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New crown ether-containing styryl dyes of the benzothiazole series containing an aza- 
15-crown-5-ether moiety were synthesized. Tile trans--c/s-photoisomerization of these 
dyes and their analogs was studied; the effect of metal cations on the kinetics of dark cis-- 
trans-isomerization was elucidated. The stability constants of the complexes of the c/s- 
isomers of these dyes with Ca(C104) 2 were estimated. The dramatic increase (by more than 
three orders of magnitude) in the stability of the complexes on passing from a cationic dye 
to a betaine was attributed to the formation of an intramolecular bond in the c/~-complexes 
between the sulfo group of the N-substituent and the metal cation located in the cavity of 
the azacrown-ether moiety. 
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Up to now, most attention has been devoted to 
crown-containing photoswitchable systems based on 
azobenzene derivatives z in which the N = N  double bond, 
able to unde~o  reversible photoinduced trans--cis- and 
thermal cis--trans-isomerization, served as the func- 
tional group (the antenna). However, the advantages 
and potentialities of  crown compounds with one C=C 
double bond (photo- and thermally switchable func- 
tional group) have not yet been used in full measure. 

It was found 3,4 and, later, confirmed by theoretical 
calculations s that, among the compounds that we ob- 
tained, crown-containing styryl dyes (CSD) with a ter- 
minal sulfo group are the most promising. This made it 
possible to synthesize for the first time the simplest 
derivatives of photo- and thermochromic CSD, capable 
o f ' pu t t ing  on" and taking otT' their anionic "cap" during 
irradiation, and thus to achieve photochemical control 
over binding of metal cations. 6 
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The anion-"capped" complexes (c/s-la,b) �9 Mg 2+ were 
prepared by irradiating solutions of the complexes of 
trans-la,b with Mg 2+ with light of a mercury lamp with 
k = 436 run 3,4 (Scheme 1). 

Synthesis of  C S D  able to undergo molecu la r  
photoswitching in a longer-wavelength region of the 

Translated from [~,estiya Akademii Nauk. Seriya Khimicheskaya, No. 6, pp. 1192--1197, June, 1997. 

1066-5285/97/4606-1143 $18.00 �9 1997 Plenum Publishing Corporation 



1144 Russ.C hem.Bull., VoL 46, No. 6, June, 1997 Gromov et al. 

spectrum is of principal importance. The introduction of 
an electron-donating N atom having a lone electron pair 
(LEP) into the para-position with respect to the C=C 
bond of the chromophore of a CSD makes it possible to 
obtain a photochromic transition in the region of 500-- 
600 rim. In this work, using photochromic dyes of the 
benzothiazole series (2a--c) as examples, we studied the 
effect of the N atom in the crown-ether moiety and the 
effect of the nature of the metal cation on photoinduced 
and dark isomerization and on the formation of anion- 
"capped" complexes. 

The perchlorate of dye 2a was synthesized in 66% 
yield by condensation of quaternary salt 3a with 
N-(4-tbrmylphenyl)aza-15-crown-5 ether (4) in EtOH 
in the presence of pyridine. 3-Ethyl-2-methylbenzo- 
thiazolium perchlorate (3a) was obtained by adding 
an excess of perchloric acid to an ethanolic solution 
of 3-ethyl-2-methylbenzothiazolium iodide (5). 
N-(4-Formylphenyl)aza-15-crown-5 ether (4) was pre- 
pared by a known procedure 7 (Scheme 2). 
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CSD 2b was prepared in 82% yield similarly to 2a by 
the condensation of betaine 3b with N-(4-formyl- 
phenyl)aza-15-crown-5 ether (4) in the presence of 
pyridine. The starting betaine 3b was synthesized by 
heating 2-methylbenzothiazole (6) with y-sultone (7) 
without a solvent at 120 ~C; the yield of the product was 
markedly higher than the yield that we reported previ- 
ously, s Dye 2c, which, unlike 2b, contains no crown- 
ether fragment, was obtained in a yield of 48% by 
refluxing betaine 3b and para-dimethylaminobenz- 
aldehyde in Ac20 (Scheme 3). 

