
E L E C T R O N I C  A B S O R P T I O N  S P E C T R A  OF H E T E R O C Y C L I C  

A N A L O G S  OF t r a n s - C H A L C O N E  

M. R e i n k h a r d t ,  A.  A.  S u k h o r u k o v ,  
A.  R a u s h a l ' ,  a n d  V.  F .  L a v r u s h i n  

UDC 547.722.733 : 543 : 422.6 

Thiophene, furan, and pyr ro le  analogs of t rans-cha lcone  have UV spect ra  consisting of bands 
belonging to the spec t ra  of the corresponding 2-ace ty lhe ta ry l s  and 2-hetaryl ideneacetones  
that are shifted bathochromical ly  as a resul t  of mutual per turbat ion of these two crossconju-  
gated f ragments .  The absorption curves  of 10 chalcones in hexane solution were measured  
up to 190 nm, the bands of the individual t ransi t ions were  isolated graphically,  and the degree 
of localization of the e lectron excitation on the f ragments  of the molecules was calculated by 
a new quantum-chemical  method. 

The electronic absorption spec t ra  (EAS) of sys temat ic  ser ies  of heterocycl ic  analogs of t rans-chalcone  
(HAC) were measured  in [1-4], and the t ransi t ions were  assigned to individual portions of the molecules.  A 
subsequent " f ragmentary"  approach to the analysis  of the EAS, which was confirmed by the resul ts  of quantum- 
chemical  calculations and data f rom the graphical  analysis  of the absorption curves,  showed that the in terpre-  
tation of the bands of the spec t ra  of the HAC requi res  fundamental ref inements  and supplements.  With this in 
mind we measured  the absorption curves  of thiophene and furan analogs of t rans-chalcone  (Fig. 1), 2 -ace ty l -  
thiophene, 2-acetyl furan,  2-thienylideneacetone,  and 2-furfuryl ideneacetone (Fig. 2) in hexane solutions. The 
energies and intensities of the t ransi t ions were calculated by the s tandard P a r i s e r - P a r r - P o p l e  method, and 
a new method [5] in which the contribution of each atom (~) to the total molecular  excitation is charac te r ized  
by the localization number L# in percent  and the summation Z #L~ over  all of the atoms of the molecule is al-  
ways 100~c was used for  the evaluation of the localization of the zr-electron excitation on the f ragments  of the 
molecule.  

In the analysis  of the spec t ra  of the HAC it was assumed that they can be conceived of as a set  of bands 
presen t  in the spec t ra  of the 2-hetaryl ideneacetone (A) and 2-ace ty lhe tary l  (]3) with allowance for the pe r -  
turbations caused by consolidation of the ~r sys tems  of the molecule " f ragments"  (A and B) in the HAC mole-  
cule.of the following genera l  formula  

R-CH ~C,--C .-R R, R' c H. (phen~, F,, (._,-furyl) Th ~.,-thien.) p). (._,-pyrryb; 
0 

