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The poss ib i l i ty  of using the region of the C = C  and C - - H  v ibra t ions  of the furan r ing fo r  the analysis  of the 
s t ruc ture  of substituted furans  and the poss ib i l i ty  of de te rmin ing  the s t ruc tu re  of the side chain in alkylfurans 
and a lkylbenzofurans  have been shown. 

The development  of invest igat ions  on the catalyt ic  alkylation of furan compounds is complicated by the absence of 
r e l i ab le  methods fo r  analyzing the reac t ion  products .  Our work [1] has shown that the separa t ion  of the reac t ion  
products ,  the de te rmina t ion  of the i r  puri ty,  and the i r  ident if icat ion with r e f e r e n c e  substances can be ca r r i ed  out 
successfu l ly  by GLC. However,  this method does not make it poss ib le  to de te rmine  the s t ruc tu re  of a substance,  the 
number  of subst i tuents ,  nor the i r  s t ruc tu re  or posit ion in the furan r ing.  These  questions can apparent ly  be answered 
by means  of spec t roscopy,  in pa r t i cu l a r  IR spec t roscopy.  F o r  this purpose  it was n e c e s s a r y  to find some 
c h a r a c t e r i s t i c  f ea tu res  in the IR spect ra  of alkyl de r iva t ives  of furan and benzofuran:  the influence of the posit ion and 
number  of the subst i tuents  on the main v ibra t ions  of the furan r ing,  and a lso  the influence of the r ing  on the f requency 
of the substi tuent.  

As the subjects  of our invest igat ion we se lec t  2- and 3-monoalkylfurans ,  2, 5 -d i - t e r t -bu ty l fu ran ,  and 2 - t e r t -  
butylbenzofuran,  which may be regarded  as a t r i subs t i tu ted  furan.  

Our main attention was devoted to those regions  of the spec t rum which, in our opinion, could be useful fo r  
answer ing  the questions posed.  This is the region of the C = C  s t re tching vibra t ions  of the furan r ing,  which cons is t s  
of two planar  v ibra t ions ,  i . e . ,  the in-phase  V c = c s  and the ant iphase u c = c a s  v ibra t ions ,  and the region of the C - - H  
s t re tching v ibra t ions  of the r ing  and the rad ica l  [2, 3]. 

Table 1 g ives  the f requenc ies  of the C--~C and C - - H  vibra t ions  of the furan r ing and the ra t ios  of the i r  in tens i t ies .  
On pass ing  f rom furan  to the 2-alkylfurans  the posi t ion of the u c = c a s  band is p rac t i ca l ly  unchanged, while the 
u C = C S  band is shifted sl ightly in the shor t -wave  di rect ion.  The ra t io  of the in tens i t ies  of these  bands in 2-a lkylfurans  
is a lmos t  one and one-half t imes  as great  as in furan.  In 3-a lkyl furans  there  is a tendency toward a shift in the l o n g -  
wave d i rec t ion  fo r  the v c - ~ c a s  band and for  the u C = C S  band there  is a slight shift in the shor t -wave  d i rec t ion .  The 
ra t io  of the in tens i t ies  of these  bands is the same as in furan.  In 2 , 5 - d i - t e r t - b u t y l f u r a n  the V c = c s  band undergoes a 
ve ry  marked  d i sp lacement  in the h igh- f requency  d i rec t ion  (Au 75 cm-1), while the posi t ion of the vc-----cas band does 
not change f r o m  that in furan.  The ra t io  of the in tens i t ies  Ivc=cas/Ivc=cs d e c r e a s e s  by a fac to r  of about 1.5 
compared  with furan.  Benzofuran and 2- te r t -bu ty lbenzofuran  have a single band in this region.  

Table 1. Posi t ion and Ratio of the Intensi t ies  of the Bands of the 
Anti-  and In -Phase  Vibrat ions  of the C = C  Bonds and the C - - H  
Vibrat ions  of the Furan  Ring in Alkylfurans 

C o m p o u n d  ~JG~caS' V c = c s '  Ias / ls  VC--/t '  VC--I{' 1,/12 
cm -1 cn1-1 , cm-i  am -I 

Fu ran  
2- ter t -But  y l fu ran  
3-tert-But y l fu ran  
2-t e r t - A m y l f u r a n  
3 - t e r t -Amyl fu ran  
2 -1sobu ty l fu ran  
2-Met h y l f u r a n  
2 -n -Bu ty l fu ran  
2-sec-Buty l furan  
2,5 -dl-t err -But yl fur  an 
B e n z o f u r a n  
2 - t e r t -Bu ty l fu ran  

1595 
1595 
1570 
1595 
1570 
1600 
1610 
1600 
1595 
1610 
1616 
1590 

1490 
1515 
1510 
1515 
1510 
1515 
1520 
1510 
1510 
i565 

0.62 
0.88 
0.63 
0.82 
0,52 
0,85 
0.4 
0,90 
0.82 
0.37 

3120 
3120 
3110 
3120 
3110 
3120 
3120 
3120 
3120 
3110 
3120 
3120 

3150 
3150 
3140 
3150 
3140 
3150 
3150 
3150 
3150 

3150 

0.86 
0.33 
1,5 
0,25 
1,2 
0.37 
0.44 
0.36 
0,38 

o~ 

273 



In examining the IR spec t r a  of the 2-  and 3 -monoa lky l -  and 2, 5 -d ia lky l fu rans ,  and a l so  those of benzofuran and 
2 - t e r t -bu ty lbenzo fu ran ,  a change in the in tens i ty  of the C - - H  v ib ra t ion  of the furan  r ing  in the 3100-3200-cm -1 reg ion  
as  a function of the  pos i t ion  of the subs t i tuent  was obse rved .  

