equation [Mg?*] =

Cymg — [(LMg)?*]. The relatively low accuracy of deter-
mination of logK, is mostly due to the insufficient
accuracy of the determination of the concentration of
the saturated solution of frans-2g in MeCN.

trans—cis-Isomerization of 2a—g
and formation of complexes by cis-isomers

It can be assumed that upon photoirradiation, CSD
containing terminal carboxyl groups "put on" their
"carboxyl cap” in the cis-formm and "take it off” in the
trans-form. This would enable one to control by virtue
of light the formation of an additional intramolecular
coordination bond (IntraCB) with Hg2*.

When solutions of trans-2a—f and their complexes
with Ag* or Hg?* are exposed to visible light, changes
typical of trans—cis-isomerization can be observed in
their spectra. The cis-isomers formed in this reaction are
unstable and in the dark, they are converted into the
corresponding trans-isomers (Scheme 6).

Scheme 6
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The absorption spectra of cis-2f containing the
N-4-carboxybutyl substituent and of its complex with
Hg?* were calculated by the Fischer method!4 using the
spectra of frans-isomers and those of the photosteady
states obtained upon exposure of the initial isomer to
light with A = 365 nm and % = 436 om. In the case of
trans-2f (see Ref. 7) and its complex with Hg?* (Fig. 1),
trans—cis-photoisomerization is accompanied by small
hypsochromic shifts of the LAB equal to 9 and 12 nm,
respectively. :

At the same time, the hypsochromic shift of the LAB
of anion-"capped” complexes (cis-1b,c) - Mg?* (see
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Fig. 1. Electronic absorption spectra of dye complexes in
MeCN (C_ = 5-1073 mol L™1).

a, (trans-20) - Hg2* (1), (cis-26) - Hg?* (2).

b, (trans-2g) - He* (3), (cis-2g) - Hg?* (4).

Scheme 1) with respect to its position for
(trans-1b,c) * MgZ* can be as large as 72 nm; this is due
to the violation of the conjugation in the chromophore
caused by the transition of the molecule into a twisted
conformation.? The results obtained make it possible to
conclude that the conjugation in the chromophore of
(cis-2f) - Hg?* is not disturbed, and the structure of the
chromophore is nearly planar. Apparently, the carboxyl
group in (cis-2f) - Hg?* in MeCN cannot participate in
the formation of the anion-"capped” complex, because it
does not dissociate in this solvent, and, hence, does not
give rise to the carboxylate anton, which is known!5 to
be able, being a part of a complexonate, to form a strong
coordination bond with Hg?*.

It may be expected that dye trans-2g, which contains
a terminal anionic sulfo group, would be capable, like
trans-1b,c (see Ref. 3), of forming an anion-"capped”
complex upon photoisomerization.

On exposure to light with A = 436 nm, the com-
plexes of trans-2g with Ag* and Hg?* undergo reversible

trans—cis-photoisomerization, and their LABs shift to
shorter wavelengths by 11 and 63 nm, respectively. In
the case of 2g- Hg?*, a trans—cis-photosteady state is
established; the equilibriumm is appreciably shifted to-
ward the cis-isomer (>99%). The photosteady state of
2f- Hg?* contains only 70% cis-isomer under the same
conditions. The shift of the LAB following the photo-
isomerization of complex 2g- Ag* differs only slightly
from the corresponding value for the free ligand. Evi-
dently, the structural changes that occur in the chro-
mogens of trans-2g and its complex with Ag* during
photoisomerization are similar, and they are not accom-
panied by the formation of an anion-"capped” complex
in the case of (cis-2g) - Ag*. On the contrary, the large
shift of the LAB in the case of (cis-2g) - HgZ* implies
that the conjugation in the chromophore chain is vio-
lated; this can occur only upon substantial disturbance
of the molecular structure, which accompanies the for-
mation of anion-"capped” complexes’ (Scheme 7). Pre-
viously,’® in relation to anion-"capped” complexes
(cis-1b) - M2* (M = Mg, Ca, Ba), we have found that
the magnitude of the spectral shift lies in a narrow
range, 69—~72 nm, irrespective of the size of the metal
cation. This suggests that the smaller magnitude of the
shift of the LAB in the case of (cis-2g) - Hg?" points to
weakening or cleavage of the Hg?"--- OAr coordination
bond, which has been observed upon the addition of Br™
or CI™ ions to (trans-2g) - Hg?*.

