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New crown ether styryl dyes (trans-lc,d) containing the 18-crown-6 ether fragment were 
synthesized. Interaction of trans-lc0d dyes, as well as their analogs, trans-la,b containing the 
|5-crown-5 ether fragment, with Ca(CIO4) 2 in MeCN afforded supramolecular structures 
(dimeric complexes). Competing reactions, trans-cis-photoisomerization with the formation 
of anion-"capped" complexes of c/s-la--d and {2+2] autophotocycloaddition with the 
formation of cyclobutane derivatives 8a--d and 9¢, were observed on photolysis of solutions 
of complexes of trans-la--d with Ca 2+. Preorganization of tram-isomers in dimeric com- 
plexes with Ca 2÷ determined the regio- and stereoselectivity of each of the two directions of 
the photocycloaddition and the efficiency of the reaction. 
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[2+21 photocycloaddition; cyclobutane derivatives; I H NMR spectra. 

The ability for self-organization in solution on the 
molecular level (spontaneous assembling) with the for- 
mation of supramolecular structures with the desired 
architecture and the ability to be photocontrolled are the 
necessary conditions for creation of photo-switched mo- 
lecular devices, z Earlier we have found that in the 
course of photoisomerization caused by in-adiation, com- 
plexes of crown-containing styryl dyes (CSD) are able to 
take off the "anionic cap" in the trans-form and put it on 
in the cis-form. This, in turn, permitted us to achieve 
photocontrol over binding of cations of alkaline-earth 
metals) In addition, it has been shown that self-assem- 
bly of dimeric complexes from two CSD molecules and 
two metal cations, affording a favorable mutual space 
orientation of molecules, may become a unique instru- 
ment for the control of regio- and stereoselectivity of 
12+21 photocycloaddition (PCA) of CSD (see Ref. 4). 
This opens wide possibilities for using CSD as synthons 
for stereospecific photochemical synthesis of crown- 
containing cyclobutanes, a new promising type of host 
molecules (receptors). These reactions were discovered 

* For Part 17 see Ref. I 

to be photochemically reversible that allows one to carry 
out not only assembly but, when needed, disassembly of 
the receptor molecules synthesized. Directed molecular 
engineering of supramolecular structures based on CSD 
allows one to expect the increase in efficiency of these 
interesting photoreactions and to control the stereo- 
chemistry of the end products, s 

In the present work we studied the influence of the 
size of the crown ether cavity and the nature of the 
metal cation on the photoisomerization and [2+2] 
autophotocycloaddition of CSD by the example of pho- 
tochromic 15-crown-5 and 18-crown-6 ethers of 
benzothiazole series l a - - d  

The syntheses o fCSD la (see Ref. 6) and lb (briefly, 
without a detailed procedure) 7 were described by us 
earlier. CSD la- -d  were synthesized by condensation of 
betaines 2a,b with 4-formylbenzo- 15(18)-crown-5(6) 
ethers a (3a,b) in the presence of pyridine in up to 60 % 
yields. The starting betaines 2a,b were obtained by heat- 
ing of 2-methylbenzothiazole (4) with "¢-sultone (5a) 
and ~-sultone (5b), respectively, in up to 25 % yields 
(Scheme 1). The low yield of betaines 2a,b probably 
results from steric hindrance which appear on quaterni- 
zation of the heterocyclic base due to the presence of 
the methyl group in position 2 of the thiazole cycle of 4. 
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The structure of  compounds  le ,d obtained was con-  
firmed by IH N M R  spectroscopy (see Experimental). 
The elementary analysis data correspond to the pro- 
posed structures. Judging from the coupling constants 
3Jtra#: = 15.6 Hz (see Ref. 9) for olefin protons, CSD 
le,d obtained have trans-configuration. 

The electron absorption spectra o f  trans-le,d in 
MeCN are practically similar to those of  trans-la,b (see 
Ref. 7), since the chromophore part of  all of the com- 
pounds is identical. Unlike the case with trans-la,b, 
addi t ion  o f  Mg(CIO4)2 at c o n c e n t r a t i o n  C M = 
1.2-10 -4 tool L -I into a solution oftrans-lc,d with C L = 
2.0.10 -5 tool L -I does not lead to a noticeable change in 
the absorption spectrum since the crown ether fragment of  
dyes Ic,d is almost incapable of  binding the Mg 2+ ion 
whose diameter is significantly smaller than the cavity size 
of  the 18-crown-6 ether. 

At the same time, addition of  Ca(CIO4)2 at the same 
concentrat ion results in a hypsochromic shil~ of  the 
long-wave absorption band (LAB) of  trans-lc,d from 
436 to 410 nm and from 435 to 412 nm, respectively, 

Shifting of  the electron density from the benzene 
ring to the heterocycle occurs in the CSD molecule 
during the long-wave electron transition. I° When the 
crown ether fragment binds Ca 2+ ion, such shifting of  

the electron density outward from the cation becomes 
energy unprofitable. This explains the experimentally 
observed hypsochromic shift o f  the LAB. 