It i s  known [4,5] that in th i s  reg ion  furan  and benzofuran  have two bands  (3120 and 3150 cm -1) of s i m i l a r  
i n t ens i t i e s .  They apparen t ly  r e l a t e  to the s t r e t ch ing  v ib ra t ions  of the ~ -  and ~ - C - - H  bonds,  r e spe c t i ve ly ,  of the furan  
r ing .  

In 2 - a lky l fu r ans  two bands  a r e  obse rved  with the  same  f r equenc i e s ,  but the in tens i ty  Iv3ts0 i s  2 - 2 . 5  t i m e s  g r e a t e r  
than that  of Iv3m0. 3 -Alky l furans  have bands  at 3110 and 3140 c m  - l ,  c h a r a c t e r i z i n g  the C - - H  v ib ra t ions  of the fu ran  
r ing .  T h e i r  r e l a t i v e  in tens i ty  i s  opposi te  to that  of 2 - a lky l fu r ans .  

The change in the in tens i t i e s  of the C - - H - s t r e t c h i n g  v ib ra t ions  of the fu ran  r ing  as  a function of the pos i t ion  of 
the subs t i tuent  i s  due to the fact  that  the v ib ra t i ons  of the C - - H  bonds in the furan  r ing  a r e  nonequivalent  dynamica l ly  
and d i f fer  in t he i r  mechan ics ,  and each i s  de t e rmined  by i t s  own band. This  i s  seen  in 2 , 5 - d i - t e r t - b u t y l f u r a n ,  in which 
the ~ - C - - H  band i s  absen t ,  while in the 3100-3200 cm -1 r eg ion  t h e r e  i s  only one band,  at  3120 cm - t ,  which is  due to  
the f l - C - - H  bonds.  2 - t e r t -Bu ty tbenzo fu ran  a l so  has  only one band in th i s  r eg ion .  

Thus,  the pos i t ion  of the subs t i tuents  and the i r  number  has  a fundamental  influence on the behav io r  of the bands 
of the C ~ C  and C - - H  s t re tch ing  v ib ra t i ons  of the fu ran  r ing  and t h e i r  in tens i t i e s .  This fact may  be of g r e a t  a s s i s t a n c e  
in the a n a l y s i s  of the s t r uc tu r e s  of fu ran  compounds.  

We have examined  the influence of the h e t e r o a r o m a t i c  r ing  on the s ide  chain  in a lky l fu rans  with substRuents  
having an i so  s t r u c t u r e .  It has  been  shown p r e v i o u s l y  for  a lky l fu rans  with subs t i tuents  of n o r m a l  s t ruc tu re  [6] that  
the in t roduct ion of a he t e roa tom into the molecu le  subs tan t ia l ly  lowers  the in tens i ty  of the bands of the s t r e tch ing  
Vibrat ions  of the CH 2 and CH 3 groups  of the s ide chain as  compared  with the a lkanes .  In this  work we m e a s u r e d  the 
i n t ens i t i e s  of the doubly degenera te  s t r e t ch ing  v ib ra t i ons  of the CH 3 group in a lky l fu rans  and the a lky lbenzofurans  by 
J o n e s ' s  method [7]. In addit ion,  we ca lcu la ted  the in t ens i t i e s  of th i s  band fo r  our  compounds by Lopat in and 
Yakovlevts  method,  taking account  the d i s t ance  of each methyl  group f rom the he t e roa tom (Table  2). The va lues  of the 
i n t ens i t i e s  of the doubly degenera te  s t r e t ch ing  v ib r a t i ons  of the CH 3 groups  found expe r imen ta l l y  and by ca lcula t ion  a r e  
s i m i l a r .  

Table  2. Pos i t i ons  and In tens i t i e s  of the Bands of the Doubly 
Degenera te  Stretcl~ing Vibra t ions  of the  CH 3 Groups  in 
Alky l fu rans  

Compound %'CHs �9 cm'~ 8~xp. Scale. 

2-tert-Butylfuran 
3-t ert-Butylfuran 
2,5-Di-tert-butylfuran 
2-tert-Amylfuran 
3-tert-Amylfuran 
2-Isobutylfuran 
2-sec-Butylfuran 
2.t er t-But ylbenzofuran 

2962 
2958 
2965 
2963 
296! 
2965 
2970 
2970 

249 
300 
535 
290 
325 
190 
176 
220 

240 
330 
480 
270 
350 
210 
t90 
240 

It has  been  shown that  a he t e roa tom cons ide rab ly  r e d u c e s  the in tens i ty  of the absorp t ion  band of the double 
degene ra t e  s t r e t ch ing  v ib ra t ions  of  the CH 3 groups  of a b ranched  side chain.  With an i n c r e a s e  in the d i s tance  of the 
methy l  group f r o m  the h e t e r o a t o m ,  the in tens i ty  of the co r r e spond ing  band r i s e s ,  approx imat ing  to the in tens i ty  in the 
s p e c t r a  of the a lkanes .  This  i s  p a r t i c u l a r l y  t rue  fo r  3 -a lky l fu rans .  

This  method m a y  be useful  in de t e rmin ing  the s t r u c t u r e s  of s ide chains  in a lky l fu rans .  

EXPERIMENTAL 

The s p e c t r a  of the compounds s tudied w e r e  Obtained on a UR-10 s p e c t r o m e t e r  in the 700-1800-cm - l  and 2700-  
3200-cm - I  r eg ions .  The m e a s u r e m e n t  of the in tens i t i e s  of the C - - H  s t r e t ch ing  v ib ra t i ons  was c a r r i e d  out in CC14 
solut ions  in ce l l s  of constant  th ickness  a s  de sc r ibed  p r e v ious ly  [8]. 
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