The structures of compounds 2a--c were confirmed 
by IH NMR spectroscopy (see Experimental). The data 
of elemental analysis correspond to the proposed struc- 
tures. According to the spin-spin coupling constant for 
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olefinic protons, 3Jim,s = 15.2--15.5 Hz (see Ref. i0), 
the resulting dyes 2a--c have the trans-configuration. 

We studied the formation of complexes of trans-2a--c 
with Ca 2+ ions in anhydrous MeCN using the methods of 
electronic spectroscopy. The results were presented in the 
previous communication, l~ It was found that in the case 
of comptexation of trans-2a with Ca 2+, the dependences 
of the absorption and fluorescence spectra of the dye on 
the concentration of the metal cation added (CM) can be 
adequately described in terms of only one equilibrium 
(Scheme 4). 
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The spectral variations for trans-2b are more com- 
plex. It was found l~ that the addition of a small quantity 
of Ca 2+ ions results in aggregation of the dye molecules 
(this is manifested as splitting of the long-wavelength 
absorption band and quenching of  fluorescence, which 
are typical of aggregates of many d2ces). The occurrence 
of cation-induced aggregation was explained l~ by the 
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formation o f  ( trans-2b) n - Ca  2+ complexes  (n = 2 to 4) 
in which the  meta l  ca t ion  does not  interact with the 
c rown-e ther  mo ie ty  but  is bound only to the sulfo group 
of  the dye molecu le .  As C M increases, the degree of  
aggregation o f  trans-2b first increases and then the  equi-  
l ibrium shifts toward  A - - L C a ,  C a A - - L ,  and C a A - - L C a  
complexes,  where  A - - L  is a trans-2b molecule  (A is the 
sulfo group and L is the  azac rown-e the r  moiety).  

It was shown 1~ that  the aggregation of  trans-2b (as 
well as trans-2e) molecu les  can be induced not only by 
Ca 2+ ions but  by small  amoun t s  of  o ther  doubly-charged 
cations added,  for example ,  Mg 2+, Ba 2+, or  Zn  2+. H o w -  
ever, the s ing ly-charged  N a  + ion does not  cause ag~-e- 
gation o f  these  dyes. 

Trans--cis-isomerization of 2a--c  and 
complexation of cis-isomers 

When solut ions o f  trans-2a--c are exposed to visible 
light, spectral changes  typical  of  trans--cis-isomeriza, 
tion occur. The  c /s- isomers  formed in this react ion are . 
unstable and are conve r t ed  in the dark into the corre-  
sponding trans-isomers. The rate constants of  the dark 
cis--trans-isomerization (Table 1) are more than three 
orders o f  magni tude  h igher  than those for C S D  l a ,b  
studied previously (kc_ t --- 2" 10 -5 s - I  for la ,  see Ref. 6). 
This is due to the fact that  the degree o f  conjugation in 
the ch romophor i c  f ragments  o f  cis-2a--e is h igher  than 
that for cis-la,b, because  the  former  compounds  conta in  
a nitrogen a t o m  with a L E P  in the para-position with 
respect to the  C = C  bend.  This results, apparently,  in a 
substantial decrease in the  barrier to cis--trans-isomer- 
ization. 

When Ca(CIO4) 2 with C M = 0.05 mol  L - l  is added 
to a solution o f  2a, the  rate constant  o f  dark cis--trans- 
isomerizat ion decreases  to  6 .4-  10 -4 s - I  (by a factor of  
more than 50). This suggests that  a fairly strong coordi -  
nation bond is fo rmed  be tween  the metal  cat ion and the 
N atom of the azac rown-e the r  fragment in (c/s-2a) �9 Ca  2+, 
and this decreases the  ex ten t  to which the LEP of  the N 
atom is involved in t he  conjugat ion with the chro-  
mophore .  

