
ХИМИЯ  ГЕТЕРОЦИКЛИЧЕСКИХ  СОЕДИНЕНИЙ . —  1994. — Nt 2. — C. 147  — 172 

Wanda Sliwa 

THE REACTIVITY 
OF N-SUBSTITUTED AZAAROMATICS 

In the present review dealing with the reactivity of N-substituted azaaromatics their 
reduction as well as reactions proceeding on ring carbon atoms and on nitrogen atom are 
described; also the reactivity of porphyrins and of complexes possessing these systems is 
reported. 

N-substituted azaaromatics deserve an attention in view of their interesting 
reactivity [1-10 ] and biological activities [11-16 1; they may serve as 
intercalators of nucleic acids, this fact being connected, with the search for 
antineoplastic agents [17-19]. These compounds find application in redox 
systems [20-261 promising in the study of biomimetic processes [27, 28 ] and 
in solar energy conversion and storage [29, 30 1; some among them may be used 
as dyes [31-34] and surfactants [35-38]. Polymers possessing such systems 
show interesting properties and inclusion complexes where N-substituted 
azaaromatics play the role of a host or of a guest may be used in molecular 
electronic devices [43-46]. 

N-substituted azaaromatics are widely applied in organic syntheses 
[47-50]; their cyclization reactions [51-55 1 and especially cycloaddition 
reactions of ylides generated from these salts [56-631 are convenient 
approaches to polycyclic systems, often difficult to obtain on other routes. 

As cyclization reactions of N-substituted azaaromatics are a large topic, they 
are not included here.. 

The present paper, a continuation of our foirer reviews [64-67] and 
experimental papers [60-63, 68-70 1 deals with the reactivity of N-substituted 
azaaromatics. 

There will be described: 
1 — reduction of N-substituted azaaromatics, 
2 — reactions of N-substituted azaaromatics proceeding on ring carbon atoms 

and on substituents at the latter, 
3 — reactions of N-substituted azaaromatics proceeding on nitrogen atom 

and on substituents at the latter, 
4 — reactions of porphyrins bearing N-substituted azaaromatic moieties, 
5 — reactions of complexes of N-substituted azaaromatics. 

1. REDUCTION OF N-SUBSTITUTED AZAAROMATICS 

From numerous reduction reactions of N-substituted azaaromatics leading to 
dihydro- [47, 71-73], tetrahydro- [74, 751  or hexahydroderivatives [74-77]. 
chosen examples will be described. 

The results Of the reduction of pyridinium salts (I) are strongly dependent 
on the nature of the reducing agent, e.g. the reaction of I with sodium dithiorlite 
affords 1 ,4-dihу dгоруг idinе s (II) while the palladium catalyzed hydrogenation 
gives rise to tetrahydropyridines (III) [ 78 1. 
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An example  of the reduction of pÿrid iuinm 
dihydropyri'Hnes is the following reaction [791. 

Ph 	 Ph 

Et00C CONHAr 	
Н  

HtOOC CONHAr RNHCO COOEt 

лт  
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* 'Me J* Ме  N Ме  + Ме 	Ме  
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Salts IV reduced with sodium borohydride afford tetrahydropyridines V, 
useful in the synthesis of monoamine oxidase B inhibitors [80]. 

R1 	 R1  

R= Ме , -СН 2  СН =СН 2, -CHZ С =СН , Pr, cyclopentyl 

R1  = Ph, -CH= СН ,, -CН =СН -Ph 

The reduction of salts VI with Н 2/Pt02 leads to piperidine derivatives VII 
[81 ]. 
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- In the study of NAD+  models reduction of 1-benzyl-3-cyanog п iпо linium ion 
by phosphonate dianion was examined. The reaction was performed in aqueous 
propanol; the main product is 1,4-dihydroquinolin е  VIII with a trace of 
1,2-isomer [73, 82]. 

VIП  

A considerable attention deserve viologens, compounds widely applied as 
mediators in catalytic photolysis of water and as redox indicators in biological 
systems [b4, 83]. 

