
UV S P E C T R A  O F  C A R B O N Y L - C O N T A I N I N G  F U R A N  C O M P O U N D S  

N. N. B o r i s o v a  and V. G. K u l ' n e v i c h  UDC547.724:543.422.6 

The optical  absorpt ion maxima in the UV spec t ra  of furan aldehydes,  ketones,  acids and the i r  
der iva t ives  - acid ch lor ides ,  anhydrides ,  e s t e r s ,  and diacyl peroxides  - can be a r ranged  in 
an o r d e r  s imi la r  to the o rde r  of reac t iv i t ies  of the carbonyl groups.  The effect  of a solvent 
on the position of Xma x was examined. 

We have synthesized a number  of furan diacyl  peroxides  with var ious substi tuents in the 5 position of 
the furan ring. The spec t ra  of the peroxide compounds obtained a re  in teres t ing  f rom the point of view of 
the identification of peroxides  detected in the reac t ion  mixture  during the autooxidation of var ious furan 
der iva t ives  and also in the examination of the effect  of the substituting groups on the position of the optical 
absorpt ion maxima.  The UV spec t ra  of the diacyl peroxides  have not rece ived  sufficient study, and the 
spec t ra l  cha rac te r i s t i c s  of furan peroxides  have not up to now been examined at all. It was of in te res t  to 
compare  the UV spec t ra  of furoyl peroxides  with the spect ra  of carbonyl-containing compounds with a non-  
peroxide s t ruc tu re ,  p r imar i ly  the anhydrides and e s t e r s  of furan-2-carboxyl ic  acids.  

All of the investigated furan compounds give an optical absorpt ion maximum in the UV port ion of the 
spec t rum,  which is caused by the furan ring in conjugation with the carbonyl  group (the FyC = O ch romo-  
phore ,  in which Fy is furyl ,  C 4 H 3 0  ) . The spect ra l  cha rac te r i s t i c s  of  the examined compounds a r e  presented  
in Table 1. 

The introduction of both e lec t ron-donor  and e l ec t ron -accep te r  substituents into the 5 position of the 
furan r ing leads to a bathochromic shift of the optical absorpt ion maximum. 

The absorpt ion maxima (when the substi tuent in the 5 position is the same) a re  shifted regular ly  
hypsochromical ly  on passing f rom the acid chlor ides  to the acids.  This cor responds  to a gradual  d ec r ea se  
in the accep te r  act ivi ty in the o rde r  

. / o  . OC2H s \OH " 
Fyc~ ~yc~ o 

0 

It is known that the carbonyl groups a re  a r ranged  in the following o rd e r  [1] with respec t  to decreas ing  
reac t iv i ty  in nucleophilic addition reac t ions :  

- C ~ !  , C/~0 . _ \ .  _ < o  

Thus the e lect ronic  spect ra  of carbonyI-contaiuAng compounds of the furan se r i e s  to a cer ta in  degree  r e -  
f lect  the i r  react ivi t ies ;  thus,  judging f rom the spect ra , the  carbonyl  groups of acid anhydrides and diacyl 
peroxides  should occupy an in termedia te  posit ion,  in the o rde r  of reac t iv i t ies ,  between ketches and es te r s .  

We also r eco rded  the UV spec t ra  of benzoyl chlor ide ,  benzaldehyde,  acetophenone,  benzoic anhydride,  
benzoyl peroxide,  phenyl benzoate ,  ethyl benzoate,  and benzoic acid (A max,  nm, respec t ive ly :  243,241,  239, 
232 ,231 ,229 ,  and 228), i .e . ,  a gradual  hypsochromic shift of  k m ax  is also observed  for this se r i e s  of com-  
pounds. Thus the descr ibed  regula r i ty  is not l imited to the furan se r ies  and is of general  cha rac te r .  
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Fig. 1. UV spec t r a  in ethanol:  1) 
fu ran -2 -ca rboxy l i c  acids;  2) furoyl  
peroxide;  3) furfural ;  4) furyl .  

Nitro compounds should be  placed in a spec ia l  group. While 
in al l  the o ther  c a se s  AX is  ~ 30 a m  on pass ing  f r o m  the acid 
chlor ide  to the acid i t se l f ,  al l  of the ni t ro compounds abso rb  at 
296 ~- 4 rim, and the extinction is somewhat  lowered as compared  
with unsubsti tuted furans .  These pecu l ia r i t i es  of the spec t r a  of 
n i t rofurans  a r e  explained by "compet i t ion"  between two e l e c t r o n -  
accep to r  groups - t h e  carbonyl  group and the ni t ro group - a n d  
this leads to a ce r ta in  weakening of  the conjugation in the s y s t e m  
[ 2]. The effect  of the nitro group as a s t ronge r  accep to r  p r e -  
vai ls .  

The furoyl peroxides  abso rb  at  262-285 rim. The extinction 
is about twice that  of a ldehydes ,  s ince the peroxide  molecule  
cons i s t s  of  two FyC = O ch romophores  joined by an o x y g e n -  
oxygen br idge.  

The c loses t  analogs of diacyl  peroxides  a r e  the anhydrides  
of the cor responding  acids.  The absorp t ion  max ima  of the an -  

hydr ides  of  f u r an -2 -ca rboxy l i c  acids a re  only slightly ba thochromica l ly  shifted as compared  with the spec -  
t r a  of the furoyl  perox ides .  The extinction is somewhat  lower  than for  perox ides .  A s i m i l a r  pa t t e rn  was 
obse rved  for  benzoyl  peroxide  and benzoic  anhydride,  p- to luyl  peroxide,  and the cor responding  anhydride 
[3]. This  may  be explained by the higher  poss ibi l i ty  of conjugation between the two FyC = O groups through 
one oxygen a tom than through the peroxide  br idge .  