Figure 1 presents the  dependence  o f  the rate con-  
stant of  the  dark cis--trans-isomerization (kc_t) on C M 
for 2a and Ca  2+. Fo r  all samples, the isomerizat ion 
kinetics, as fo l lowed by the  variat ion of  the optical  
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Fig. 1. Experimental and theoretical (Eq. (2)) dependences of 
the rote constant of dark cis--trans-isomerization of CSD 2a in 
MeCN (C L = 1.0-10 -5 m o I L  - l )  on the concentration of 
Ca 2+ ions at a constant concentration of CLO4- (C A = 
0.01 tool L-I).  

density of  the solution at 522 rim, corresponded exactly 
to a f i rs t-order equation.  The  resulting dependence  was 
analyzed within  the f ramework of  the fol lowing scheme 
of dark t ransformations of  c/s-2a: 

Scheme 5 
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Since the format ion and dissociation o f  complexes 
are fast react ions compared  to dark isomerizat ion,  the 
observed rate constant  o f  the  dark cis--trans-isomeriza- 
t ion (kc_pbs), can be presented by the fol lowing expres- 
sion provided that  C M >> C L (this condi t ion  was satisfied 
over  the whole  exper imenta l  range of  CM). 

Table 1. Stability constants of the complexes of trans- and c/s-CSD 2a,b with Ca 2+ ions and rate 
constants of  the dark c/s--trans-isomerization of 2a--c in MeCN at T = 20+2 ~ 

Dye logK (complex with Ca 2+) kc_ r" 102 ke~ bs" 102/s -I 

tram-isomer c/s-isomer /s -t  Na"- Ba 2+ Ca 2+ Mg 2+ Zn 2+ 

2a 2.4+_0.1 (Ref. 1) 2.85+0.1 3.6 
2b --  >6.3 2.5 2.6 0.21 0.03 0.45 3.6 
2e --  -- 10 14 35 56 59 50 

Note: kc. t are the rate constants for free dye ;  kc~ are the observed rate constants at C L = 1 �9 I0 -5 mol L - t  
in the presence o fNa ,  Zn, and alkaline earth metal perchlorates C.~ i = 1 �9 10 -3 tool L - t .  
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kg_t ~ = k,.Al + KCM)-*(t + k'Jcc.t-~KCM). (l) 

The data obtained at C M = 0.05 mol L - t  (see above) 
indicate that k'c.tkc.t -t < 50. Therefore, in the range of 
C M in which K ' C  M < 5, the following approximate 
equation can be used instead of Eq. (1): 

kg~ .~ k~_Al + KC~t) -~. (2) 

It can be seen from Fig. I that the experimental 
dependence of k ~ on C M is closely approximated �9 C - r  

(nonlinear least-squares method) by the theoretical curve 
corresponding to Eq. (2). The stability constant of the 
complex of cis-2a with Ca 2+ found using this approxi- 
mation is presented in Table 1. 

It follows from Table 1 that when trans-2a is con- 
verted into the cis-form, the stability of the complex 
increases approximately 2.5-fold. This is apparently due 
to the fact that the electron-withdrawing effect of the 
positively charged benzothiazole residue on the binding 
of metal cations becomes weaker. In fact, it is known 
that in c/s-alkenes, the effects of substituents are less 
efficiently transferred through the C=C bond than in the 
corresponding trans-isomers. 

Betaine trans-2b, like cationic dye trans-2a, isomer- 
izes on exposure to visible light. The resulting cis-2b is 
also unstable and is converted in the dark into the trans- 
isomer; the rate constant for this transformation differs 
0nly slightly from k~-t for cis-2a (see Table I). 

The addition of Ca 2+ ions to a dilute solution of 2b 
(C L = I �9 10 -5 tool L - t )  also results in a decrease in the 
rate of the dark isomerization. This effect, unlike that in 
the case of 2a, is manifested even at CM/C L < 1; how- 
ever, the time dependence of the optical density of the 
solution cannot be described adequately by a simple 
exponent; one reason for this is the fact that the absorp- 
tion spectrum of the resulting trans-isomer depends on 
the concentration. 1~ The retardation of the dark isomer- 
ization indicates that cis-2b is less prone to aggregation 
than the corresponding tram-isomer, and that it forms, 
at least in dilute solutions, complexes in which the Ca 2+ 
ion is located in the crown-ether cavity. Otherwise, it 
could hardly be expected that the metal cation would 
exert a substantial effect on the electronic structure of 
the ehromophore. 