Among numerous reduction reactions of viologens [84-87 ] it should be 
mentioned the cathodic reduction of compounds IX—XII investigated by cyclic 
voltammetry and spectroelectrochemistry; the reduction of these quaternary salts 
is easier than in the case of corresponding free bases [88]. 

X 

N -N  ' N- +\,+ 

Х I XII 

It was found that the reduction of dialkyl v ologens by sodium thionite is 
influenced by the presence of polyelectrolytes, e.g. poly(styrenesulphonate). 
Polyelectrolytes stabilize the long-chain radical cations foimed in the reaction. 

The dimerization of dialkyl viologens XIII was investigated in the presence 
and in the absence of polyelectrolytes. The interactions leading to the association 
of the reduced species increase with the length of the alkyl chains, i.e. with the 
hydrophobicity of viologen molecules. The dimerization of reduced species 
derived from viologens of long alkyl chains decreases in the presence of 
polyelectrolytes [89-94]. 

ХП I 

R = С 4Н 9, С 7Н 1v С 8Нг 7 

In the study of solar energy conversion and biomimetic processes, intra and 
intermolecular photoinduced electron transfer reactions of bis-quateruary salt 
XIV solubili7ed in micellar solutions of a hexadecyltrimethylammonium chloride 
were examined [95 j. 

In XIV the viologen fragment acts as an electron acceptor and the pyrene one 
is a photos ensitizer. The rate constants of the intrrmolecular electron-transfer 
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reactions are determined by molecular conformation of XIV in micelles, while the 
rate constants of the intermolecular photoinduced electron-transfer between 
1-hexylpyrene and dodecylviologen are determined by the diffusion of XIV in a 
micelle [95]. 

The reaction of metmyoglobin XV with viologen XVI results in XVII. 

о  
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It was established that XVII undergoes a facile reduction with dithionite to 
give deoxymyoglobin, a Fe (II) form of myoglobin. The rate of the redûcti о n is 
higher than that of native metmyoglobin; the reduction of the attached viologen 
is followed by the rapid electron transfer from the viologen radical cation to the 
here iron center [96]. 

Examples of other reactions of N-substituted azaaromatics, leading to 
dihydroderivatives will be also presented here. 

sn(Pr-i) 3  
R*OCOC1 
—* 

 

 

XXI 
	 ХХ  

ХХа  R` = (–)-8-(4-pheв oьyphenyl)menthyl 

XXb R# = (–)-8-phenyhnenthyl 
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Two asymmetric syntheses of 1 - асу l-2-а lКу l- 1 ,2-dihу dгоруг idiпе s XVIII 
and XIX have been performed by the addition of G rignard reagents to chiral 
1-acylpyridinium salts XX. 

In the following process stannane XXI was used as the starring material, as 
the .triisopropylstannyl group is bulky enough to block attack by the Grignard 
reagent at the C-2 and C-4 positions and may be easily removed with oxalic acid. 
Chiral 1-acylpyridinium salts XX were obtained in situ from XXI and the 
enantiopure chloroformate XXII. 

Reaction of XX with a Grignard reagent and the subsequent treatment with 
silica gel containing oxalic acid yield chiral 1 ,2-d Л iу dгоруг idiпе s XVIII and XIX. 
The diastereoselectivity of the above reactions ranged from 76 to 92%. 

In the next experiment the chiral pyridinium salt XXT*, prepared in situ from 
4-methoxy-3- (triisopropylsilyl) pyridine and (-) -8-phen у Imenthу l chloroformate 
was treated with Grignard reagent to afford dihydropyridone XXIV in high yield. 

ОМе  

R* = (—)-8-phenylmenthyl 

These studies are important for the enanthios elective synthesis of various 
alkaloids via chiral 1-acyl-I ,2-dihу dго pуг idiпе  intermediates [97]. 

The modified Hantzsch reaction of pyridinium salts XXV with 
enantinocarbonyl derivatives provides N-unsubstituted 1,4-dihydrepyridines 
XXVI [9.8]. 

