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5-Aryl idenerhodanines  and the p rev ious ly  undescr ibed 5- [5- (4-R-phenyl ) fur fury l idene] rho-  
danines were  synthes ized by the Andreasch  method. It is a s sumed  that  F e r m i  r e sonance  
appears  in the IR s pec t r a  of some  of these  compounds in the region of earbonyl  absorpt ion;  
bands of a s soc ia ted  N - H  bonds were  identified. It is shown that  in the case  of 4-N(CH3) 2- 
benzyl idenerhodanine the long-wave band in the e lec t ronic  spec t r a  is a ba thochromica l ly  
shifted band of the s a m e  nature  as the band in the spec t r a  of 5 -a ry l idenerhodanine  de r iva -  
t ives  with weak donor groups.  The introduction of an a ry l fur fury l idene  grouping gives r i s e  
to a subs tant ia l  ba thochromic  shift of the absorpt ion  band of the i r  molecules .  

Aryl idenerhodanines  (5-ary l idene-2- th ionoth iazol id in-4-ones)  a r e  e x t r e m e l y  impor tan t ,  in a p r ac t i ca l  
r e spec t ,  c l ass  of  subs tances ,  s ince some of them a re  known as reagents  for s i l ve r ,  gold, and c o p p e r  ions [1], 
pho tosens i t i ze r s  [2], and physiologica l ly  act ive compounds [3-5]. 

In addition, t he re  a r e  a number  of unexplained p rob l ems  with r e spec t  to the i r  UV and IR spec t ra .  In 
c a r ry ing  out our s e a r c h  for  new physiologica l ly  ac t ive  compounds,  we synthesized a number  of 5 - ( 5 - a r y l -  
furfuryl idene)rhodanines  by the Andreasch  method [6]. 

We subjected rhodanine and 5 - a ry l fu r fu r a l s  to condensation in acet ic  acid in the p r e s e n c e  of fused sodium 
aceta te ;  we chose 5 - a r y l f u r f u r a l s  because ,  according to the data in [7], they t hemse lves  have an t ibac te r ia l  
action. Some 5 -a ry l idene rhodan ines  were  obtained under the s a m e  conditions in o rde r  to c o m p a r e  the i r  p r o p e r -  
t ies .  

0 0 
\~'-"--N II ~ ~ '~+'---N II 

l a - e  l l a - g  

I- I I  a R=H;  I b R=CII30; C, R-N(Ctt+)+; I - l i d  R=Br; e R~+NOz; II b R+Cl i3 ;  

C R=CI ;  ~ R=CN;  g R=,CHsCO 

The e lec t ronic  absorp t ion  s p e c t r a  of rhodanine der iva t ives  Ia, b, d a r e  cha rac t e r i zed  by low-intens i ty  
long-wave bands at 480-490 nm. The low intensi ty ( e ~  20-25) and the solvent  effect  (a hypsochromic  shift  of 
the absorpt ion  band as com pa red  with isooctane is obse rved  in methanol} undoubtedly a t tes t  to the n - v *  nature  
of this band. The remain ing  obse rved  bands have r a t h e r  high intensi t ies  and a r e  affi l iated with bands of the 
~r-~* type. . ,  

In a d i scuss ion  of the na ture  of the long-wave bands in the spec t r a  of a ry l idenerhodanines ,  N. M. 
Turkev ich  [8] noted the par t ic ipa t ion  of benzylidene groupings in these  t rans i t ions .  At the same  t ime ,  these  
bands,  which a r e  shifted r e g u l a r l y  when subst i tuents  a r e  introduced into the a romat i c  r ing,  were  cha r ac t e r i z ed  
as new bands. In our opinion, the introduction of a benzyl idene group actual ly has a subs tant ia l  effect  on the 
s p e c t r u m  of rhodanine,  but the in te rpre ta t ion  of the effects  of  subst i tut ion should be different.  

The p r e s e n c e  of a band analogous to the long-wave band of benzalacetone can be assumed  in the s p e c t r u m  
of benzyl idenerhodanine.  The assumpt ion  of the "benzalace tone"  c h a r a c t e r  of this band can be based on the 
assumpt ion  of weak par t ic ipa t ion  of the unshared pa i r s  of e lec t rons  of the imine ni t rogen a tom in this band 
due to c ross -con juga t ion  with the CO and C = S groups.  However ,  the magnitude of the ba thochromic  shift on 
pass ing  f r o m  benza lace tone  (278 nm) to 5-benzyl idenerhodanine (375 nm) does not, in our opinion, find a logical 
explanation for  a num ber  of r easons .  