A a R. Fu, R'=C~-H-.~ b R-Th .  R' Chris; c R=C~.H-,, :, R' Fu; 
\ /B z 

dR:CH~,R'=Th;eR:I:u,R'~Fu;IR~Th, R' Th; gR  Fu, . , o 

R': Th; h R: Th, R = F u ;  i R::C~;II s. R':C;H~ .i R::Th, R'=Py 

The spec t ra  of the HAC molecule " f ragments"  (aeetophenone and benzylideneaeetone are  included here), 
which are  shown in Fig. 2, a re  in themselves ra ther  complex. According to the resul ts  of the calculation, the 
long-wave zr,~* absorption of 2 -ace ty lhe ta ry l s  (240-300 nm) and 2-hetaryl ideneacetones  (250-310 rim) is due to 
two transit ions,  which appear  on the experimental  curve in the form of overlapped I and II bands that are  com- 
parable in intensity only for  the thiophene derivat ives.  In this case localization of the excitation in the hetero-  
ring (LR) for  one of these transi t ions (the I type) dec reases  sharply as the number  (n) of vinylene groups in the 
2-hetarylpolyenone increases  (63 -~ 44% and 68 --* 43%, Fig. 2), whereas  it amounts to only 20% for  n = 3. On 
the other  hand, t ransi t ions of the II type are  charac te r i zed  by high localization of the excitation on the he tero-  
ring (LIRI ~ 70-80%, Fig. 2) even when n = 3 (LIRI ~ 60%). Thus here,  as in the case of phenylpolyenones [6], one 
can speak ei ther  of "polyene,' o r  "ring" cha rac te r  of the two long-wave transit ions under consideration.  

The experimental  data presented in [7] also indicate the "polyene" charac te r  of the intense long-wave 
absorption. 
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Fig.  1. Electronic  absorpt ion  s p e c t r a  of he te rocycl ic  analogs 
of chalcone RCH=CHCOR ' (R, R' = Ph, Fu, Th, I>y; R = R'; 
R~ R') in hexane. The posi t ion of the bands in the expe r imen-  
taI s pec t r a  of the RCH=CI-ICOCtt 3 (A) and R'COCH 3 (B) molecule  
" f ragments"  is shown schemat ica l ly  in the upper  por t ion  of spec-  
t r a  a - j .  The posi t ion of the intense bands of the I type is de- 
signated by the heavy l ines.  The b r acke t s  indicate the complex 
c h a r a c t e r  of the isolated bands.  

Fig. 2. Exper imenta l  and calcula ted UV spec t r a  of 2 - a c e t y l -  
he ta ry l s  and 2 -he ta ry l ideneace tones :  I, I I . . .  is the number ing 
of the bands of t rans i t ions  of the s ame  type, L R a re  the numbers  
of local izat ion of the excitat ion in the ring, f is the calculated 
osc i l l a to r  force ,  and �9 indicates  t rans i t ions  with f - 0.1. 

According to the t radi t ional  "configurat ional  analys is"  of the resu l t s  of calculat ion of the EAS of 2-  
hetarylpolyenones ,  the configurat ion fo rm ed  by promot ion  of an e lec t ron  f r o m  the upper  f i l led MO (~1) to the 
lower  vacant  MO (QI) makes  the pr inc ipa l  contr ibution (> 90%) to the ~I, I s ta te .  The s ta te  of the ~I, iI type is 
cha r ac t e r i z ed  by a substant ia l  contr ibut ion of the ~p2 -~ go~ configurat ion (~75%). In addition, but the ~0 ~ ~I'I and 
~0 "* r  t rans i t ions  can be cha r ac t e r i z ed  by the magnitude of i n t r amolecu la r  charge  t r a n s f e r  (IC T), for  ex-  
ample ,  f rom the he te ro r ing  to the polyene chain: -VAq, ~ 0.3-0.5 e - .  However,  the apprec iab le  cha rge  t r an s f e r  

(CT) between the a toms  of the he te ro r ing  i tself  o r  the polyene f r agmen t  is not taken into account  in this case .  
Evidently none of the usual approaches  gives  a numer ica l  cha r ac t e r i s t i c  of the "contr ibut ion" of the f r ag men t  
to the overa l l  molecu la r  excitat ion as convenient  as L R. 

The high-f requency region of the s p e c t r u m  (up to 190 nm) cons is t s  of two to three  bands (III, IV, and V), 
the intensity of which is s e v e r a l  t imes  lower  in the case  of 2 -he ta ry lpolyenones  than fo r  phenylpolyenones.  