When the CM/C L ratio is increased to 1.5 and the 
proportion of c/s-2b is not larger than 20% of the total 
concentration of the dye, the plot for the dark variation 
of the optical density of the solution is multiexponential. 
The observed rate constant for eis--trans-isomerization 
is 9.0- 10 -4 s -1. By substituting the resulting k~ value 
and the corresponding kc_ t value from Table I as well as 
C M = 1.5.10 -5 tool L -I  in formula (2), one can esti- 
mate the lower limit for the stability constant of the 
complex of c/s-2b with Ca 2+ (see Table 1). 

It can be seen from Table 1 that on going from the 
cationic dye to the betaine, stability of the complexes 
formed by the cis-isomer increases by more than three 
orders of magnitude. This can apparently be explained by 

the fact that in complexes of e/s-2b, an intramolecular 
coordination bond is formed between the Ca 2+ ion lo- 
cated in the crown-ether cavity and the sulfo group at the 
N-substituent. Previously, 3,4 we found that a bond of this 
type is formed in the complexes of e/s-la,b with Mg 2~-, 

When a solution of 2b containing Ca 2+ ions is irradi- 
ated with light with X = 546 nm under  conditions in 
which the degree of aggregation of the trans-isomer is 
low (C L = 1"10 -5 tool L - t ,  CM/C L = 100, see 
Ref. 10), a trans--cis-photosteady state is established; as 
can be seen from Fig. 2, the equilibrium in this state is 
markedly shifted toward the cis-isomer (>97%). The 
spectrum of (c/s-2h) �9 Ca 2+ exhibits a medium-intensi ty 
band with a maximum at 350--360 rim, and the residual 
absorption in the long-wavelength region of the spec- 
t rum is extremely low. The very. large hypsochromic 
shift, equal to 170 nm, of the spectrum of(cis-2h)- Ca 2+ 
with respect to the spectrum of (trans-2b) " Ca 2+, can, 
apparently, be explained, as in the case of dyes la,b,  by 
the formation of anion-"capped" complexes in which the 
molecule of the dye acquires a twisted conformation 
with marked disruption of the conjugation in the chro- 
mophore. 4 

When a solution of 2b is irradiated under conditions 
in which the trans-isomer is mostly aggregated (C L = 
6 - 1 0  -4 tool L - l ,  CM/C L = 0.25, see Ref. 10), the 
equilibrium in the trans--cis-photosteady ~ate is, con- 
versely, shifted substantially toward the trans-isomer. 
Evidently, this indicates that the tram-isomer does not 
isomerize in the aggregated state. Deactivation of the 
excited state through an internal conversion is a charac- 
teristic feature of the behavior of aggregates of many 
dyes. I l 
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Fig. 2. Absorption spectra of CSD 2b in MeCN (C L = 
1.0- i0 -5 tool L -l) in the presence of Ca(C104) 2 at CM/C L = 
100; trans-isomer (t), trans--cis-photosteady state formed on 
exposure to light with a wavelength of 546 nm and an intensity 
of- l -1016 cm -2 s -t. 
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Table  I p resen t s  the  observed rate cons tan t s  for the  
clark cis--trans-isomerization of  2b,c  at C L = 1" 10 -5 
mol  L --1 in  the  p resence  of  Na,  Z n ,  Mg, Ca, and  Ba 
perch lo ra tes  wi th  C~ t = I"  10 -3 tool L - l  ( unde r  these 
cond i t ions ,  aggrega t ion  o f  the  dyes can  be neglectedl~ 

