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14.* UNSYMMETRICAL PYRYLOCYANINES BASED ON 

2,3-POLYMETHYLENE-4,6-DIPHENYLPYRYLIUM SALTS 

M. A. Kudinova, N. A. Derevyanko, 
A. A. Ishchenko, and A. I. Tolmachev 

UDC 547.812.5.821.3:541.651:668.8 

Unsymmetrical 4,6-diphenylpyrylo-2-carbo- and dicarbocyanines, as well as the anal- 
ogous pyridocyanines, containing 3-ethylbenzothiazolium and 1,3,3-trimethyl-3H- 
indolium residues and an ethylene or trimethylene bridging grouping between the 
position of the polymethine chain and the B position of the pyrylium or pyridinium 
residue were synthesized. The introduction of bridging groups is generally accom- 
panied by a bathochromic effect and intensification (in the pyrylocyanine series) 
or weakening (in the pyridocyanine series) of the fine structure of the absorption 
bands. On the basis of the deviations calculated from the centers of the absorp- 
tion bands and the dependences of the vinylene shifts and the absorption band 
widths on the structure of the dyes it was concluded that the trimethylene bridg -~ 
ing groups in the examined cases increase the electron-donor character of the het- 
erocyclic residues in the dyes more markedly than the ethylene bridging groups. 

Symmetrical pyrylo-2-, thiopyrylo-2-, and pyrido-2-cyanines in which the ~ positions of 
the polymethine chromophore are bonded to the B-carbon atoms Of the heterocyclic residues by 
ethylene or trimethylene groupings were described in [i]. For a more detailed study of the 
effect of bridging groupings on the color we accomplished the synthesis of a number of pyry- 
io- and pyridocyanines with unsymmetrical structures containing the same groupings by means 
of salts with structures I-IV. Pyrylocarbo- (V, IX) and -dicarbocyanines (VI, X) 

( C H 2 ) m  

II + ~  \ 'Ct l - -  (CH = CH) nOt2 tl~ 

I C l O , -  
Cstl s 1 - IV 

|n~O,m=2;  IIn=l.m=2~ llln=O,m=3; IVn=l .m=3  

(Table i), which contain ethylene groupings, were obtained by condensation of ethoxyvinyl- 
and ethoxybutadienyl-substituted pyrylium salts (I, II) with 1,2,3,3-tetramethyl-3H-indolium 
or 2-methyl-3-ethylbenzothiazolium salts in the same way as their analogs (VII, VIII, XI, and 
XII) with trimethylene groupings, which were synthesized by the method in [2]. Unsymmetri- 
cal pyridocyanines XIII-XX were obtained by treatment of the corresponding pyrylocyanines 
with methylamine. 

/ (CIt2)m 
x t, • 

I clo~- y~_~ I clo 4 -  Y ~  
P I R I 

V - XX C61t s XXI - XXIV C6H ~ 

X= C(CH3)2, S; Y=O, NCH~; R= CHa, C2Hs; n=l ,2  

*See [I] for Communication 13. 
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The spectral characteristics* of dyes V-XX and their analogs XXI-XXIV [3] which are not 
substituted in the chromophore chain, are compared in Table i. In comparing the average 
values of the absorption bands (M -I) it is apparent that, except for pyridodicarbocyanines 
XVI and XX, the dyes obtained, like the symmetrical dyes described in [i], are more deeply 
colored than their unsubstituted analogs; the effect from the ethylene groupings is somewhat 
greater than from the trimethylene groupings. In the pyrylocyanine series the bathochromic 
effect of the bridging groupings increases somewhat on passing from the carbocyanines to the 
dicarbocyanines, whereas in the case of pyridocyanines, on the other hand, it decreases. 