R1  =  CN,  COMe, COOMe, COOBu -t 

R = alkyl, Ph, 2-furyl, 2-thienyl 

Pyridinium salts XXVII react with indoles to give 1,2- or 1,4-dihydrop у ridines, 
respectively, depending on the procedure used as shown below [99-101]. 
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IvIeONa/MeOH 

NaH/DMSO 

NH, + 	 ,NH2  
СН 	* * CH 

N \( N 	 N NCN 
1 	 1 
R 	 R 

XXXII 	 mm  

ХХ IX 

R  =  Н , Ме  

Y = СНО , СОМе , СООМе  

СН (sMe) 2  

Y = С HО , СОМе , СООМе , —СН =СНСООМе  

R =  Н , Ме  

Reactions of pyridiг ium salts XXVIII with anions derived from dithioacetals 
XXIX and a-amino uitriles XXX give dithioketals XXXI or a mixture of 
dihydropyridylindoles XXXII and XXXIII respectively [102-105]. 

Compounds XXXI are interesting as precursors of 2-acylindale alkaloids, 
while XXXIII are promising as calcium antagonists. 

The chiral N-acylisoquinolinium salt XXXIV obtained in situ by treatment of 
isoquinoline with (-) -8-phenу lmenthyl chloroformate reacts with Grignard 
reagents to give a mixture of diastereoisomeric 1,2-dih у droisogп inoliле s XXXV 
and XXXVI [10.6 ]. 
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Investigating electron-transfer reactions it was observed that 10-
methylacridinium ion treated with hydroquinone dianion yields the di nier 
XXXVII and p-benzôquinone [107, 108]. 

о - 

XXXVII 

In the study of NAD+/NADН  system, the reaction of 10 -methylacridinium 
perchlorate with a series of tertiary amines was investigated. The process 
depends strongly on the bulkiness of amines 

In the case of N N-diniе thylaniin е s, referred to as the type 1 amines, i. e. 
М e2NСН RR1  (R, R* = Н , Р hСН 2) , the products are 10-methyl-9,10-dihydro-
acridine XXXVIII, N-methylacridone XXXIX and ketone RR 1С =0. 

** I® N 
1 
Me 

® * 
R, R1 = Ме , PhCH2 	 j 

(type 1 amine) 	 Me 

ХХХ Vш  

+ 
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In the case of more bulky amines, referred to as the type 2 amines, i. e. 
Et2NC$RPh (R = H, Me), the reaction leads also to XXXVIII, along with salt 
XL. 

EtNCHRPh 

Et2N—CHRPh 
XXXVIII + 

 

  

R  =  Н , Ме 
 (type 2  amine)  

 

N 
1 
Ме  

XL 

The predominant mechanism involves the primary formation of the adduct 
XLI dissociating into the acridinyl radical XLII and an aminium cation radical 
XLIII. 

The subsequent hydrogen-atom transfer from XLI to XLII affords XXXVIII 
and the radical cation XLIV, which releases one of the substituents as a free 
radical to give XL. For the type 2 amines XL is the end product, and for the type 
1 amines it is hydrolyzed to the acridinone XXXIX [109, 110]. 
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+ R1R2R3N 
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2. REACTIONS OF N-SUBSTITUTED AZAAROMATICS PROCEEDING ON 
RING CARBON ATOMS AND ON SUBSTITUENTS AT THE LATTER 

To reactions of N-substituted azaaromatics proceeding on ring carbon atoms 
belong processes leading to cyanine dyes [32-34 1; chosen examples will be 
described here. 

Treatment of pyridininrn and quinolini п m salts XLV and XLVI with 
phthalaldehydes affords photosensitive dyes XLVII and XLVIII, respectively 
[111, 112 1. 

R = H, alkyl, aralkyl; R 1  = H, lower allу l; X = anion 

Among other reactions of N:substituted azaaromatics proceeding on ring 
carbon atoms the regiospecific addition of benzylic Grignard reagents to 
pyridininm salts should be mentioned [113]. 