It can  be  s een  tha t  all the  meta l  ca t ions  wi thou t  
excep t ion  acce le ra te  the  dark  cis--trans-isomerization of  
dye 2c. T h e  sma l l e r  the  d i a m e t e r  of  t he  ca t ion  and  the  
h igher  its charge ,  the  more  p r o n o u n c e d  this  effect. The  
increase  in the  rate c o n s t a n t  of  dark  i somer iza t ion  is 
obviously  due  to  the  i n t e r ac t i on  of  the  meta l  ca t ion  with 
the  sulfo g roup  at the  N-subs t i t uen t ,  wh ich  exerts  a 
cer ta in  effect  o n  the  e l ec t ron ic  s t ruc tu re  of  the  chro-  
mophore .  T h i s  is ind ica ted ,  for  example ,  by the  fact tha t  
the  add i t ion  o f  d o u b l y - c h a r g e d  meta l  ca t ions  to  a solu- 
t ion of  trans-2c results  in a smal l  ( in  the  case o f  Mg 2+, 
up to 2 n m )  b a t h o c h r o m i c  shift  of  the  l o n g - w a v e l e n p h  
absorp t ion  b a n d  and  in a n  increase  in the  ext inc t ion  
coeff icient .  It c an  be suggested  t ha t  the  in te rac t ion  
be tween  t he  m e t a l  ca t ion  a n d  the  sulfo g roup  leads to 
the  d e c o m p o s i t i o n  o f  the  i n t r a m o l e c u l a r  ion pair  formed 
be tween  the  negat ive ly  cha rged  sulfo g roup  and  the  
posit ively cha rged  N a t o m  o f  the  b e n z o t h i a z o l i u m  resi-  
due;  this ,  in tu rn ,  results  in  m o r e  eff ic ient  de loca l iza t ion  
o f  this  posi t ive  cha rge  over  the  con juga t ion  cha in  of  the  
c h r o m o p h o r e  and,  consequen t ly ,  in  a decrease  in the  
ac t iva t ion  ba r r i e r  to  cis--trans-isomerization. 

In the  case o f  dye 2b, Na  + and  Z n  "~+ ions also 
accelera te  dark  cis--trans-isomerization. Evident ly,  the 
abili ty o f  the  a z a - 1 5 - c r o w n - 5 - e t h e r  mo ie ty  in c/s-2b to 
b ind these  ca t ions  is very low, and  they  react  only with 
the  sulfo g roup  o f  the  N-subs t i t uen t .  

At the  s a m e  t ime ,  it c an  be seen f rom Table  1 tha t  
a lkal ine  ea r th  me ta l  ca t ions  exer t  a subs tant ia l  inhibitory. 

effect o n  t he  cis--trans-isomerization of  2b; this  indi-  
cates t ha t  these  ca t ions  i n t e r ac t  wi th  the  a z a c r o w n - e t h e r  
moie ty  in c/s-2b a n d  tha t  a n i o n - " c a p p e d "  complexes  are 
formed.  T h e  grea tes t  effect  is observed  in  the  case of  
Ca  2+ ions,  w h i c h  are k n o w n  lz to  fo rm the  mos t  s table 
complexes  wi th  a z a - 1 5 - c r o w n - 5  e thers  o f  the  a lkal ine  
ea r th  m e t a l  ca t ions .  

Thus ,  we syn thes ized  s't'yryl dyes  c o n t a i n i n g  an  aza- 
1 5 - c r o w n - 5 - e t h e r  moie ty ;  th i s  m a d e  it possible  to  dis- 
cover  a n d  to s tudy  the  i on - se l ec t i ve  r eac t ion  yielding 
p h o t o c h r o m i c  a n i o n : c a p p e d "  complexes ,  cha rac t e r i zed  
by great  h y p s o c h r o m i c  shif ts  o f  the  l o n g - w a v e l e n g h  
absorp t ion  b a n d s  u p o n  trans--cis-isomerization, which  
is no t  typ ica l  o f  p h o t o c h r o m i c  systems.  

E x p e r i m e n t a l  

IH N M R  spectra were recorded on Bruker AMX-400 and 
Bruker AC-200 spectrometers  (operating at 400.13 and 
200.13 MHz for protons) at 300 K. Chemical shifts were 
measured with an accuracy of  0.0l ppm, spin-spin coupling 
constants were deterrruned with an accuracy of  0.1 Hz. 