Scheme 7
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It should be noted that the formation of IntraCB in
the anion-"capped” (cis-2g) - Hg?* complex results in
sharp deceleration of the dark cis—trans-isomerization,
and the lifetime of (cis-2g) - Hg?* reaches 2+ 107 s.

Despite the fact that some of the signals in the
'H NMR spectrum of (cis-2g) - Hg?* are broadened



2104

Russ.Chem. Bull., Voi. 46, No. 12, December, 1997

Alfimov et al.

and, hence, interpretation of the spectrum is compli-
cated, analysis of this spectrum has shown that the
compound in question actually does possess the
cis-configuration and that the spin-spin coupling con-
stant 3J for the olefinic protons is 12.2 Hz (see
Refs. 10 and 12). At present, this is the only example of
a complex of ¢i5-CSD with a metal ion observed suc-
cessfully by 'H NMR spectroscopy.

It might be expected that spectrophotometric titra-
tion of solutions of 2g with mercuric perchlorate in
MeCN would make it possible to determine the stability
constants of the complexes and would confirm the as-
sumption that the anion-"capped” (cis-2g) - Hg?* com-
plex is more stable. However, in this case, direct spec-
trophotometric determination of the stability constants
proved to be impossible, because their values are too
large. In fact, logK; for the complex of 1,10-dithia-
18-crown-6 ether with Hg?* in 0.5 M HNO; is 19.5 (see
Ref. 17).

Therefore, we determined the relative stability con-
stants of (trans-2g) * Hg?* and (cis-2g) - Hg?* using ti-
tration by a solution of a competing ligand (L.). As the
competing ligand, we used 2,3-benzo-1,10-dithia-
18-crown-6 ether (BDTI18C6). The reaction scheme for
this system includes two equilibria:

L+ Hg? =fie (LHg)2*,

Lo+ HE?  =hem (L HQ)Z, 0
where L is a molecule of 2g, L. is BDT18C6; K; =
[LHg|/([Hgl[L]) and X, = [L.Hg]/({Hgl{L.]) are the
stability constants of the 2g - Hg?* and (BDT18C6) - Hg?*
complexes, respectively.

This scheme is described by the equation

C. = [+ Kl ~ a)/(ak)] - {Cyp — aC — o/[K)(1 — )]},

where C,, Cy,, and Cy are the total concentrations of
BDTI18C6, Hg(Cl0y),, and 2g, respectively, and a is the
degree of complexation of 2g with Hg?*, which was
calenlated from the formula a = (D ~ D)/(Dy — Do),
where D,, D, and D, are the optical density of the initial
solution in which 2g is completely bound into the
complex, the current optical density, and that corre-
sponding to the complete complexation with BDT18C6,
respectively.

Taking into account the fact that at Cy, =
5-1073 mol L7}, Cy, >> a/[Ki(1 — a)], we obtain the
following expression for the ratio of the stability con-
stants K;/K:

Ki/K. = a(C. = Cg + aCD/[(1 — a)}(Chg — aC)-

The experimental dependences of the 1 — a values
on the concentration C, of the competing ligand for
complexes (frans-2g) - Hg?* and (cis-2g) - Hg?" are pre-
sented by dots in Fig. 2, and the solid lines in the same

0.2

p (ST IS RS U AR SN S|

0 5 10 15 C. - 10%/mol L1

Fig. 2. Dependences of 1 — a (a is the degree of complex-
ation of 2g) on the concentration of the competing ligand
BDTI18C6 (C.) at constant concentrations of (zrans-2g) - Hg2*
(1) and (cis-2g) - Hg?* (2. CL = Chg =5 1073 mol L™!. The
solid lines show the best approximation of the experimental
dependences by equilibria (1).

figure show the best approximations of the experimental
points by theoretical curves.

The K,/K. ratios obtained in this way for
(trans-2g) - Hg?™ and (cis-2g) - Hg?* are 1.88 and 20.1,
respectively. It should be noted that the stability con-
stant X, of the former complex is 47 times greater than
the stability constant K of (trans-2d) - Hg?* (see Ref. 7);
this difference is markedly less pronounced than the
difference between the K| constants for (frans-1c) - Mg?*
and (trans-1a) - Mg2* (they differ 126-fold8). This dis-
similarity of the two types of CSD is due to the fact that
the formation of two coordination bonds between the S
atoms and Hg?* exerts a crucial effect on the stability of
(trans-2g) - Hg**, whereas the electron-withdrawing ef-
fect of the positively charged benzothiazole residue is
markedly less significant. The fact that X, for betaine
trans-1g is greater than that for trans-2d, as in the case
of (trans-1b,c) - Mg?*, is apparently due to the ability of
the sulfo group in the N-substituent to produce an
intramolecular solvent-separated ion pair with the Hg?*
ion located in the crown-ether cavity!® or an intramo-
lecular contact ion pair with the positively charged N
atom of the benzothiazolium residue.?