Further increase in the concentrat ion o f  Ca(CIO4)2 
in solution does not result in noticeable spectral changes; 
therefore, one may conclude that under  the given above 
conditions, trans-le,d, as well as trans-la,b (see Ref. !), 
are almost completely transformed into complexes with 
Ca 2+ ions (weak spectral changes observed with the 
increase in C M > 1.10 -3 mol L - l  may be due to a 
change in complex composition).  The data on the sta- 
bility o f  the complexes of  trans-le,d with Ca 2+ obtained 
by the standard spectrophotometric  titration method 
showed that the apparent stability constants o f  these 
complexes are so high that they lie beyond the sensitiv- 
ity limit of  this method (IogK > 7). 

Thus, the complexes o f  trans-la--d with Ca 2+ are 
convenient objects for comparative photochemical  inves- 
tigation since they can be obtained under similar condi-  
tions at relatively low concentrat ions o f  dye and metal 
salt. 

Reversible competitive reactions of  trans-cis-photoi- 
somerization and photocycloaddit ion (PCA) are ob- 
served on photolysis of  solutions of  the complexes l a - - d  
with Ca 2+. Similar reactions proceed in the case of  the 
previously studied complexes of  la ,b with Mg2+. 3,4,1 

In the spectra of  (cis-la--d)'Ca 2+ formed as the 
result of  photoisomerization, the LAB are located in a 
significantly shorter-wave region than those of  the start- 
ing complexes of  trans-la--d with Ca 2+ (Fig. I). Such 
unusually strong photochromic effect in the trans-cis- 
photoisomerization, as in the case of  the complexes of  
la ,b with Mg 2+ (see Ref. 3 and 7), may result from the 
formation of  an intramolecular coordination bond (ICB) 
in the cis-form between the sulfo g roup  of  the 
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Fig. 1. Absorption spectra of (trans-Id).Ca 2+ (/), (cZs-ld).Ca 2+ 
(2), and 8d'2Ca 2+ cycloadduct (3) in MeCN (C L = 
2.0-10 -5 tool L -t, C M = 1.2-10 -4 tool L - I ) a t  295 K. 
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N-substituent and the cation located in the cavity of the 
crown ether fragment (Scheme 2). Due to the relatively 
small length of the N-substituent (spacer), the formation 
of anion-"capped" complex is probably accompanied by 
significant twisting of separate fragments of the chro- 
mophore around ordinary bonds (ethylene fragment -- 
benzothiazole residue and ethylene fragment -- benzo- 
crown ether residue). The twisting causes distortion of 
conjugation in the chain of  chromophore  atoms 
which results in a hypsochromic shift of LAB of 
(cis- la--d)-Ca 2+. 

Scheme 2 
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The conclusion about the formation of an ICB is 
confirmed by the fact that the absorption in the long- 
wave region of the spectra increases significantly when 
large amounts of Ca(CIO4) 2 (C M > 0.1 mol L -I)  are 
added to a solution of (cis-la--d)'Ca 2÷. The same effect 
was observed previously for (cis-la)'Mg 2+ (see Ref. 3) 
and was attributed to the rupture of the ICB in the 
complex due to the interaction of the sulfo group with 
an additional metal cation with the formation of the 
(cis-la).2Mg 2+ complex where conformation of the cis- 
isomer of the dye becomes more planar, and this results 
in restoration of conjugation in the chromophore and, 
respectively, in the increase in long-wave absorption. 

Earlier we have shown by the example of 
(cis-la,b).Mg 2+ that the existence of ICB, in addition to 
the strong photochromic effect, provides significantly 
higher stability of the cis-isomer complexes as compared 
with that of the trans-isomer complexes. 7 Using these 
effects, we were able to obtain pure anion-"capped" 
(cis-la--d).Ca 2÷ complexes also in the case of la--d. 

(cis-la--d)-Ca 2+ complexes were obtained by irradia- 
tion of solutions of the complexes of trans-la,c with 

Ca 2+ (k = 436 nm). For such irradiation, the trans-cis- 
photostationary state is shifted toward the cis-isomer for 
more than 99 %. In this case, only trace amounts of 
cycloadduct are formed in the period of establishment of 
the trans-cis-photostationary state since the quantum 
yield (~) of the PCA reaction, competing with photoi- 
somerization, is low. 

In the case of the complexes oftrans-Ib,d with Ca 2+, 
the • value for PCA is significantly higher; therefore, 
the procedure for the preparation of (c/s-lb,d).Ca 2÷ was 
modified in the following way. A solution of trans-lb,d 
(CL = 2.0"10 -5 mol L -I)  was transformed into trans- 
cis-photostationary state by irradiation with light at 
436 nm. The content of cis-lb,d in this case was ap- 
proximately 80 % (determined by Fischer method), it 
Then Ca(CIO4)2 in 1 : 2 ratio with respect to the dye 
was added to the solutions. Under these conditions, 
Ca 2÷ ions are completely bound with cis-lb,d and 
trans-lb,d remain in the unbound state. Irradiation of 
solution followed by the addition of Ca(CIO4)2 in 1 : 2 
ratio with respect to the dye which remained unbound, 
was repeated several times until trans-lb,d was com- 
pletely transferred into (cis-lb,d)'Ca 2+. Such a proce- 
dure allowed us to obtain pure (c/s-lb,d)-Ca 2+ since 
trans-lb,d remained in a free form in all irradiation 
stages and, therefore, did not take part in PCA. 