Electronic absorption spectra were measured on a Specord- 
M40 spectrophotometer. The kinetics of dark cis--trans-isomer- 
ization was monitored based on the variation of  the optical 
density of  the solution at a particular wavelength (for lifetimes 
of the c/s-isomer x > 20 s, a Specord-M40 spectrophotometer 
was used, while for �9 < 20 s, the measurements were carried 
out using a setup described previouslyt3). Solutions of the dyes 
were irradiated with light from a DRSh-250 mercury lamp 
with a wavelength of 546 nm and an intensity of - I -1016  
cm -2 s -I.  The experiments were carried out at -20 ~ in 
quartz cells of length d = 1 cm. In the case of concentrated 
solutions of dyes, a cell with d = 100 mm was used. The 
internal surfaces of all the cells were modified with hydropho- 
bic groups. 14 

The stability constants of the complexes of cis-2a.b with 
Ca 2+ ions in MeCN were estimated from the dependence of 
the rate constant of  the dark cis--trans-isomerization on the 
concentration of added metal cation (for more details, see the 
text of the paper). To exclude the interaction of complexes 
with perehlorate ions from consideration, 14 the overall con- 
centration of  CIO4- in solutions was maintained constant 
(C A = 0.01 tool L - l )  by means of  Et4NCIO 4 used as the 
supporting electrolyte (as was done in the case of trans-2a,b, 
see Pet'. I0). The ionic strength of solutions of  cis-2a varied 
over a very narrow range, from 0.01 to 0.015 tool L -1, and i_n 
the case of cis-2b, it amounted to 0.01 rap1 L - l .  The resulting 
stability constants are effective values and correspond to the 
equation 

K = [LM] ' ( [L][M] ' )  -~, 

where [LM]* = [LM] + [LMA], [M]" = [M] + [MA], L is 
the dye, M is the metal cation, and A is perchlorate anion. 
Since under the experimental conditions, the [CIO4-] value 
varied only slightly and was close to the overall constant 
concentration C a in solution, 

K = KLM(I + KLMACA)(I + KMACA) - I ,  

where KLM = [LM]([L][M]) -~, KLM A = [LMAI([LM][A]) - l ,  
and KMA = [MA]([M][A]) - t  (for more details, see Refs. 10 
and 14). 
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Acetonitrile and Mg, Ca, and Ba perchlorates were dehy- 
drated by known procedures. 14 The Na and Zn perchtorates 
and Et4NCIO 4 were dried in vacuo at 230, 110, and 40 *C, 
respectively. 

3-Ethyt-2-methylbenzothiazolium perehlorate (3a). 3-Ethyl- 
2-methylbenzothiazolium iodide (5) (0.314 g, 1.03 retool)was 
dissolved in hot MeOH, and 56% HC104 (0.55 mL) was 
added. Three hours later the precipitate was filtered off, washed 
with cold MeOH, and dried. The yield of 3a was 0.25 g 
(88%), m.p. 177--179 ~ Found (%): C, 43.02; H, 4.47; 
N, 4.95. Ct0HI2CINO4S. Calculated (%): C, 43.32; H, 4.37; 
N, 5.05. 

2-Methyt-3-(3-suifopropyt)benzothiazolium (3b). A mix- 
ture of 2-methylbenzothiazole (6) (2 g, 1.71 mL, 13.4 mmol) 
and t,3-propanesultone (7) (2.128 g, 1.53 mL, 17.4 retool) 
was heated for 13 h at 120 ~ Then the reaction mixture was 
refluxed with Me2CO, and the solid product was fltered off 
and recrystallized from MeOH. The yield of betaine 3b was 
1.85 g (51%), m.p. 276--278 ~ (cf. Ref. 8). 