It is of interest to compare the stability constants X
of complexes of cis-2g and trans-2g with Hg**. Previ-
ously, it has been found? that the sulfobutyl substituent
in anion-"capped” complexes is long enough to allow
the formation of a strong coordination bond between the
suifo group and a metal cation located in the crown-
ether cavity. In fact, the stability constant of the anion-
"capped” (cis-1c) * Mg?* is larger than that of the corre-
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sponding complex of the frans-isomer by a factor of
~4000.'8 However, in the case of anion-"capped”
(cis-2g) - Hg?* and (trans-2g) - Hg?*, the corresponding
ratio of the stability constants is only ~11, The fact that
the difference between the stabilities of the complexes
formed by cis- and rrans-2g is not very large implies that
the SO;7- - -Hg?* bond is relatively weak, which can
be easily explained in terms of the theory of "hard” and
"soft” acids and bases.!? Apparently, this accounts for
the fact that in the concentration range covered, we
have not found unambiguous evidence for the existence
of dimeric complexes of 2g with HgZ* of the composi-
tion 2 : 2, which normally exist in the case of com-
plexes of CSD 1b,e with alkaline earth metal cations.?

It should be expected that, since the strength of the
SO;---Hg?* bond in the anion-"capped”
(cis-2g) - Hg?* is rather low, this bond would be cleaved
relatively easily under the action of excess Hg?* or other
cations. A similar process has been observed previously
for anion-"capped” (cis-1b,c) - Mg*" complexes in the
presence of Mg2* ions (see Ref. 3). In fact, when the
concentration of Mg?* in a solution of (cis-2g) - Hg?™
(Cryg = 51075 mol L™!) increases, absorption in the
long-wavelength region of the spectrum starts to in-
crease noticeably, and at Cy = 107! mol L7}, the
spectral pattern completely changes. These spectral
changes were attributed to the destruction of IntraCB as
a result of interaction of the sulfo group with excessive
Mg?* ions. When the IntraCB is cleaved, the nearly
planar conformation of the chromophore is restored,
and, therefore, the conjugation in the chromophore is
also restored (Scheme 8). The {(cis-2g)HgMg[** com-
plex formed in this reaction is slowly converted in the
dark into the corresponding trans-isomer. However, the
lifetime of [(cis-2g)HgMg]** is sufficiently high for its
stability constant K, = {LHgMgl/([Mg][LHg]) to be
determined by direct spectrophotometric titration.

The degree of complexation of (cis-2g) - HgZ* with
Mg?*t ions was calculated from the formula o =
(Dy — DY/(Dy —= Deomp), where Dy, D, and Doy are
the optical density of the initial solution, the current
optical density, and the value corresponding to the
complete binding of the dye into the complex, respec-
tively. This gave logK, = 2.4%0.1.

Apparently, when the concentration of Hg®* in a
solution of the anion-"capped” (cis-2g) * Hg** increases,
the "open” [(cis-2g)Hg,}** complex is also formed ac-
cording to Scheme 4.

Thus, we synthesized for the first time a styryl dye
incorporating benzodithia-18-crown-6 and N-(4-sulfo-
butyl)benzothiazolium fragments. The formation of com-
plexes by the cis-isomers of the photochromic CSD
containing dithia-15(18)-crown-3(6}-ether fragments was
studied. Ion-selective formation of the anion-"capped”
complex of ¢is-CSD with Hg?* was discovered. A num-
ber of logK values and relative stability constants of
complexes of CSD with Hg?* and Mg?* were measured.

Scheme 8
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Experimental

'H NMR spectra were tecorded on a Bruker AMX-400
spectrometer (400 MHz, MeCN-dy; and DMSO-dg, tetra-
methylsilane as the internal standard). The chemical shifts
were measured with an accuracy of 0.01 ppm and spin-spin
coupling constants were determined with an accuracy of 0.1 Hz.
The changes in the chemical shifts 'H (A5) were measured in
MeCN-d; after addition of trans-2g to solutions of metal salts
upto Cp = 1-1073 mol L™!. The quantities of metal salts that
ensured the largest A8 values were used.