Prolonged photolysis of solutions of the complexes 
la - -d  with Ca l+ by light with a shorter wavelength L = 
365 nm which is absorbed by both isomeric forms of the 
complexes, results in total consumption of CSD due to 
the PCA reaction competing with photoisomerization 
(the exceptions are complexes of le with Ca 2+ for which 
the total consumption of the dye is not achieved because 
the quantum yield of PCA is low). As an example, 
Fig. 1 presents the electron absorption spectrum of the 
cycloadduct complex obtained on photolysis of the com- 
plexes of ld with Ca 2+, For the comparison, the absorp- 
tion spectra of the complexes of  trans- and cis-ld with 
Ca 2+ are also given. When the obtained complexes of 
cycloadducts with Ca 1+ are irradiated with light with 
k = 313 nm, the formation of complexes of the starting 
dyes occurs until a complex photostationary state stem- 
ming from the existence of reversible reactions of 
photoisomerization and PCA is reached. 

It should be noted that in very diluted solutions of the 
complexes la--d with Ca 2+ (at C L -10 -5 mol L -t) the 
PCA reaction cannot proceed according to the usual 
bimolecular mechanism due to the small lifetime of the 
excited state x < 10 -t° s (see Ref. 12). Even if we propose 
that the reaction is diffusion controlled, the maximum 
theoretical quantum yield of PCA under these conditions 
cannot exceed 10 -5, whereas the experimental • values 
(see below) for the complexes of la- -d  with Ca 2+ lie 
within 4.10 -4 -- 6.10 -2 interval. This allows us to con- 
clude that only aggregated species take part in the PCA. 
Since the (cis-la--d).Ca 2+ complexes, as was shown 
above, are in the monomeric form, only the aggregated 
complexes of trans-la--d with Ca 2+ can be such species. 
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One may assume that the complexes of trans-la--d 
with Ca 2+, similar to that oftrans-la,b with Mg 2+, form 
pseudomacrocyclic dimeric structures in MeCN 4,1LI3 
which have two additional coordination bonds between 
sulfopropyl or sulfobutyl spacers and two cations in 
cavities of crown ether fragments. 

Examination of molecular models of such supramole- 
cules based on trans-la--d and Ca 2+ showed that, simi- 
lar to [(trans-la,b)'Mg2*]2 (see Ref. 4), the most prob- 
able space structures for these compounds are structures 
of "head-to-tail" type with crossed arrangement of mole- 
cules (6a--d) (anti-"head-to-tail", Scheme 3). It is evi- 
dent that the existence of [(trans-la--d)'Ca2+12 may 
lead to regio- and stereoselective PCA with the forma- 
tion of the corresponding cyclobutane derivatives. 

As we have already shown by the example of CSD of 
the quinoline series, 5 the structure of the cycloadducts is 
not changed when passing from Mg 2+ to Ca2+; there- 
fore, the 8a,b structure, which was reliably established 
earlier for the photoproducts  obtained from 
[(trans-la,b)'Mg2+]2 (see Ref. 4), was attributed to the 
photoproducts obtained from [(trans-la,b)'Ca2+12. 

Analysis of tH NMR spectra of all photoproducts 
obtained from [(trans-lc,d)'Ca2+12 was carried out using 
COSY and NOESY spectroscopy (for preparation 

is crown e~er fragment wi~ Ca 2* 

is (CH2)nSO 3- 

of samples for IH NMR see Experimental). Like 
[(trans-la,b)'Mg2+]2 (see Ref. 4), only one isomer (Sd) 
from 11 theoretically possible cyclobutane derivatives is 
formed from [(trans-ld).Ca2+]2, irrespective of the start- 
ing CSD concentration. Its JH NMR spectrum is of 
A2B 2 type with coupling constant JAB = 9.73 Hz. 

The results of the theoretical conformation analysis, 
previously carried by us by the example of  
1,2,3,4-tetraphenylcyclobutane, 5 allow us to make a 
conclusion about the stability of compound 8d in the 
conformation of equatorial arrangement of substituents. 
This conclusion is based on the fact that the values of 
the experimental vicinal coupling constant in 8d and the 
corresponding constant, calculated for the conformation 
of the model compound with equatorial substituents, are 
close (9.73 and 10.75 Hz, respectively). This means 
that the structure of the $d product is similar to that 
of cycloadducts $a,b which are formed from 
[(trans-la,b)'Mg2+12 as the result of PCA (see Ref. 4), 
and to the conformation of the cyclobutane derivative 
obtained in the PCA reaction of the CSD containing 
quinoline residue substituted at position 2 (see Ref. 5). 