A. M. Gor 'k i i  Kharkov State Univers i ty ,  Kharkov 310077. T rans l a t ed  f r o m  Khimiya Getero ts ik l icheskikh  
Soedinenii,  No. 11, pp. 1490-1494, November ,  1977. Original  a r t i c l e  submit ted August 6, 1976; rev i s ion  sub-  
mit ted March 21, 1977. 
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Replacement  of the acetyl group by an imide group should lead to a hypsochromie shift of the benz -  
alacetoneband.  However, the bathochromic shift due to fixation of the compressed  s -c i s  s t ruc ture  does not 
exceed 10 nm, as can be indirect ly est imated in the case of 2-(2-thienylidene)cyclopentanone [9]. 

In the case  of benzylidenerhodanine Ia the electron t ransi t ion localized on the benzalacetone fragment 
most  likely charac te r i zes  the band with 2  ̀278 nm (see Table 1). The introduction of substituents (Ia-IIe) and 
replacement  of the phenyl group by an aryl furan group (IIa-g) cause regular  shifts of this band, which c o r -  
respond to the e lectronic  cha rac t e r  of the substituting groups. As compared with the absorption of benza-  
lacetone itself,  this band in the spec t rum of Ia is shifted 6 nm hypsochromical ly;  this is undoubtedly due to 
weakening of the interact ion of the s tyry l  group with the C = O group because of the c ross-conjugat ion  effect of 
the imide.nitrogen atom. 

The intense long-wave band with }~max 375 in the spec t rum of Ia is also charac ter ized  by the part icipation 
of a benzylidene grouping, but in addition to this,  an ArCH=CSC =S group is included in the chromophore  
sys tem.  

A s imi la r  conclusion regarding the role  of the sulfide bridge was drawn by S. N. Baranov [10] during a 
compar ison  of related compounds. The determining role  in the long-wave absorption band of the 1r-electron 
sys t em of the thiono group also follows f rom a compar ison  of the spec t ra  of rhodanine [2,ma x 294 nm (e 15.4" 
10-3)] and thiazolidinedione [2,ma x 225 nm (e 20.0 �9 1 0 - 2 ) ]  [11]. The effect of a substituent on this band follows 
the t rend observed for the benzalacetone band, and the long-wave band for Ic is therefore  a band of the same 
nature,  which for Ia, b, d is shifted regular ly  to the red region of the spec t rum because of the s trong e lec t ron-  
donor effect of the N(CH~) 2 group, ra ther  than a new band, as asser ted  by N. M. Turkevich [8]. 

The appearance of a bridge grouping in the fo rm of a 2,5-disubstituted furan r ing (IIa-g) led to a sub- 
stantial  red shift of the ent ire  absorption spect rum,  the reason for which is,  in our opinion, the simultaneous 
effect of two factors  : lengthening of the v sys t em and the g rea te r ,  as compared with the phenyl group, e lec t ron-  
donor influence of  the 2,5-furylene group. A par t icu lar ly  large  shift of 2`max is observed for the long-wave 
absorption band; this at tests  to the great  polarizabil i ty of the corresponding chromophore  system.  Since e lec -  
t ron -accep to r  substi tuents,  which are  charac te r ized  by a counterpolar izat ion effect with respec t  to the C = O and 
C =S groups,  were p r imar i ly  introduced into the a romat ic  ring, their  effect, as might have been expected, is 
small.  

The nitro group, the introduction of which probably changes the direction of polar izat ion in the molecule,  
cons t i tu tes  an exception. 

The IR spec t ra  play an important  role in the understanding of the chemical  nature of rhodanine der iva-  
t ives of the I and II type;  the frequencies of the most  charac te r i s t i c  bands a re  presented in Table 1. 