The analysis of the data presented in Table 1 is complicated by the fact that the group- 
ings under consideration have not only an electronic effect but also a steric effect on the 
absorption of light by the dyes; the steric hindrance created by these groupings differs in 
carbocyanines with symmetrical and unsymmetrical structures. Nevertheless, it seemed of in- 
terest to attempt, on the basis of the spectral data, to draw a conclusion regarding the ef- 
fect of annelated five- and six-membered rings on the "basicities" of the heterocyclic resi- 
dues in the dyes. Since the polymethylene groupings in dyes V-XX can be regarded as electronr 
donor<substituents in even-numbered positions of the chromophore, they should increase the 
"basicities" of the heteroresidues adjacent to them. However, it is difficult to state be- 
forehand which of the groups (the ethylene or trimethylene group) will have the greater ef- 
fect. It is not possible to solve this problem on the basis of the deviations (DM) of the 
synthesized pyrylocyanines, since no clear regularity is observed in the changes in this 
characteristic in this case. As we noted in [3], this is due primarily to the fact that the 
method of deviations is strictly applicable only in those cases in which the absorption bands 
of symmetrical dyes constructed from the same heterocycles as the unsymmetrical dye under 
consideration are located in the same spectral region. However, in the given case they are 
separated by a distance of more than 250 nm from one another. In contrast to pyrylocyanines, 
a distinct regularity is observed in the deviations of unsymmetrical pyridocyanines, for 
which the corresponding symmetrical dyes absorb in closer regions. In the series of these 
dyes, both substituted (XIII-XX) and unsubstituted (XXV-XXVIII), replacement of the thiazoli- 
um residue by an indolium residue, owing to an increase in the electronic asymmetry of the 
dye, and lengthening of the polymethine chain lead to an increase in the deviations. It is 
important that the deviations are greater for the dyes with cyclic groupings than for their 
unsubstituted analogs; the introduction of trimethylene groupings gives rise to a greater in- 
crease in the deviation than the introduction of ethylene groupings. These data confirm that 
annelation of both the five-membered and six-membered rings leads to an increase in the "ba- 
sicity" of the heteroring in the dyes; a six-membered ring has a greater effect. 

The observed tendency for a change in the vinylene shifts and the widths of the absorp- 
tion bands is also in agreement with the increase in the electron-conor character under the 
influence of bridging groups. The vinylene shifts should increase as the electronic symme- 
try of the dye increases, tending toward i00 nm. In fact, the introduction of bridging 
groups in pyrylothiacyanines (dyes IX-XII), in which the pyran residue is less basic, leads 
to an increase in the vinylene shift, whereas their introduction in pyridocyanines (dyes 
XIII, XIV, XIX, and XX), in which the pyridine system is more basic even without such intro- 
duction, leads to a decrease in the vinylene shift. The width of the absorption bands of 
slightly asymmetrical dyes, as in the case of symmetrical dyes, should decrease as the poly- 
methine chain becomes longer, whereas it should increase in the case of markedly asymmetrical 
dyes [4]. In fact, contraction of the bands is observed as the polymethine chain becomes 
longer in pyrylocyanines V-XII, the molecules of which are relatively slightly asymmetrical; 
the effect is greater for the less asymmetrical pyrolo(indo)cyanines. The regularity is re- 
versed in the case of pyridocyanines XIII-XX, which have considerably greater electronic a- 
symmetry as compared with pyrylocyanines: the bands become wider as the polymethine chain 
is made longer. It is important that the observed effect is greater in both series of com- 
pounds for dyes with trimethylene bridges. 

Thus it may be concluded that in the examined dyes the trimethylene groupings increase 
the electron-donor character of the heterocyclic residues more markedly than the ethylene 
groupings. Although there should not be a direct relationship between the electron-donor 
character of the indicated residues in the dyes and the basicities of the heterocycles them- 
selves, a six-membered hydrocarbon ring annelated in the 2 and 3 positions relative to the 
pyridine ring also increases the basicity of the latter to a greater degree than a five-mem- 
bered ring [5]. 