Electronic absorption spectra were recorded on a Shimadzu
UV-3100 spectrophotometer at 20+2 °C in 1-cm-thick quartz
cells.

Solutions of CSD and their complexes were exposed to the
light of a DRSh-100 mercury lamp. The individual lines of the
spectrum of this lamp (313, 365, or 436 nm) were isolated
using glass light filters.

Complex formation of 2g with Hg(ClO,), was studied by
spectrophotometric titration. In direct experiments, a solution
with a known concentration of 2g and a solution of Hg(ClOy),
were added to a2 sofution of Ig with the same concentration.
The stoichiometry of the complex was found from the titration
curve. The magnitudes of the stability constants of the com-
plexes were beyond the power of the spectrophotometric method
and were not determined. In the experiments using a compet-
ing ligand, a solution containing equal amounts of 2g and
Hg(ClO4)» (CL = Cy = 5-1073 mol L1y and BDTISCS
(C, = 10™2 mot L) were added to a solution containing the
same concentrations of 2g and Hg(Cl0,),. Measurements were
carried out at a wavelength of 460 nm. The ionic strength of
solutions during titration was 2+ 10™% mol L™},

Complex formation of (cis-2g) - Hg?* with Mg(Cl0,); was
studied by direct spectrophotometric titration. A solution of
Mg(ClO4), with Cpy = 107} mol L™! was added to a solution of
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(cis-2g) - Hg?* (Cryg = 5- 1075 mol L™Y). The measurements
were carried out at 415 nm. The jonic strength of solutions
during titration varied from 2+ 1074 to 3-10~% mol L1

The stability constants of the complexes were calculated by
the nonlinear least-squares method using the Nelder—Mead
simplex algorithm included in the MATLAB package of ap-
plied programs.

The preparation of solutions and all the experiments were
carried out in red light.

Acetonitrile for spectral studies was first distilled over
KMnOy,, then distilled twice over P,Os and, finally, distilled
over CaH,. Mg(ClO,), was dried in vacuo at 240 °C.
AgClO, - H,0 (Aldrich) and Hg(ClIOy,); - 3H,0 (Aldrich) were
dried in vacuo'at 40 °C.

trans-2-[2-(5,6,8,9,11,12,14,15,17,18-Decahydro-7,16-
dithia-1,4,10,13-tetraoxa-2,3-benzocyclooctadecyn-3"-yl)vi-
uyl]-3-(4-sulfobutyl)benzothiazolium betaine (2g). Dry pyri-
dine (0.3 ml) was added to a sofution of betaine 3 (32 mg,
0.11 mmol) (see Ref. 10) and 3’-formylbenzodithia-
18-crown-6 ether!! (4) (46 mg, 0.12 mmol) in anhydrous
EtOH (2 mL). The mixture was refluxed for 17 h and concen-
trated in vacuo. The residue was washed with benzene, heated
with 35 mL of MeOH, and cooled to 0 °C. After 1 h, the
precipitate was filtered off. Yield 53 mg (75%), m.p. 270—
272 °C (decomp.). 'H NMR (DMSO-dg), &: 2.02 (m, 2 H,
CH;); 2.24 (m, 2 H, CHy); 2.77 (m, 2 H, CH,8057); 2.96
(m, 2 H, CH,S); 3.04—3.24 (m, 6 H, 3 CH;,5); 3.67 (brs,
4 H, 2 &-CH,0); 3.76 and 3.8 (both m, 4 H, 8,6"-CH,0);
4.39 and 4.53 (both m, 4 H, a,a’-CH,0); 5.07 (m, 2 H,
CH,N); 7.23 (d, 1 H, H(C-5"), J = 8.3 Hz); 7.6% (d, 1 H,
H(C-6"), J = 8.3 Hz); 7.86 and 7.95 (both m, 2 H, H(C-3),
H(C-6)); 8.00 (5, 1 H. H{C-2")); 8.20 and 8.26 (both d, 2 H,
CH=CH, J,,, = 15.6 Hz); 8.40 and 845 (both d, 2 H,
H(C-7), H(C-4), J = 85 Hz, J= 8.1 Hz). Found (%)
C, 54.29; H, 5.69; N, 2.01. CyH3;NO;S,. Calculated (%):
C, 54.45; H, 5.83; N, 2.19. -
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