The vibrations of the carbonyl  group appear in peculiar  (for cyclic imides) regions of the spect rum;  the 
s t ra in  of the f ive-membered  r ing to a considerable  extent determines the vCO values.  The introduction of a 
benzylidene group in the rhodanine molecule lowers vCO; this constitutes evidence for the existence of con- 
jugation between these groups in the ground state of the molecule. This is also confirmed by the regular  
changes in this frequency that are  observed when substituents are  introduced. 

It is interest ing to note that the phenylfurfurylidene group gives r i se  to an appreciable decrease  in vCO 
(12 em -1) as compared  with the benzylidene group. The effect of the same two factors  that were discussed 
above in the analysis of the UV spect ra  also are  manifested here.  

Two bands are  observed for Ia, d, e and IIg, c in the region of carbonyl  absorption. For the f i rs t  three 
arylidenerhodanines this is most  likely due to F e r m i  r e sonance ,  which is quite charac te r i s t i c  for cyclic ketones 
(for example, compare  this with the data for cyclopentanone [12]). This conclusion is, in our opinion, valid, 
since the effect is observed only for compounds the carbonyl  absorption of which lies at 1701-1727 cm -1. 

In addition, this splitting vanishes in the case  of CC14 solutions, in the spec t ra  of which the band under 
discuss ion is shifted strongly.  

The presence  of two bands in the spec t rum of IIg corresponds  to the functional composit ion of the 
molecule,  but the vCO values that we found for both bands were unexpected. The exocyclic C = O groups in the 
IR spectra  of  the related compounds I Ia - f  absorbs at 1680-1692 cm -l.  The acetyl group in acetophenone is 
charac te r ized  by a band at 1686 cm -1 (see [12]). We spoke above of the absence of a substantial  interact ion 
between the substituents and the f ive-membered  ring above. Consequently, it remains  to assume that Fermi  
resonance due to coincidence of  the absorption frequencies of two carbonyl  groups is also ref lected in this 
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spect rum.  In this case  the cha rac te r i s t i c  absorption of both C = O groups should have been observed at 1690 
cm -1, i .e. ,  in complete conformity  with the general  principles.  Unfortunately, it is difficult to ver i fy  this 
assumption by var iat ion of the conditions of measurement  p r imar i ly  because of the low solubility of this 
compound. 

Frequencies  of out -of-plane  deformation vibrations of the C - H  group, which, according to [13], attest to 
a t ransoid  or ientat ion of aryl  and carbonyl  groups relat ive to the double bond conjugated with them, are  
observed at 920-950 cm -~. 

To ass ign the frequencies of the C = S s t re tching vibrations of the thiono group (see Table 1) we used the 
ratio vCO/vCS = 1.59-1.65 found in [11] for related compounds. One's attention is directed to the appreciable 
dec rease  in this frequency in the case  of I Ia-g;  this is probably due to the e lectron-conduct ing cha rac te r  of the 
sulfide bridge. 

A s imi la r  regular i ty  is also observed for the "thioamide II" band at 1212-1247 cm -~. 

By analyzing the frequencies of the N - H  stre tching vibrations we arr ived at the conclusion that  there  is 
s t rong hydrogen bonding in the indicated substances ,  as evidenced by the intense absorption bands at 3050-3150 
cm -1 that are  cha rac te r i s t i c  for  associa ted amides.  However, there  is no unambiguous information in the 
l i te ra ture  regarding the nature of these bands. According to the data in [11, 14], s imi la r  bands were observed 
in the spec t ra  of  phthalimide, thiophthalimide, hydantoin, and related compounds;  the high-frequency band was 
then assigned to the s tretching vibrations of N - H  groups linked by a hydrogen bond with the carbonyl  group, 
and the low-frequency bond was assigned to complex vibrations associated with molecular  hydrogen bonds of 
var ious  types.  

In o rde r  to in terpret  the bands and ascer ta in  the type of hydrogen bonding in the investigated compounds 
we measured  the IR spec t ra  of dilute solutions of severa l  substances in CC14 at concentrat ions f rom 5 �9 10 -8 
(saturated solution) to 1 " 10 -4 mole / l i te r .  In this case  we observed a decrease  in the intensity of the band at 
3050 cm -1, disappearance of the band at 3150 cm -I ,  and the appearance of a new peak at 3400 cm -l .  The pos i -  
tion of the la t ter  did not change when the solutions were diluted. Hence it follows that a r y l i d e n e  and a ry l -  
fur furyl idenerhodanine  molecules in the solid state and in concentrated solutions form both types of hydrogen 
bonds. We measured  the spec t rum of the par t ia l ly  N-deuterated derivative of Ia and observed a considerable  
dec rease  in the intensity of the band at 3400 cm -1 and the appearance of a new band at 2550 cm -1. All of this 
enables us to unambiguously assign the band at 3400 cm -1 to f ree N - H  s t re tching vibru~ions. 