trans- 3- Ethyl-2- {2-[4-(4,7,10,13-tetraoxa- l -azacyclo-  
pentadeeyl)phenyl]vinyl)benzothiazolium perchlorate (2a). A 
mixture of 3-ethyl-2-methylbenzothiazolium perchlorate (3a) 
(0.25 g, 0.9 retool) and N-(4-formylphenyl)aza-15-crown-5 
ether (4) (0.32 g, 1 retool) was dissolved in 10 mL of anhy- 
drous EtOH, and pyridine (0. t5 mL) was added. The reaction 
mixture was refluxed for 8 h and concentrated in vacuo. The 
crude product was refluxed with hexane, and the residue was 
recrystallized from MeOH. The yield of  2a was 0.35 g 
(66%), m.p. 237--239 ~ IH NMR (MeCN-d 3, 400 MHz), 
5:1.58 (t, 3 H, Me, J = 7.3 Hz); 3.60 (br.s, 4 H, 6-CH;,O); 
3.65 (m, 8 H, ,~,z'-CH20); 3.74 (m, 4 H, ct,e~'-CH2N); 3.82 
(m, 4 H, ~,13"-CH20); 4.71 (q, 2 H, _Q_I:[2Me, I = 7.3 Hz); 
6.92 (m, 2 H, H(C-3"), H(C-5")); 7.30 (d, I H. H(C-a), 
3Jn,ar ~ = 15.2 HZ); 7.70 (m, 1 H, H(C-6), arHI6LH(7) = 8.1 Hz);  
7.79 (m, 2 }t, H(C-2"), H(C-6")); 7.81 (m, l H, H(C-5), 
JH~5),H(4) = 8.5 Hz); 7.94 (d, 1 H, H(C-4), J'H(4),H(5)= 
8.5 Hz): 8.01 (d, 1 H, H(C-b), 3Jtra, ~ = 15.2 Hz); 8.12 (d, 
1 H, H(C-7), JH(7),H(6) = 8.1 Hz) .  Found (%): C, 54.93; 
H, 6.00; N, 4.64. C27HjsCIN2OsS-0.5 H~O. Calculated (%): 
C, 54.8l; H, 6.14 N, 4.74. 

trans-2- {2- [4- (4,7, I 0,13-Tetraoxa- l-azacyclopenta- 
decyl)phenyl]vinyi}-3-(3-sulfopropyl)benzothiazolium (2b) was 
prepared from betaine 3b and N-(4-formylphenyl)aza-  
t5-crown-5 ether (4) sivmlady to 2a. Yield 82,%, re.p. 230-- 
231 ~ ~H NMR (DMSO-d6, 400 MHz), ~: 2.07 (m, 2 H, 
CH2); 2.66 (m, 2 H, CH2803-);  3.61 (br.s, 4 H, 6-CH20); 
3.66 (m, 8 H, r,,~'-CH20); 3.80 (m, 8 H, et,ct'-CH2N, 
~,[3"-CH20); 4.91 (m, 2 H, N_CH2CH2CH2); 6.94 (m, 2 H. 
H(C-3 '), H(C-5")); 7.77, 7.87 (2 m, 2 H, H(C-6) and H(C-5), 
J = 8.1 Hz, J = 8.6 Hz); 7.84 (d, I H, CH=CH, 3Jrran s = 
15.2 HZ); 8.04 (m, 2 H, H(C-2"), H(C-6")); 8.16 (d, 1 H, 
CH=_Q.H__, 3Jr~a~s = 15.2 Hz); 8.30, 8.38 (2 d, 1 H, H(C-7) 
and H(C-4), J = 8.I Hz, 3" = 8.6 Hz). Found (%): C, 54.15; 
H, 6.32; N, 4.27. C2sH36N207S2" 2.5 H20. Calculated (%): 
C, 54.09: H, 6.65; N, 4.51. 

trans- 2-[ 2-( 4-Dimethylaminoghen yl ) vinyl ]- 3-( 3-sulfo- 
propyl)benzothiazolinm (2e). A mixture of betatne 3h (0.24 g, 
0.83 mmot) and para-dimethylaminobenzaldehyde (4) (0.16 g, 
1.07 mmot) in 5 mL ofAc~O was refluxed for 6 h. Product 2c 
was precipitated from the reaction mixture with Et20. The 

precipitate was filtered off, washed with hot MeCN, and 
recrystallized from MeOH. Yield 0.178 g (48%), m.p. 187-- 
189 ~ 1H NMR (DMSO-d 6, 400 MHz), 6 :2 .32 (m, 2 H, 
CH2); 2.77 (m, 2 H, CH2803-); 3_22 (s, 6 H, NMe2); 5.09 
(m, 2 H, NCH2); 6.95 (d, 2 H, H(C-3"), H(C-5")); 7.76, 
7.87 (2 m, 2 H, H(C-6) and H(C-5)); 7.99 (d, I H, C H = C H ,  
3Jrran s = 15.5 HZ); 8.06 (d, 2 H, H(C-2"), H(C-6"));  8.14 (d, 
1 H, CH=CH, 3lzrans = 15.5 Hz); 8.32, 8.35 (2 d, 1 H, 
H(C-7)  and H(C-4)).  Found (%): C, 57.22; H, 5.29. 
C20H~N20382 �9 H20. Calculated (%): C, 57.13; H, 5.76. 