 

Н 2  

 

R =H, Ме ; R1  = H, 2::-Ме , 4-Ме , 4-1-Bu 	*N 

The addition of benzylc zinc cuprate XLIX to pyridinium salts L and the 
subsequent oxidation with sulfur lead to benzylpyridines LI. This highly 
regios elective reaction proceeds via the intermediate 1,4-dihydropyridine LII 
[114-118]. 

R =  Ме , С 1 „ Br, С HО , СООМе  

LI 

156 



The arylation of the salts LIII with phenyltrsopropoxytitanum afford 
pyridines LIV in a completely regioselective manner [119]. 

Ph 

N* 	С 1-  
! 

СООСН 2  i—Pr 

LIlI LIV 

R = Н  CN 

Following reactions of pyridylpyridinium chloride LV have been performed 
[120, 121 1. 

The alkaline hydrolysis of 4-cyanopyridinium halides LVI gives rise to two 
products, N-alkyl-4-pyridnne LVII and N-alkyl-4-carbamoylpyridinium LVIII. 

  

о *С .NН , 

он - 
i  + CN-  + 

 

1 
R 

LVц  

 

R = rz-C 6H17, п -С 1,Н ,5, Х = Cl,  Br, 1 

Micelles of cetyltrimethylammonimu bromide and 3- [N,N,N-dimethyl-
(dodecyl) animonium ]propane-1 -suiphonate catalyse the hydrolysis of LVI and 
increase the ratio LVII/LVIII [122-128]. 

In the search for surface-active compounds, the irradiation of 
1-alkyl-4-pyridiniо methylphosphonates bearing long alkyl chains in alkaline 
aqueous media was examined. The observed C—P bond cleavage results in 
1-alkyl-4-methylpyridinium phosphates [129, 130]. 

156 



+ 

Ме  

k*СООМе  

1 
Ме  

LIX 	 LX 

НО - /\ ,СООМе  Н г
o

* 

НО  * СООМе  
*►  

  

 

О 2  

 

   

   

N* ОМе  
1 
Ме  

R 	

1

*R  

N*+' N 
N 
i 
C- 

NC
— 
 *CN 

Lx1v 

. 

(Nн 4),в 2о s/нсо Nн , 	
R 'R 

ÇoNx2  
1 

N* 'N 
N 

Сн ,(cN), 
MeCN 

• сн (cN)2  LXП I 

R ^ R1  

NN

Iv  

N 

o 
Nc./,cN 

NC CN 

hv !+ 
сНз (сяг )в  N»  / сНз  

 

n = 0,7,9,11,13,15,17 

It was established that the photoreaction of 3-m е thoxycarbonyl-1-
mе thylpyridiп ium perchiorate carried out in methanol under nitrogen affords 2-
and 4-methyl substituted pyridinium salts HX and LX, whilé in the presence of 
oxygen the product of the reaction is the unstable salt LXI, converted 
immediately into pyridone LXH. The mechanism of the methylation under 
nitrogen is proposed [131, 132]. 

LXI 
	

LXII 

The investigation• of the H/D exchange in 1 ,2,4-t г iше thу lруг idiп ium 
perchlorate has shown that the rate of isotopic exchange of 2-methyl group is 
higher than that of 6-methyl group [133]. These results were confirmed by 
MND®, ÀM 1 and Р M 3 calculations. 

The introduction of substituent in the 5 position of triazines LXIII was 
performed by their converting into salts LXIV and the next radical nucleophilic 
carbamoylation followed by the elimination of dicyanomethylene [134-137]. 
Carbamoyl radical was generated using ammonium persuifate as a radical source. 

The direct reaction of LXIII with nucleophiles would be impossible because 
of their instability in erotic medium. 

R, R1  = Me, Et, Ph 
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З .  REAСТ IONS OF N-SUBSTITUTED AZAAROMATICS PROCEEDING ON 
THE NITROGEN ATOM AND ON SUBSTITUENTS AT THE LATTER 

А nюп g reactions of N-substituted azaaromatics proceeding on the nitrogen 
atom their dehydrohalogenation leading to ylides will be described, e. g. the 
dehydrobromination of pyridaziniurn bromides LXV in aqueous alkaline solution 
affording ylides LXVI [138]. 