Not long ago we proposed the procedure for com- 
puter modeling of [2+21 autoPCA of dimeric complexes 
of CSD with metal cations. 14 This procedure, based on 
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molecular mechanics, allowed us to determine the corre- 
lation between regio- and stereoselectivity of formation 
of cyclobutane derivatives and space structures of dimeric 
complexes of CSD with M 2+, to predict the possibility 
of formation of isomers with anti-"head-to-tail" arrange- 
ment of  CSD molecules (6a--d) and with arrangement 
of molecules directly one over the other (Ta--d) (syn- 
• "head-to-tail", Scheme 3), as well as the formation of 
cyclobutane derivatives with corresponding structures on 
irradiation. 

Actually, using IH NMR spectroscopy, among the 
three photoproducts obtained from [(trans-le)'Ca2+12, 
we found two isomeric cyclobutane derivatives 8c, 9e, 
and cis-le in the ratio 2 : I : 1.6. The cyclobutane part 
of the spectrum of Be is similar to the corresponding part 
of the lid spectrum and is also attributed to the A2B2 
type with coupling constant JAa = 9.85 Hz. The 
IH NMR spectrum of cyclobutane 9e protons is de- 
scribed by a spin system of AA 'BB '  type with the set of 
vicinal coupling constants 3~JH(I),H(2 ) =.,3JH(3),H(4 ) = 
10.54 Hz a n d  3JH(3),H(2 ) = H(I),H(4) = / . /4  Hz. This 
set of vicinal constants is in good correlation with the 
values of the constants 10.29 and 7.61 Hz obtained 
earlier for the crown-containing 1,2,3,4-tetrasubstituted 
cyclobutane, s and with the values of the vicinal con- 
stants t5 calculated using molecular mechanics. 16 These 
calculations showed that 1,2,3,4-tetraphenylcyclobutane, 
in which the substituents are arranged as in the 9e 
structure, has the vicinal c o n s t a n t s  3Jci s = 8.97 and 
3jtran s = 7.68 Hz after quick conformation averaging 
due to a low energy barrier; these constants are also in 
good correlation with the set of experimental coupling 
constants in 9e. 

The existence of two isomeric cyclobutane deriva- 
tives 8e and 9e among PCA products is the first example 
of violation of strict stereospecificity, which we observed 
earlier for the PCA reaction of CSD (see Ref. 4,5) that 
is probably due to the low total quantum yield of the 
reaction (see below). The C=C double bonds of trans-lc 
in both dimeric complexes 6c and 7e may be arranged in 
an unfavorable manner relative to each other, thus 
lowering both the efficiency of the PCA and its ste- 
reospecificity. 

The analysis of the spectrum of the third photoproduct 
showed that the compound obtained is free CSD lc in the 
cis-configuration with coupling constant 3Jci s = 12.0 Hz 
(see Ref. 9) typical of olefin protons (Scheme 4). 

The presence of cis- lc  in the reaction mixture may 
be explained by the fact that the dye cannot be com- 
pletely consumed due to the low quantum yield of the 
PCA. In order to simplify the interpretation of IH NMR 
spectrum, the residue of lc 'Ca 2+ containing CSD in the 
form of a mixture of cis- and trans-isomers was com- 
pletely transformed into (cis-lc) 'Ca 2+ by irradiation with 
light at X = 436 nm (see above). To date this is the only 
case in which a CSD is observed in its cis-form using 
tH NMR. 

Scheme 4 
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The quantum yields of  PCA for the complexes 
ef t rans- la- -d  with Ca 2÷ were measured at C L = 
2.0-10 -5 mol L -I and C M = 1.2-10 -4 mol L -n by 
kinetics of CSD consumption on irradiation with light at 
~. = 365 nm. CSD concentration was monitored by the 
absorption spectrum of a solution at 360--430 nm which 
is the sum of the absorption spectra of complexes of 
trans- and cis-isomers. 

The quantum yields of PCA obtained with respect to 
total absorption of a dye at irradiation wavelength are 
the following: 

C S D  lit  l b  l e  l d  
0.001 0.0 i 0.0004 0.06 

As can be seen, an increase in the size of the crown 
ether cavity in CSD containing a sulfopropyl spacer 
results in a noticeable lowering of the quantum yield of 
the auto-CPA reaction in complexes o ( C S D  with Ca 2+, 
whereas a significant increase in the efficiency of this 
reaction is observed in the case of the sulfobutyl spacer. 
It is evident that the effects observed cannot be ex- 
plained by the electron-donating effect of the additional 
methylene group in the sulfobutyl spacer. 