This work was carried out with the  f inancial  suppor t  
o f  the Russian Foundat ion  for Basic Research  (Projects  
Nos.  94-03-08531, 95-03-09090,  and 96-03-32662) .  

References 

I . S . P .  Gromov, O. A. Fedorova, A. I. Vedernikov, Yu. V. 
Fedorov, and M. V. Alfimov, Zzv. Akad. Nauk, Ser. Khim., 
1997, 1007 [Russ. Chem. Bull., 1997, 46, 967 (Engl. 
Transl.)]. 

2. S. Shinkai, in Comprehensive Supramolecular Chemistry, 
Ed. J.-M. Lehn, Pergamon Press, New York, 1996, 1, 
Ch. 14. 

3. S. P. Gromov, O. A. Fedorova, E. N. Ushakov, O. B. 
Stanislavskii, I. K. Lednev, and M. V. ALf'tmov, Dokl. 
Akad. Nauk SSSR, 1991, 317, 1134 [DokL Chem., 1991 
(Engl. Transl.)[. 

4. S. P. Gromov, O. A. Fedorova, E. N. Ushakov, O. B. 
Stanislav'skii, and M. V. Alfimov, Dokl. Akad. Nauk SSSR, 
1991, 321, 104 [DokL Chem., 1991 (Engl. Transl.)]. 

5. I. I. Baskin, K. Ya. Burstein, A. A. Bagarur'yants, S. P. 
Gfomov, and M. V. Alfimov, J. Mol. Structure, 1992. 
274, 93. 

6. A. V. Bar-zykin, M. A. Fox. E. N. Ushakov, O. B. 
Stanis!avsky, S. P. Gromov, O. A. Fedorova, and M. V. 
Alfimov, J. Am. Chem. Soc., 1992. 114, 6381. 

7. J. P. Dix and F. VSgtle, Chem. Bet., 1980, 113, 457. 
8. S. P. Gromov, E. N. Ushakov, O. A. Fedorova, A. V. 

Buevich, and M. V. Alfimov, [zv. Akad. :Vauk, Ser. Khim., 
1996, 693 [Russ. Chem. Bull., 1996, 45, 654 (Engl. Transt.)]. 

9. H. Giinther, NMR Spectroscopy. An Introduction, J. Wiley 
and Sons, 1980, Ch. 2. 

10. E. N. Ushakov, S. P. Gromov, O. A. Fedorova, and M. V. 
Alfimov, lzv. Akad. Nauk, Set. Khim., 1997, 484 [Russ. 
Chem. Bull., 1997, 46, 654 (EngL Transl.)]. 

t l .  V. [. Yuzhakov, Usp. Khim., 1979, 48. 2007 [Russ. Chem. 
Rev., 1979, 48, 1076 (Engl. Transl.)]. 

12. R. M. lzatt, K. Pawlak, and J. S_ Bradshaw, Chem. Rev., 
1991, 91, 1721. 

13. V. B. Nazarov, V. A. Soldateukova, M . V .  Alfirrtov, 
P. karezhini. A. Samat, and R_ Guglielmetti, [zv. Akad. 
Nauk, Ser. Khim., 1996, 2220 [Russ. Chem. Bull., 1996, 45, 
2105 (Engl. Transl.)]. 

14. O. B. Stanislavskii, E. N. Ushakov, S. P. Gromov, O. A. 
Fedorova, and M. V. Alfimov, L~v. Akad. Nauk, Ser. Khim., 
1996, 605 [Russ. Chem. Bull., 1996, 45. 564 (Engl. Transl.)]. 

Received October l, I996; 
in revised form February 2I, 1997 