In connection with the d iscussed  p rob l em of the in terac t ion  of the ch romophore  groups in the molecule ,  
it was of  in te res t  to com pa re  the UV spec t r a  of furoyl peroxides  and anhydrides  of  fu ran -2 -ca rboxy l i c  acids 
with the spec t r a  of  difuroyl .  - a  diketone that has two FyC = O chromophores  d i rec t ly  connected to one 
another  (Fig. 1). Difuroyl abso rbs  at  302 nm (log e 4.32). In this case ,  the in t r amolecu la r  in teract ion b e -  
tween the ch romophore  groups  leads  to an apprec iab le  shift  to the longer -wavelength  side with a s i m u l -  
taneous inc rease  in the absorp t ion  intensi ty as  compared  with the isolated chromophore .  

The fact  that the p r e s e n c e  of two ch romophores  in the molecules  of the furoyl peroxides  and anhy-  
dr ides  does not cause  a la rge  shif t  in )~max to the long-wavelength region and the m o l a r  extinction is a p -  
p rox imate ly  equal to the sum of the extinctions of the isolated FyC = O groups makes  it poss ib le  to a s -  
sume that  the in terac t ion  between the ch romophore  groups in these  compounds is m i n i m a l  [4]. 

The unshared p e lec t rons  of  oxygen in the molecules  of the ethyl e s t e r s  and in the molecu les  of the 
acids par t ic ipa te  in conjugation with the chromophore .  The posi t ive inductive effect  of the alkyl group s o m e -  
what faci l i ta tes  the shift  of the p e lec t rons  of the e s t e r  oxygen. The degree  of conjugation in the molecules  
of the ethyl furoates  is t he re fo re  g r e a t e r  than that obse rved  for molecu les  of the acids;  this  is exp re s sed  
in the ba thochromic  shif t  of )~max. In addition, the s ta te  of oxygen in the phenyl furoates  somewhat  r eca l l s  
the anhydride oxygen - the unshared p e lec t rons  of oxygen a re  conjugated s imul taneously  with the carbonyl  
group and the benzene r ing,  and, in the case  of the anhydr ides ,  with two carbonyl  groups .  

We also examined the effect  of a solvent  on the posit ion of Zmax  of carbonyl -conta in ing  furans ,  for  
which we r eco rded  the i r  UV spec t ra  in n-heptane ,  dioxane, ethanol,  and wa te r  (Table 2). A bathochromic  
shift  of the absorpt ion  band on pass ing f r o m  n-heptane to ethanol and wa te r ,  i .e . ,  in the o r d e r  of inc reas ing  
d ie lec t r ic  constant  of the solvent ,  is obse rved  for all  of the invest igated compounds except  the acids.  A 
pa r t i cu la r ly  l a rge  so lva tochromic  effect  is obse rved  for ni t rofurans;  this a t t es t s  to cons iderable  p o l a r i z a -  
tion of these  compounds and redis t r ibut ion  of the e lec t ron  densi ty  as the d ie lec t r ic  pe rmeab i l i t y  of  the m e d i -  
um changes.  

A hypsochromic  shift  of the absorpt ion  m a x i m u m  in the s e r i e s  of  solvents n-heptane -d ioxane  - w a t e r -  
ethanol is obse rved  in the case  of  fu ran -2 -ca rboxy l i c  acids .  This is apparent ly  explained by the exis tence  
of the acids in nonpolar  media  as  a mix tu re  of m o n o m e r i c  and d imer ic  unsolvated molecu les ,  while in wa te r  
and alcohols the fo rmat ion  of hydrogen bonds with the solvent ,  which leads to s tabi l izat ion of the acid m o l e -  
cules p r i m a r i l y  in the m o n o m e r i c  fo rm,  is poss ib le .  

The carbonyl-conta in ing benzene de r iva t ives  abso rb  ove r  a much n a r r o w e r  range of the s p e c t r u m  (229- 
241) than furans (241-272 rim) and a r e  l e s s  subject  to the effect  of  the  so lvent :  A~ for  t rans i t ion  f rom n-  
heptane to ethanol is 1-3 nm compared  with 3"9 nm for  furans .  This again conf i rms  that  the furan s y s t e m  
is m o r e  labile  and is to a g r e a t e r  deg ree  capable  of t r ansmi t t ing  e lec t ronic  effects  [5]. 
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EXPERIMENTAL 

The furoyl peroxides were synthesized for the first time (except for the previously known furoyl 
peroxide) via the method in [6]. The degree of purity of the preparations obtained, which was determined 
iodimetrically, was no less than 98%. The anhydrides of furan-2-carboxylic acids were obtained by trans- 
dehydration with acetic anhydride [7]. 

The ethyl esters of furan-2-carboxylic acids were obtained by reaction of the appropriate acid chlo- 
rides with ethanol, while the phenyl esters were obtained by reaction of the acid chlorides with phenol in 
dioxane. 

The UV spectra in n-heptane, dioxane, ethanol, and water were recorded with an SF-4A spectrophotom- 
eter in l-cm-thick quartz cuvettes. 
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