Since the PCA reaction occurs only with the partici- 
pation of [(trans-la--d)'Ca2+12, the obtained depen- 
dence of ¢~ on the cavity size of the crown ether frag- 
ment and the spacer length might be, in principle, 
explained by the different degrees of dimerization of 
( trans- la--d) .Ca 2+ under these experimental conditions. 
PreLiminary data on measuring degrees of dimerization 
allowed us to estimate the elementary quantum yields of 
the PCA with respect to the absorption of 
[(trans-la--d)'Ca2+12 only (the results will be published 
later). It turned out that the elementary quantum 
yields, as well as the ¢~ values, fall into the order 
trans-ld > trans-lb > trans-la > trans-le,  but tbis de- 
pendence is tess sharp. Hence, the series of ¢~ mlues 
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obta ined  cannot  be expla ined only by the different de-  
grees o f  d imer iza t ion  of  trans- l a - - d ) . C a  2+. 

As was previously ment ioned  by us, ! d imer ic  com-  
plexes o f  C S D  with M 2÷ have pseudomacrocyc l ic  struc- 
ture. Therefore ,  the increase in the efficiency o f  PCA for 
t rans- la--d  conta in ing  different crown ether  fragments, 
as the spacer  length increases,  might be at t r ibuted to the 
decrease  in steric h indrance  in the pseudomacrocycle .  
However ,  for C S D  conta in ing  spacers with different 
lengths, the dependences  o f  ¢~ on the cavity size of  the 
crown e ther  f ragment  are opposi te  in sign, suggesting 
the impor tan t  role o f  the factor of  mutual  or ientat ion for 
the reacting C = C  bonds in d imer ic  complex preorganized 
for the au to -PCA.  

it should also be noted that C S D  l a - - d  in the 
absence of  metal  cat ions  under  the above condi t ions  do 
not en te r  the a u t o - P C A  reaction.  The effect of  p romot -  
ing the  PCA react ion with a lkal ine-ear th  metal  salts for 
aryl-  and diaryle thylenes  with low reactivities was never 
descr ibed previously,  and,  in our  opinion,  it is of  obvi- 
ous theoret ica l  interest.  

The  influence of  Ca 2+ ions on the a u t o - P C A  reac- 
t ion of  C S D  studied by us cannot  be explained by the 
templa te  effect 17 where a metal  cat ion is bound direct ly 
to react ion centers  of  reacting molecules  that favors the 
reaction,  in our  case, the effect o f  concentra t ing  C S D  in 
the react ion area and the effect of  mutual  or ientat ion 
play the decisive role, as in the case of  o ther  models,  
e.g., in a crystal state in the absence of  metal  cations. 18 

Thus,  al ter ing the s tructure of  crown ether  fragment 
also allows one to change the ionic selectivity of  the 
format ion of  a n i o n - " c a p p e d "  complexes  and that of  the 
PCA react ion and to control  the efficiency of  PCA. The 
t ransformat ions  studied demons t ra te  s imul taneously  new 
possibil i t ies in the appl ica t ion  of  C S D  as synthons for 
s tereospecif ic  pho tochemica l  synthesis of  new type of  
host molecules  (receptors) .  

Exper imenta l  

IH NMR spectra were obtained on Bruker AMX-400 and 
Bruker AC-200 spectrometers with working frequencies 400.13 
and 200.13 MHz at 300 K. Chemical shifts and coupling 
constants were measured with an accuracy of 0.01 ppm and 
0.1 Hz, respectively. To record the IH NMR spectra of free 
photoproducts, photoreactions were completed, MeCN was 
evaporated, dry residues obtained were dissolved in MeCN-d 3, 
and D20 was added to the solutions (5 % by volume). Under 
these conditions, the crown ether fragment is not able to form 
complexes with Ca 2÷ ions, which are strongly solvated by D20 
molecules. The analysis of the cyclobutane subspectrum was 
carried out using the CALM iteration program. The CALM 
program is a version of the UEAITR program adapted for 
personal computers (see Ref. 19). The mean-square deviation 
of the calculation was 0027 Hz. 

Electron absorption spectra of solutions were recorded on 
a Specord-M40 spectrophotometer. MeCN for the spectral 
sttidies was distilled with KMnO4, twice over P205, and then 
once over Call2. Ca(CIO4)2 was dried in vacuo at 230 °C. 
Solutions of dyes and their complexes were irradiated with a 

DRSh-250 mercury lamp. Glass filters were used to separate 
individual spectral lines of the lamp. The intensity of actinic 
light was measured with a PP-I radiation detector. 

The purity of compounds was controlled by HPLC chroma- 
tography on a Milikhrom chromatograph (2x64 mm column, 
Separon CI8, 5 mm, detection at 230 nm). The dyes were 
analyzed using a MeCN--H20 (85 : 15) mixture as the eluent. 
The dyes give one peak with retention volume 140--160 mL. 