According to the r e su l t s  of the calculat ion,  there  a re  s eve ra l  e lec t ron  t rans i t ions  with c lose  energ ies  in 
this region of the spec t rum;  this hinders  the i r  unambiguous ass ignment .  We propose  that the IlI band in the 
EAS of the compounds of the furan  s e r i e s  is due p r i m a r i l y  to a t rans i t ion with "polyene" c h a r a c t e r .  The c o r -  
responding band in the EAS of the thiophene analogs can be a sc r ibed  to a t rans i t ion  of the "r ing" type; the ex-  
pe r imenta l ly  mani fes ted  band evidently has a complex s t ruc tu re  and includes a t rans i t ion of the "polyene" type, 
s i m i l a r  to the t rans i t ion in the EAS of furan compounds.  

Band IV in the s pec t r a  of 2 -he ta ry l ideneace tones  is due to a new re la t ive ly  intense t rans i t ion local ized 
mainly in the propenone chain. 

Joint  analys is  of the curves  in Figs .  1 and 2 leads to the assumpt ion  that the long-wave intense band in 
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the spec t ra  of HAC is a per turbed band of the I type observed in the spec t ra  of hetarylindeneacetones;  different 
bathochromic shifts [A)~P er t  = 17-36 rim, A~=  (1.6-4.2) �9 103 cm -1] are  observed as a function of the type of 
perturbing (phenyl, hetaryl) and per turbable  (A) fragment .  The subsequent approach necessar i ly  requires  the 
p resence  in the spec t ra  of HAC of a IB band belonging to the B fragment;  per turbat ion of the 2-ace ty lhe tary l  
group by a s tyry l  o r  2-hetaryle thylene  group, in analogy tO chalcone [8], will mos t  likely lead to a bathochro-  
mic shift of the I band, and A~P er t  will be c lose to the value examined above. Experiments  show only a few 
cases  in which a distinctly expressed  band (Fig. la) or  a component isolated f rom the total curve (Fig. 1, 
spec t ra  b and h) can be confidently assigned to the IB type with AX = 20-30 nm and A~ = (3-5) �9 10 -3 cm -l .  On 
the basis of this es t imate  of A~P ert,  it can be a s se r t ed  that the IB and IA bands in the remaining curves  (Fig. 
1, spec t ra  c-g) are  markedly overlapped, and an unambiguous ass ignment  is impossible in these cases .  

Bands of the IIA and IIB types evidently appear  only in the spec t ra  of thiophene HAC, since in the spec-  
t ra  of 2-acetyl thiophene and 2-thienylideneacetene they a re  comparable  in intensity to the bands of the I type. 
F o r  example, a band that is bathochromical ly  shifted by 15-20 nm [(2-3) �9 103 cm -1] relat ive to bands of the II 
type of the A and B f ragments  can be isolated in the spec t ra  presented  in Fig. 1 (spectra b, d, and g), while the 
IIA and IB bands on the curve  of spec t rum h in Fig. 1 merge  to give a single band. 

The portion of the spec t rum below 250 nm, to which little previous study has been devoted in the case  of 
HAC, is ext remely  complex for demonstra t ive  analysis ,  since the molecule " f ragments"  A and B here have a 
developed sys tem of bands (HI-V) and their super imposi t ion is inevitable in the corresponding chalcone. How- 
ever,  there is definite evidence of the f ragmenta ry  cha rac t e r  of the transi t ions in this region also. Thus all of 
the chalcones that contain an "acetophenone" f ragment  (Fig, 1, spec t ra  a, b, and i) contain an intense band with 
emax  = 30,.000 in the 200 nm region, while those that include a "benzylideneacetene,, f ragment  (Fig. 1, spec t ra  
c, d, and i) contain a band with emax = 20,000. There are  no intense bands in the spec t ra  of the heterocycl ic  
f ragments  in this region (Fig. 2), and the absorpt ion at 200-250 nm does not exceed 10,000-13,000 for  any of 
the purely he terocycl ic  chalcones.  