In a compar ison  of the spect ra  of benzylidenerhodanine Ia measured  in the solid phase and in dilute CC14 
solution one may note a considerable  shift (33 cm -1) in the vCO frequency to the h igher- f requency region; this 
is associated with the absence of associat ion in solution. In this case  the vC=S frequency remains  prac t ica l ly  
constant.  

This enables us to assume p r i m a r y  localization of the in termolecular  hydrogen bond on the C = O group. 

E X P E R I M E N T A L  

For the spectral studies, compounds of the I and II type were recrystallized from appropriate solvents 
(chloroform and acetic acid). The individuality of the compounds was monitored by thin-layer chromatography 
[Silufol UV-254 in a benzene-methanol system (i : I0)]; the characteristics of the compounds and the results 
of elementary analysis are presented in Table i. 

The deutero derivative was obtained by exchange of the protons by deuterium by the action of heavy water 
in CCI 4. The UV spectra were recorded with a Speeord spectrophotometer, and the IR spectra were recorded 
with a UR-20 spectrometer. 
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S Y N T H E S I S  OF M E T H Y L - S U B S T I T U T E D  T H I A Z O L E  

B A S E S  WITH A C O N D E N S E D  F U R A N ,  T H I O P H E N E ,  

OR S E L E N O P H E N E  R I N G  

P .  I. A b r a m e n k o  and  V. G. Z h i r y a k o v  UDC 547.789.6'728'736'739 

Methyl-substituted heterocyclic bases with a furan, thiophene, or selenophene ring con- 
densed with a thiazole ring were synthesized by heating the appropriate o-bromo acetamido 
derivatives with phosphorus pentasulfide or by oxidation of thioacyl compounds with potas- 
sium ferrieyanide in alkaline media. 

Methyl-substituted thieno- and benzothienothiazoles have been previously synthesized [1-5]. Polymethine 
dyes of various types have been obtained from the quaternary salts of bases of this type, and their color has 
been studied [6-8]. It seemed of interest  to obtain dyes based on derivatives of heterocyclic bases containing 
a selenophene or  furan ring condensed with the thiazole ring and to study their spectral  and photographic 
propert ies.  

In the present communication we describe the synthesis of methyl-substituted selenopheno-, benzofuro-, 
and benzoselenopheno[2,3-d]thiazoles (I-III). 

I II l l !  IV 

2-Methylselenopheno[2,3-d]thiazole (I) was synthesized by acetylation of 2-aminoselenophene by the 
action of phosphorus pentasulfide on the acetamido derivative and subsequent oxidation of 2-thioacetamido- 
selenophene with potassium ferricyanide in alkaline media. 2-Methylbenzofuro[2,3-d]thiazole (II) and 2- 
methylbenzofuro[2,3-d]thiazole (IV), which was previously obtained by a different method [3], were synthesized 
similarly from the corresponding amino derivatives of benzofuran and benzothiophene. Base II was also syn- 
thesized by bromination of 2-acetamidobenzofuran and by heating phosphorus pentasulfide with 2-acetamido-3- 
bromobenzofuran (V, X = 0). 

NHCOCH~ 

V II, I11 

II X~O;  I1! X~Se;  V X=O, Se 

2-Methylbenzoselenopheno[2,3-d]thiazole (HI) was similarly obtained from 2-acetamido-3-bromoseleno- 
phene (V, X = Se). 

It should be noted that II is not formed in the reduction of 2,2 '-dinitro-3,3'-benzofuryl disulfide under 
various conditions because of facile opening of the furan ring in this case to give an intermediate amino deriva- 
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Moscow 157012. Translated from Khimiya Geterotsiklicheskikh Soedinenii, No. 11, pp. 1495-1498, November, 
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