2-Methyl-3-(3-suifopropyl)benzothiazolium betaine (2a). 
A mixture of 2-methylbenzothiazole (4) (2.24 g, 1.91 mL, 
0.015 mol) and ~,-propansultone (Sa) (1.95 g, 1.4 mL, 
0.016 mol) in benzene (10 mL) was refluxed for 20 h. The 
residue formed was filtered off, washed with hot benzene and 
Me2CO, and crystallized from abs. EtOH to give 1 g (25 %) 
of betaine 2a, m.p. 276--278 °C (cf. Ref. 20). IH NMR 
(DMSO-d 6, 400 MHz), 6:2.19 (m, 2 H, CH2); 2.63 (m, 2 H, 
CH2SO3-); 3.19 (s, 3 H, CH3); 4.94 (m, 2 H, CH2N); 7.78 
and 7.88 (2 m, 2 H, H(C-5), H(C-6), d -- 8.5, 8.2, 7.3 Hz); 
8.40 and 8.44 (m, 2 H, H(C-4), H(C-7), d -- 8.5, 8.2 Hz). 
Found (%): C, 48.81; H, 4.73; N, 5.04. CIIHt3NO3S 2. Cal- 
culated (%): C, 48.69; H, 4.83; N, 5.16. 

2-Methyl-3-(4-sulfopropyl)benzothiazoUum betaine (2b) was 
synthesized similarly to compound 2a, yield 25 %, m.p. 294 °C 
(cf. Re£ 21). IH NMR (DMSO-d 6, 400 MHz), 6:1.78 (m, 
2 H, CH2); 1.97 (m, 2 H, CH2); 2.50 (m, 2 H, CH2SO3-); 
3.23 (s, 3 H, CH3); 4.76 (m, 2 H, CH2N); 739 and 7.89 
(2 m, 2 H, H(C-5), H(C-6)); 8.43 (m, 2 H, H(C-4), H(C-7)). 
Found (%): C, 50.65; H, 5.17; N, 4.79. CI2HIsNO3S 2. Cal- 
culated (%): C, 50.51; H, 5.30; N, 4.91. 

trans-2- [2-(2,3,5,6,8,9, I 1,12-Oet~ydro- 1,4,7,10,13-pen- 
taoxabenzoeyclopentndecin- 19-yl)ethenyl]-3-(4-sulfobu- 
tyl)benzothiazollum betaine (Ib).  A mixture of betaine 2b 
(0.12 g, 0.48 retool) and 4-formylbenzo-15-crown-5 (3a) 
(0.16 g, 0.55 mmol) was dissolved in abs. EtOH, then pyri- 
dine (0.1 mL) was added, and the mixture was refluxed for 
10 h. The product precipitated was filtered off, boiled with 
hexane to remove the crown ether 31, which does not enter 
the reaction, and then crystallized from abs. MeOH to obtain 
0.12 g (45 %) of lb, m.p. 318 *C (cf. Ref. 7). Found (%): 
C, 54.19; H, 5.92; N, 2.27. C27H33NOsS2-2H20. Calculated 
(%): C, 54.08; H, 6.22; N, 2.34. 

trans-2-[2-(2,3,5,6,8,9, i i , 1 2 ,  1 4 , 1 5 - D e c a h y d r o -  
!,4,7,10,13,16-hexaoxabenzocyclooetadecin- 19-yl)ethenyl] - 
3-(3-sulfopropyt)benzothlazolium betaine (Ic)  was synthesized 
similarly to compound Ib, yield 60 %, re.p. 314 °C (from 
MeOH). IH NMR (CD3CN, 400 MHz), 6 :2 .40  (m, 2 H, 
CH2); 2.83 (m, 2 H, CH2SO3-); 3.6--3.75 (m, 12 H, g,~,', 
6,6", e,e '-CH20); 3.88 and 3.94 (2 m, 4 H, 13,1~'-CH20); 
4.29 (m, 2 H, ct '-CH20); 4.62 (m, 2 H, ct-CH20); 5.14 (m, 
2 H, CH2N); 7.09 (d, I H, H(C-5) ofbenzocrown, JH(S),Ht6) = 
8.4 Hz); 7.41 (dd, 1 H, H(C-6 )o f  benzocrown, ./H(6),H(5) = 
8.4 Hz, JH(6),H(2 ) = 1.8 Hz); 7.75 and 7.84 (2 m, 2 H, 
H(C-5), H(C-6) of benzothiazole, ./ = 8.4, 8.3 Hz); 8.05 (d, 
I H, H(Cb), 3,/tran s = 15.6 Hz); 8.09 and 8.18 (2 d, 2 H, 
H(C-7), H(C-4) of benzothiazole, ./ = 8.4, 8.3 Hz); 8.20 (d, 
I H, H(C-2) of benzocrown, JH(2),H(6) = 1.8 Hz); 8.51 (d, 
I H, H(Ca), 3Jrmra = 15.6 Hz). Found (%): C, 54.89; H, 6.27; 
N, 2.14. C28H35NOgS2-H20. Calculated (%): C, 54.98; 
H, 6.10; N, 2.29. 