In Fig. 1 an a t t e m p t  was made to Show the position in the spec t ra  of the HAC of all of the bands of the A 
and B f ragments .  The graphical ly isolated bands were  descr ibed by curves  of the logari thmic normalized dis- 
tribution, [9], and the half-width of these bands was assumed to be (4-5) . 103 cm-1; this provided a guarantee 
against  the isolation of "superfluous" anomalously narrow components.  It is seen that all of the necessa ry  
bands are  inscribed in the experimental  curve.  

The t rea tment  of the spec t ra  of the HAC presented above is not unique. Thus the intense long-wave band 
in the spec t ra  of HAC was also assigned [3, 4] to the A fragment ,  while the next distinctly observable shor t -  
wave maximum was ascr ibed to the B fragment .  This formal  approach has been found to be occasionally suc- 
cessful  for  a number  of spec t ra  (Fig. 1, spec t ra  a, b, h). However, a hypsochromic shift to the 220-250 nm 
region of the band of the 2-ace ty lhe ta ry l  f ragment  when it is included in the HAC molecule was assumed in 
other  cases  [3, 4] (Fig. 1, spec t ra  c, d, e, g, and i). 

The resul ts  of the calculat ions take on special  value for  the confirmation of the "fragmentary ' ,  t rea tment  
of the spect ra  of HAC. The theoret ical  spec t rum of 1,3-difurylpropenone and of the molecule "f ragments"  is 
presented  in Fig. 3 as an example. The corresponding transit ion in the spect rum of one or  another f ragment  
can be ascr ibed  to each transi t ion in the spec t rum of this chalcone on the basis of the c loseness  of the ener-  
gies and f rom the cha rac t e r  of the localization of the excitation. F o r  the remaining HAC the L A and L B values 
range f rom 70 to 90%, although more  delocalized transi t ions also occur .  An analogous interpretat ion of the 
spec t ra  of pyr ro le  analogs of chalcone has also been found to be successful  (Fig. 1, spec t rum 1). Thus the 
pr inciples  of analysis  of the absorption curves  tested on some HAC evidently can be used for  the interpretat ion 
and quantitative predict ion of the spec t ra  of crossconjugated molecules that include different heterorings.  
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E X P E R I M E N T A L  

The absorpt ion curves  of hexane solutions of the compounds were  measured  with an SF-16 spectropho-  
t ome te r  with ni trogen purging of the monochromator .  The synthesized (by crotonic condensation) HAC and the 
commerc ia l  reagents  were  purif ied by rec rys ta l l i za t ion  o r  vacuum sublimation; where  necessa ry ,  they were  
chromatographed with a column fi l led with AI20 ~. 

The spec t ra  were  calculated by the P a r i s e r - p a r r - P o p l e  method with allowance for  25 singly excited 
configurations f rom a known p r o g r a m  [10] modified by V. l~. Umanskii (Computer Center ,  Kharkov State Uni- 
vers i ty)  fo r  the calculat ion of localizat ion numbers .  The molecules  were  assumed to be planar,  having t rans-  
s -c i s  geometry  of the propenone chain [11]. It was also assumed that the heteror ings  exis t  in the t ransoid con- 
format ion  with r e spec t  to the adjacent  double bonds. The bond lengths were  assumed to be the s tandard values.  
The semiempi r i ca l  p a r a m e t e r s  were  cal ibra ted f rom the exper imenta l  spec t ra  of he te rocyc les :  Y,,,, a cco rd ing  
to Mataga and Nishimoto: YCC = 11.13, WCC = -11 .16 ,  flC=C = -2 .5 3 ,  flC-C = -2 .11  eV; ),CO = 1~:23, wC 8 = 

- 1 7 . 7 ,  flC=O = - 3 . 2  eV; Y(30 = 21, W•5 = - 3 4 ,  t iC-5  = - 2 . 0  eV; y~w = - 1 3 ,  W ~  = - 2 2 ,  flC-S = - 1 . 4  eV; 

YI~I~ = 18, Wl~l~ = --26, and tiC_ ~ = - 1 . 8  eV. 
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