R 

I *
лТ  

В  
N + ..' СН 2СО 	 ' оме  

Вт  
R = H, 4-Ме -С 6Н 4, 4-C1-C6H4 

LXV 	 LXVI 

Other example of dehydrobromination is the following reaction. 

КОН  аде . 

Г 1* 	Вт -  
1 
СН ,СН -СН , 

- 1 	1 	-  
Br Br 

 

1V* 	Br 
I 
CH,-CH=CHBr 

The hydroxide ion catalyzed elimination of pyridines from pyridinium 
cations LXVII was studied and its rate constants measured [140-143]. 

\+ 
/ \N—СН ,СН ,У  

Х \—/ 

LXVH 

Он - 
 ► 	

I/\\ 
N + СН ;—С HY +  Н 20  

Х -\=/  

X= Н , 2-Ме , 3-Ме , 4-Ме , 2-Cl; Y= CN, NO, 

It was established that the following reactions of pÿridinim y]ide LXVIII are 
regier-  and stereoselective [144-1461. 
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•Pyridinium iodides LXIX react with dithiacyclohexenes LXX in the presence 
of 4methylmorpholine to give pyridinethiolates LXXI. The reaction proceeds via 
corresponding pyridinium ylides [147]. 

NHZ  

CN 

R= 4-FC6H4, 4-C1C6H4, 4-BгС 6Н 4; Y= O, S 

Treatment of pyridinium chloride LXXII with hydrazides and subsequent 
hydrolysis of the product affords pyridinium N-imhioylides LXXIII [148]. 

1. R'-CONHNH, 

2. hydrolysis H2O/dioxane 

NO2  

 

R, R1 = H, Ме ; R' = Ph, 2-, 3-, 4-py г idyl 

Hydrazido pyridinium salts LXXIV are starting materials for the easy 
synthesis of N,N`-diaminohydantons; the following, rather unexpected 
mechanism of this process is proposed_ 

LXXII 

О  
*' СН —С * 

— 	\/ 
N' 	 N 

1 	— 	 ' 
СН —СО —N—NHCOO1VIe 	

NHCOOMe 
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N 
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Ar—CH—CONHNHCOONIe 

 

LXXIV 

  

  

Ar = 4—МеС 6Н 4  
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Ph 

юг  

LXXVH 

д  R=R1 = н ; bR=x,R1 = Ме ; cR= сМе , А 1 = Н ; dR=H,R1 = с 1 

Mel 
I- 

Ph 

The key step in the reaction is the nucleophilic ring opening  of the aziridinone 
LXXV by the betaine LXXVI. Substituents of amino groups of the obtained 
hydantoin may be different [149, 150]. 

In the study of pyridinium phenoxide betaine dye LXXVIIa, the standard for 
determination of Ет (30) values [151, 152 ] the methylat on of betaine LXXVIIb 
by iodomethane in different solvents, leading to the salt LXXXIII was examined. 

The reaction is of the pseudo-first-order; the effect of R, R 1  substituents can 
be described by a modified Hammett equation [153]. 

The salts LXXIXa—d and LXXX obtained by a quaternization reaction 
[154-157] were treated with anion-exchange Amberlit е  IRA-401 resin (OH 
form), [158 ] generating a necessary basic reaction medium to give betaines 
LXXXIa—d and  LXXXП  [159-165]. 

Amb ех lite,IRA-401 
(OH-  form) // 

	** 	N 

c, \N—сН 2- * 

\ 	* 	N 

 

LXXIX 	 LXXXIa-d 

дА =R1 = Н ; bR=Me,R1 =F3; cR=H,R1 = нМе ; dR=Me,R1 = НМе  

( ' N—СН 2-(  
N*лт  
н  

Amberlite IRA-401 
(OH-  form) < \

\+ Т  

N—сн 2-( " 

 

Lxxx 
	

LXXXII 

The formed betaines have high dipole moments; it was shown that their 
dipole moments calculated by AMI method are closer to experimental values than 
those calculated by MNDO method [159]. 