*See [i] for the symmetrical dyes. 
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In conclusion, let us note that the absorption bands of the examined pyrylocyanines with 
cyclic groupings, as in the case of the corresponding symmetrical dyes, have more resolved 
fine structures than the absorption bands of their unsubstituted analogs. This effect is 
expressed quantitatively in an increase in the coefficients of the fine structure (F), sym- 
batically with respect to which the coefficients of asymmetry (YI) and excess (Y2) also in- 
crease. In contrast to the symmetrical pyridocyanines, in the series of examined unsymmetri- 
cal pyridocyanines the observed regularity is reversed -- cyclic groupings lead to a decrease 
in the coefficient of the fine structure. 

EXPERIMENTAL 

The absorption spectra were determined with an SF-4A spectrophotometer and were pro- 
cessed as in [i]. The purity of the preparations was monitored by thin-layered chromatogra- 
phy (TLC) on Silufol UV-254 plates (elution with acetonitrile). 

2,4-Diphenyl-7-ethoxymethylene-5,7-dihydrocyclopenta[b]pyrylium Perchlorate (I). A mix- 
ture of 0.74 g (2 mmole) of 2,4-diphenyl-5,6-dihydrocyclopenta[b]pyrylium perchlorate [6] 
and 0.40 g (2.4 mmole) of ethyl orthoformate in 5 ml of acetic anhydride was refluxed for 
20 min. Perchlorate I was purified by recrystallization from acetic acid (Table 2). 

•,3,3-Trimethy•-2-{2-(2,4-dipheny•-5,6-dihydr•cyc•openta[b]pyran-7-y•)-viny•}-3H-ind•- 
lium Perchlorate (V)~ A mixture of 0.107 g (0.25 mmole) of perchlorate I, 0.068 g (0.25 
mmole) of 1,2,3,3-tetramethylindolinium perchlorate, and 0.021 g (0.25 mmole) of anhydrous 
sodium acetate was heated in 3 ml of a mixture of acetic anhydride and acetic acid (l:l) at 
125~ for 15 min. The product was purified by washing with acetic acid, benzene, and ether. 

~,3,3-Trimethy~2-{4-(2,4-dipheny~-5,6-dihydr~cyc~penta[b]pyran-7-y~)-~,37butadieny~}- 
3H-indolium Perchorate (VI). A mixture of 0.225 g (0.5 mmole) of perchlorate II, which was 
obtained in the same way as IV by the method in [2] and was not isolated in analytically pure 
state, and 0.13 g (0.5 mmole) of 1,2,3,3-tetramethylindolinium perchlorate in 3 ml of acetic 
anhydride containing several drops of pyridine was refluxed for 5 min. The mixture was then 
chromatographed on aluminum oxide (elution with acetonitrile), after which the product was 
precipitated from acetonitrile by the addition of an aqueous solution of sodium perchlorate. 
The product was purified by recrystallization from a mixture of acetic acid with acetonitrile 

(i:i). 

••Ethy••2••2•(2,4-dipheny••5,6•dihydr••yc••penta[b]pyran•7•y•)v•ny•}•benz•thiaz••ium 
Perchlorate (IX). This compound was obtained from perchlorate I and 2-methyl-3-ethylbenzo- 
thiazolium toluenesulfonate by the method used to prepare VI. The mixture was chromatographed 
and the product was reprecipitated from acetonitrile with 30% HCI04 and recrystallized from 
acetic acid. 

3-Ethy•-2-{4-(2,4-dipheny•-5,6-dihydr•cyc••penta[b]pyran-7-y•)-•,3-butadieny•}benz•thia 2 
zolium Perchlorate (X). This compound was obtained and purified in the same way as VI using 
perchlorate II and 2-methyl-3-ethylbenzothiazolium toluenesulfonate. 

•-Methy•-2,4-dipheny•-7-[2-(•,3,3-trimethy•ind••in-2-y•idene)viny•]-5,6-dihydr•cyc••- 
penta[b]pyridinium Perchlorate (XIII). A mixture of 0.277 g (0.5 mole) of pyrylocyanine V 
and iml (2.5 mmole) of a 7.5% methanol solution of methylamine in 2 ml of acetonitrile was 
maintained at 20~ for 30 min. Dye XIII was precipitated with an aqueous solution of sodium 
perchlorate, chromatographed on aluminum oxide (elution with acetonitrile), and recrystal -'~ 

lized from alcohol. 