trans-2-[2-(2,3,5,6,8,9,1 I ,  12, 1 4 , 1 5 - D e c a h y d r o -  
! ,4,7,10,13, ! 6-hexaoxabenzocyclooctadecin- 19-yl)ethenyl] - 
3-(4-sulfobutyl)be~othiazolium betaiue ( ld)  was synthesized 
similarly to compound lb, yield 42 %, m.p. 185--187 °C. 
IH NMR (CD3CN, 400 MHz), 6:2.09 (m, 2 H, CH2); 2.27 
(m, 2 H, CH2); 2.88 (m, 2 H, CH2SO3-); 36--3.73 (m, 
12 H, g,r ' ,  6,6", c,e '-CH20); 3.89 and 3.97 (2 m, 4 H, 
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[3,IB'-CH20); 4~30 (m, 2 H, a ' -CH20) ;  4.58 (m, 2 H, 
{x-CH20); 4.93 (m, 2 H, CH2N); 7.09 (d, 1 H, H(C-5) of 
benzocrown, JH(5).HI6) = 8.4 Hz); 7.38 (dd, I H, H(C-6) of 
benzocrown, JH(6),H(5) = 8.4 Hz, JH(6),H(2) = 1.8 Hz); 7.74 
and 7.84 (2 m, 2 H, H(C-5), H(C-6) of benzothiazole, J = 
8.5, 8.0 Hz); 8.01 (d, I H, H(C.b) , 3Jtram = 15.6 Hz); 8.08 
and 8.18 (2 d, 2 H, H(C-7), H(C-4) of benzothiazole, J = 
8.5, 8.0 Hz); 8.27 (d, I H, H(C-2) ofbenzocrown, JH(2),H(6) = 
1.8 Hz); 8,48 (d, I H, H(C.a), 3Jrram = 15.6 Hz). Found 
(%): C, 57.26; H, 6.02; N, 2.39. C29H37NOgS 2. Calculated 
(%): C, 57.31; H, 6.14; N, 2.30. 

Preparation of photoproducts 8c, 9c, u d  e / s - lc  (general 
procedure). A solution of CSD lc (C L = 2-10 -3 tool L -I) 
and Ca(CIO4) 2 ( C  M = 2.l" 10 -3 tool L -I) in MeCN was 
irradiated with a DRSh-250 mercury lamp at k = 365 nm for 
I day. After that the solution was additionally irradiated with 
light at ;~ = 436 nm for 10 min, and MeCN was evaporated 
in vacuo. 

l ,c /s-  3-di[3 - (3 - Sulfopropyl)benzothiazolium - 2-yl 1- trans- 2 - 
trmts--4-di(2,3,5,6,8,9,11,12,14,15-decahydro- ! ,4 ,7 ,10,13,16-  
hexaoxabenzocyclooctadecin-19-yl)cyciobutane dibetaine (8c).  
IH NMR (CD3CN+D20 (5 %), 400 MHz), 6 :1 .73  (m, 
4 H, 2 CH2); 2.26 (m, 4 H, 2 CH2SO3-); 3.80 (m, 8 H, 
2 e,e '-CH20); 3.70--4.45 (m, 32 H, 2 ct,ct', I~,13", g,r ' ,  
6,6'-CH20); 4.27 (t, 2 H, H(C-2), H(C-4) of cyclobutane, 
3JH(2),H(I ) = 3JH(2),H(3 ) = 3JH(4),H(I ) = 3JH(4),H(3 ) ---- 9.85 Hz); 
4.40 (m, 4 H, 2 CH2N); 5.02 (t, 2 H, H(C-I) ,  H(C-3) of 
cyclobutane, 3JH(i),H(2)=' 3JH(I),H(4 ) = 3JH(3),H(2 ) = 
3JH(3),Hc,4) = 9 . 8 5  H z ) ;  7.22 (d, 2 H, 2 H(C-5) ofbenzocrown, 
JH(5),H(6) = 8.4 Hz); 7.37 (d, 2 H, 2 H(C-2) of benzocrown, 
JH(2),H(6) = 1.9 Hz); 7.68 (dd, 2 H, 2 H(C-6) ofbenzocrown); 
7.85 and 7.92 (2 m, 4 H, 2 H(C-5), 2 H(C-6) of 
benzothiazole, J = 8.5, 8.1 Hz); 8.19 and 8.33 (2 d, 4 H, 
2 H(C-7), 2 H(C-4) of benzothiazole, J = 8.5, 8.1 Hz). 

l,tram-3-di[3-(3-Sulfopropyt)benzothLtzoUum-2-Yll-trmts- 
2-c/s--4-di(2,3,5,6,8,9,11,12,14,15-decahydro- 1,4,7,10,13,16- 
hexaoxabenzocyclooctadecin-19-yl)eyelobutane dibet~ne (9c).  
IH NMR (CD3CN+D20 (5 %), 400 MHz), 5:3.70--4.45 
(m, 40 H, 2 ct,ct',13,13",r,~,',a,a',E,e'-CH20); 5.30 (m, 2 H, 
H(C-2), H(C-4) of cyclobutane, 4JH(2) ,H(4 ) = 0 .58" I "0 .01  H z ;  
5.67 (m, 2 H, H(C- I ) ,  H (C -3 )o f  cyclobutane, 3,/H(3),H(2 ) = 
JJH(1).H(4) = 7.74+0.01 Hz, 3JH(i).H(2 ) = 3JH(3),H(4 ) 
I0.54+0.01 Hz, 4JH(1) ,H(3 ) = 0.60-I-0.01 Hz); 6.90 (d, 2 H, 
2 H(C-5) of benzocrown); 7,17 (dd, 2 H, 2 H(C-6) of 
benzocrown); 7.32 (d, 2 H, 2 H(C-2) of benzocrown); 7.78 
and 7.82 (2 m, 4 H, 2 H(C-5), 2 H(C-6) of benzothiazole); 
8.09 and 8.32 (2 d, 4 H, 2 H(C-7), 2 H(C-4) ofbenzothiazole, 
J = J = 8.2 Hz). We were not able to make an unambiguous 
assignment of the protons of CH2, CH2SO3-, and CH2N 
groups since their position is masked by the corresponding 
protons of compounds 8e and c/s-le. 