Cyclopropene derivative L.XXXIII reacts with 4- (dimethylamino) pyridine 
(DMPy) to yield a very stable allylic anion LXXXIV. The reaction of LXXXIII 
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/PY+DM 

*  
ДМРу + 	Ру +DM 

4С 1- 

4Х -  

DMPy+Г*Ру +DM 

LXXXIII 

с H=CH, 

` 	 polymerization 
" 	 1 

* ‚N-Сн ,вгме , овгме 3  
+ 

1 
	 r 

Ме  

LXXXVII 	 —СН —СН 2 

—С H—СН ,- 

* *N—CH,SiMe20siMe3—_  
+ 

I-  
Ме  

LXXXVIII 

with other nucleophiles (e. g. PPh3 or CN) proceeding via cyclopropyl anion 
intermediate LXXXV affords cyclopropene LXXXVI [166]. 

DMPy+  y+DM 	 DMPy+  Ру +DM 

и 
  

DMPy+VPy+DM ** DMPy} - 	РУ +DM 	DMPy+ 	Ру +DM 

LXXXIV 

NМе 2  

Х  = С 1, PF6; Nu = PPh„ CN; DMPy = 

In the study of polymers bearing N-substituted azaaromatics, the 
polymerization of the monomer LXXXVII, leading to a water .  soluble 
polyelectrolyte LXXXVIII was performed. The treatment of LXXXVIII with 
alcoholic potassium hydroxide results in the fo гш atiоn of the stake ylide 
LXXXIX. . 

КОН  _ 

-HI 
I 
N—CHsiMe,osiMe3  
+ - 

Ме  

LXXXIX 

Due to the presence in LXXXIX of two electron donor centers — the ylide 
methine group and the siloxane oxygen atom it reacts with acids and with 
transition metal chlorides [41, 167]. . 
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- = С 1-, Ас 0-, (NO2)г С 6Н г 0-  

MCl2  

м 2  = Со 2+ , Си 2+  N—CHSiIv1e2  OS1Me3  

1VIС 1, 	МС 1, 

Ме  

- + 
СН —N ' 

H  

Ме  

Me3Si0SiMe2  

—GTI2 С i3— MCl2 	MCi2  

—СН —СН ,—. 

—СН —СН 2 

N—CH2SiMe20SiMe3  
+ 

У -  
Ме  

HY 

4. REACTIONS OF PORPHYRINS 
BEARING N-SUBSTITUTED Л ZAAROMATIС  MOIETIES 

Porphyrins — free bases and metalloporphyrins bearing N-substituted 
azaaromatic moieties, especially viologens, are of interest as redox systems 
[168-176]. 

Examples of viologen linked porphyrins are LXX and LXXI, converted by 
treatment with ZnС 12 into their zinc complexes. 

Ме  

LXX 

It is expected that in meta-compounds like LXX, the electron transfer from 
the porphyrie system to the viologen would be more rapid than in the case of 
para-compounds, like LXXI, due to the conformational effect [177]. 
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М e 

LXXI 

Water soluble, cofacial quadruply aza bridged bisporphyrins LXXII react with 
zinc diacetate to give corresponding bis-zinc complexes [178- 180]. 

It should be mentioned here also ion pairs. between. N-substituted 
azaaromatics LXXIII-LXXV and negatively charged zinc ineso-tetrakis (4-
snlfonatophenyl)porphyrin.formed spontaneously in water [181 }. 
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N 	 N 
1 	 1 
Me 	 Ме  

Me 
1 
N 

*+ 

LXXVI LXXVH 

NH, 

LXXIII 
	

LXXIV . 	 LXXV 

The illumination of the ion pairs results in rapid electron transfer to form 
radical ion pairs decaying via charge recombination without dissociation [18, 
181 ]. 

• 5. REACTIONS OF COMPLEXES OF N-SUBSTITUTED AZAAROМ ATIС 5 

Numerous complexes of N-substituted azaaromatics are known [182-185] 
some examples will be described here. 