Pyridocyanines XIV, XVII, and XVIII. These compounds were obtained from the correspond- 
ing pyrylocyanines VI, IX, and X by the method used to prepare XIII. 

~-Methy~-2,4-dipheny~-8-[2-(~,3,3-trimethy~ind~in-2-ylidene)viny~]-5,6,7,8-tetrahydr~I 
quinolinium Perchlorate {xv). This compound was obtained in the same way as XIII with heat ~ 
ing at 50~ for 15 min using pyrylocyanine VII. 

Pyridocyanines XVI, XIX, and XX. These compounds were obtained in the same way as dye 
XV from the corresponding pyrylocyanines (VIII, XI, and XII). The pyridocyanines obtained 
were recrystallized from alcohol, while dyes XVIII and XX were recrystallized from a mixture 
of alcohol.and acetonitrile (2:1). 
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HYDROGENATION OF OXYGEN-CONTAINING HETEROCYCLIC COMPOUNDS 

ON GROUP VIII METALS 

E. A. Karakhanov, A. G. Dedov, UDC 542.941.7:547.728'722:541.128.1 

and A. S. Loktev 

The hydrogenation of a number of oxygen-containing heterocyclic compounds on Pt, 
Pd, and Rh blacks in the liquid phase at atmospheric pressure was investigated. 
The results are compared with data on H--D exchange with D20 and are interpreted 
from the point of view of the theory of T-complex adsorption. 

We have previously reported the hydrogenation and H--D exchange of benzofuran and its 
alkyl derivatives on group VIII metals [1-3]. In the present research we investigated the 
hydrogenation of a number of oxygen-containing heterocycles under mild conditions in the 
.presence of Pt, Pd, and Rh blacks. The results are presented in Tables 1 and 2. 

It is apparent from Table 1 that the reaction proceeded selectively in the hydrogenation 
of benzofuran in the presence of Pd and Rh: the C2~3 bond was hydrogenated to give 2,3-di- 
hydrobenzofuran. In addition to this process, hydrogenolysis of the O-C2 bond occurred in 
the presence of Pt. As a result, phenols are present along with 2,3-dihydrobenzofuran in 
the reaction products. With respect to their activity* in the investigated reaction the me- 
tals can be arranged in the order Pd > Rh > Pt. It should be noted that the most active 
catalyst, viz., Pd, upon storage in air retains approximately the same activity for I0 days 
after its preparation; its activity decreases only after this period. When Pd upon which hy- 
drogenation has already been accomplished was used again, the activity of the catalyst was 
also quite high in the hydrogenation of benzofuran (Table i). 

With respect to their reactivities in hydrogenation (see Table 2) the investigated ben- 
zofurans can be arranged in the order benzofuran > 2-methylbenzofuran > 2-ethylbenzofuran > 
2-propylbenzofuran. Thus alkyl substituents retard the hydrogenation of benzofurans on Pd, 
evidently due to steric hindrance vis-g-vis q-complex adsorption. It is apparent from Table 
2 that the nature of the substituent in the heteroring also affects the rate of hydrogenation. 

The results obtained in a study of H--D exchange of the investigated heterocycles [2, 3] 
make it possible to explain the principles of hydrogenation of these compounds and to examine 
them from the point of view of the theory of T-complex adsorption [4], according to which the 
first step in the catalytic reaction of aromatic and unsaturated compounds on transition 
metals is the formation of a surface ~ complex. In the case of complex molecules their vari- 
ous fragments may make different contributions to the interaction with the catalyst [2, 3, 5], 
which affects the orientation of the molecule on the surface and the reaction pathway as a 

*By activity here we have in mind the amount of hydrogen absorbed per unit time at the start 
of the reaction relative to the area of the catalyst. 
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