c i s - 2 -  [ 2- ( 2 , 3 , 5 , 6 , 8 , 9 , 1  1 , 1 2 , 1 4 ,  ! 5-  D e c a h y d r o -  
! ,4 ,7 ,10,13,16-  hexaoxlbenzocycloocladecin- 19-yt)ethenyl]-3- 
(3-sulfopropyl)benzothiazolium betaine (cis-lc). IH NMR 
(CD3CN+D20 (5 %), 400 MHz), 8:1.51 (m, 2 H, CH2); 
2.62 (m, 2 H, CH2SO3-); 3.7--4.45 (m, 16 H, 
ct,ct',~,13',y,¥',8,8'-CH20); 336 (m, 4 H, E,E'-CH20); 4.50 
(m, 2 H, CH2N); 6.81 (dd, I H, H(C-6) of benzocrown); 
6.87 (d, I H, H(C-5) of benzocrown); 6.87 (d, I H, H(C-a), 
3Jei ~ = 120 Hz); 7.14 (d, I H, H(C-2) of benzocrown, 
JH(2).acbl = 1.8 Hz); 765 (d, I H, H(C-b), 3Jc, s = 12.0 Hz); 
7.83 and 7.91 (2 m, 2 H, H(C-SL H(C-6) ofbenzothiazole); 
8.18 and 825 (2 d, 2 H, H(C-7), H(C-4) of benzothiazole, 
J = 8.2, 8.5 Hz). 

i ,eis- 3-di[ 3-( 4-Sulfobutyl)benzothlazollum- 2-yl l-trans- 
2 - t r a R s - 4 - d i ( 2 , 3 , 5 , 6 , 8 , 9 ,  I 1 , 1 2 , 1 4 , 1 5 - d e c a h y d r o -  
1,4,7, I 0,13,16 -hexaoxabenzocyclooctadecin- ! 9-yl)cyclobutane 
dibetalne (Sd). A solution ofCSD Id (C L = 2 • 10 -3 tool L -I) 
and Ca(CIO4) 2 (C M = 2.1-10 -3 tool L -I) in MeCN was 
irradiated with a DRSh-250 mercury lamp at ~. = 365 nm. 
After complete comsumption of the dye (spectrophotometric 
control) MeCN was evaporated in vacuo. IH NMR 
(CD3CN+D20 (5 %), 400 MHz), 6:1.18 (m, 4 H, 2 CH2); 
1.50 (m, 4 H, 2 CH2); 2.25 (m, 4 H, 2 CH2SO3-); 3.82-- 
3.98 (m, 24 H, 2 g,~, ' ,6,8 ' ,c ,e ' -CH20);  4.07 (2 m, 8 
H, 2 tB,I3'-CH20); 4.32 and 4.62 (2 m, 8 H, 2 a,{x'-CH20); 
4.36 (m, 4 H, 2 CH2N); 4.41 (t, 2 H, H(C-2), H(C-4) of 
cyclobutane, 3JH(2LH(I) = 3JH(2),H(3 ) = 3JH(4),H(I ) = 
3JH(4),H(3 ) = 9.73 Hz); 5.01 (t, 2 H, H(C-I), H(C-3) of 
cyclobutane, 3JH(I),H(2 ) = 3JH(I),H(4 ) = 3JH(3),H(2 ) = 
3JH(3),H(4 ) = 9.73 Hz); 7.18 (d, 2 H, 2 H(C-5) ofbenzocrown, 
JH(5),H(6) = 8.5 Hz); 7.50 (dd, 2 H, 2 H(C-6) ofbenzocrown, 
JH(6),HC5) = 8.5 Hz, JH(6),HO)= 1.8 Hz); 7.59 (d, 2 
H, 2 H(C-2) of benzocrown, JH(2),H(6) = 1.8 Hz); 7.83 and 
7.90 (2 m, 4 H, 2 H(C-5), 2 H(C-6) of benzothiazole, J = 
8.5, 8.2 Hz); 8.10 and 8.31 (2 d, 4 H, 2 H(C-7), 2 H(C-4) 
of benzothiazole, J = 8.5, 8.2 Hz). 
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