Cationic dyes LXXVI—LXXVШ  interact strongly with anionic surfactants 
such as sodium octyl sulphate and sodium dodecyl sulphate even at very low 
concentrations (far below the cmc) [186]. The interaction products are 
protonated ion pairs induced by hydrophobic force. 

LXXVц I 

The photolysis of EDA complexes between methyl viologen (Mц г +) as 
acceptor and (Z) -stilbene or (E) -stilbene as donors has been performed in 
ethanolic and in micellar sodium dodecyl sulphate solutions, in the presence of 
oxygen. 

It was shown that the stilbene loss quantum yields are influenced by М V2+ 
 concentration and the acidity of media [187]. In the reaction mechanism the 

superoxide ion radical О 2 as an intermediate is proposed. . 
In the study of EDA complexes of viologens with xanthene dyes it was 

established that MV2  forms with eosin 1: 1 complex[*Eo 2  —MV2+  ], while in the 
case of Rose Bengal two complexes, i.e. [RBS--MV } ] and [RB2--MV2+-- 
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RВ 2  ; М V2  ] are formed; in the latter one М V2+  unit is intercalated between two 
RB2  units, and the second М V2}  unit is situated outside this sandwich structure. 

similar Eo2  —BV2+—Eo2  ; BV2+  complex was obtained from benzylviologen 
and eosin [188-191]. 

The Si02 colloids separate ground-state complexes of bipyridi п ium-
xanthene dyes by electrostatic interactions [191]. 

Azobenzobipyridinium diads (E) —LXXIX  and (Z) —LXXIX form 1: 1 
complexes with eosin, which have different association constants, this fact being 
due to the photoinduced isomerization of LXXIX and change of its dipole moment 
[188, 192].  Compounds (E)—LXXIX and (Z)—LXXIX show photochromic 
properties; (E) --LXXIX irradiated with Л . = 366 nm isomerizes into (Z) —LXXIX 
which at the irradiation with Л . > 400 nm is again converted into (E) —LXXIX 
[188, 192]. 

1= Зббти  

 

* > 400nm 

N=N 

(Z)-LXXIX 

Having in view the rapid development of the host-guest chemistry, a special 
attention should be paid to host-guest complexes of N-substituted azaaromatics, 
where they play the role of a host or of a guest. 

A great variety of systems where N-substituted azaaromatics serve as host 
molecules is known [193-1951; examples are complexes of cyclobis 
(paraquat-p-phenylene) tetracation LXXX incorporating isomer ic dimethoxy-
benzenes [196, 197],  tetrathiafulvalene [198 ] or amino acids with electron-rich 
aromatic moieties, e. g. tryptophan, tyrosine and phenylalanine [199]. 

LXXX 

Among numerous systems where N-substituted azaaromatics are guests 
[200-202] the complex of, paraquat and bis-para-phenylene [34 ]crown-10 
LXXXI [203, 204 1 may be described. 
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A subject of current interest are rotaxanes and catenanes where onë unit is 
the N-substituted azaaromatic; a historical view an the development of these 
fascinating systems is given in ref. [205]. 

An example of a [2 ]rotaxane is LXXXII, obtained in the following way [206]. 

/* 
ОfOJ Оf0 

f 

О*О*О*О  

LXXXII 

_+ 
м QK 

  

  

The tetracation LXXX may be compared to a bead, and the polyether chain 
to a thread; the bulky adamantyl groups serve as stoppers, preventing the bead 
from slipping off, among stoppers may be mentioned also tnisopropylsilyl groups 
[206 ] or free-base retaliated tetraarylporphyrins. 
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An example of а  [2 ]catenane is LXXXIII synthesized in the following  
reaction [193, 199, 205,  207]:  

Numerous kinds of rotaxanes and catenaries are known [44, 45, 207-209]; 
their interesting property is the ability to behave like molecular shuttles or trains, 
i. e. in rotaxanes the bead moves to and fro along the thread, and in catenaries it 
makes a «course» around the polyether cycle; self-assemblies of this kind may be 
applied in molecular devices addressed photochemically [45, 205, 208, 210, 211]. 
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