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A series of ~, J-bis(5-nitro-2-furyl)polyalkenones has been synthe- 
sized by the condensation of 5-nitro-2-furylalkenc~les with fi-nitro- 
furan aldehydes in acetic acid (concentrated sulfuric acid catalyst). 
In the ~ .  ~'-bis(5-nitro-2-ft~yl)polyalkenone series, the keto group 
acts as a partial iusulat~ of conjugation, which is shown most 
clearly in the case of 1, 3-bis(f'-nitlo-2"-fmT1)prop-2-en-l-one 
and 1, 5-bis(f'-nitro-2-fmyl)-penra-2,4-dien-l-one, i.e. compounds 
having the keto group directly linked to a 5-nitrofuran ring. The 
electronic spectra of the semiearbazones of the r eJ'-bis(f-ultro-2- 
furyl)polyalkenones exhibit a stronger disturbing effect of the con- 
jugation in the molecule than in the case of the ketones, which may 
be connected with a disturbance of coplanarity. In a amber of 
cases, the infrared spectra of the co, ~'-his(5-nitro-~-fmyl)polyal- 
kcnones exhibit splitting of the symmetrical and antisymmetrical 
vibrations of the nitro group. 

Us ing  funct ional  d e r i v a t i v e s  of 5 - n i t r o - 2 - f u r y l -  
po lya lkenes  of type I as  e x a m p l e s ,  we have  p r e v i o u s l y  
[3, 4] i nves t iga t ed  the  in f luence  of the  length  of the 
chain of  conjugat ion and of t e r m i n a l  subs t i tuen t s  on 
the  e l e c t r o n i c  and v i b r a t i o n a l  s p e c t r a  of t h e s e  c o m -  
pounds.  

R-tcn~cn) - x  

It ~ 5 - n i t r o - 2 - f u r y l  

X ~ CO OC2H ~. COCH3, CHO e t c .  

n ~ 0 , 1 , 2 , 3 , 4  

R - - (  C I I  = C l l ) ~  - - C O - - { C H  = ( H ) m  - -  I~ 

I I  

R ~ 5 - n i t r o - 2 - f t t t T i  

n ~ 1 ,2~  m = O, l j 2  

In d e v e l o p m e n t  of the  p r e c e d i n g  work ,  we  have  

s tudied a e a r b o n y l - c o n t a i n i n g  po lyene  s y s t e m  hav ing  
a 5 - n i t r o f u r y l  r a d i c a l  at each  end of the po lyene  chain .  
Of the  ~ ,  ~ - b i s ( 5 - n i t r o - 2 - f u r y l ) p o l y a l k c n o n e s  of 
type II c o n s i d e r e d  in the  p r e s e n t  p a p e r ,  b e f o r e  the  
beginning  of our  inves t iga t ions  only 1, 5 - b i s ( 5 ' - n i t r o -  
2 ' - f u r y l ) p e n t a - 1 , 4 - d i e n - 3 - o n e  (II, n = m --- 1) had 
been  s tudied [5-9].  

The s y m m e t r i c a l  and a s y m m e t r i c a l  ke tones  1I a r e  

e x t r e m e l y  i n t e r e s t i n g  m o d e l s  of conjugated  e l e c t r o n i c  
s y s t e m s  fo r  s p e c t r o s c o p i c  i nves t i ga t i ons .  F r o m  the  
point  of  v i e w  of e l e c t r o n  s p e c t r o s c o p y ,  a l l  the  s t r u c -  
tu ra l  e l e m e n t s  of the  m o l e c u l e s  of the  compounds  
s tudied  a r e  c h r o m o p h o r e s :  the n i t r o  group,  the  fu ran  

r ing ,  the ea rbony l  group,  and the  conjugated  e thy len ic  

* F o r  p a r t  VII, s e e  [1]. 

* * P r e l i m i n a r y  r e s u l t s  of the  p r e s e n t  i nves t i ga t i on  
w e r e  g iven  f o r  the f i r s t  t i m e  a t  the 2-nd  A l l - U n i o n  

Sc ien t i f i c  Con fe r ence  on the C h e m i s t r y  of F u r a n  

Compounds,  Sara tov ,  2 3 - 2 6  J a n u a r y ,  1962, s e e  [2]. 

bonds.  Al l  t h e s e  g roups  a r e  m o r e  o r  l e s s  c l o s e l y  
conjugated  and c o m e  in to  com plex  i n t e r ac t i on .  The  
e l e c t r o n - a c c e p t i n g  p r o p e r t i e s  of the  individual  s t r u c -  
t u r a l  e l e m e n t s  of  the  m o l e c u l e s  a r e  a l so  d i s t r i b u t e d  
in an e x t r e m e l y  p e c u l i a r  m a n n e r .  The  t e r m i n a l  g roups  
t h e m s e l v e s  exhibi t  conjugat ion of the  s t rong ly  e l e c t r o n -  
accep t ing  n i t r o  g roups  with  the  e l e c t r o n - d o n a t i n g  
fu r an  r i n g  and a r e  connec ted  by a ~br idge"  of e thy len ic  
bonds and a ke tonic  ca rbony l  group .  In t h e s e  c i r c u m -  
s t a n c e s  the  l a t t e r  i s ,  as  was  shown p r e v i o u s l y  [10,11] ,  
only an i n c o m p l e t e  i n su la to r  of i n t r a m o l e c u l a r  i n t e r -  
ac t ions .  

Two l i m i t i n g  c a s e s  may  be  c o n s i d e r e d  as the  
s t a r t i n g  poin t  of the  inves t iga t ion :  a) the two t e r m i n a l  
5 - n i t r o f u r y l  r a d i c a l s  c o m p l e t e l y  i s o l a t e d  f r o m  one 
ano the r ,  as  i s  the c a s e  in b i s ( 5 - n i t r o - 2 - f u r y l )  su l f ide  

CKI). The  s p e c t r u m  of th is  compound d i f f e r s  f r o m  
the  s p e c t r u m  of 5 - n i t r o f u r a n  only by the  doubled 
in tens i ty  of the bands ,  wi th  a v e r y  s l igh t  d i s p l a c e m e n t  
[12] ; b) the  two t e r m i n a l  5 - n i t r o f u r y l  r a d i c a l s  d i r e c t l y  
conjugated ,  a s  i s  the c a s e  (see  F ig .  1) in 5, 5W-dini - 
t r ob i fu ry I  (IV). H e r e  the  g e n e r a l  p a t t e r n  of the  s t r u c -  
t u r e  of  the s p e c t r a  of the  5 - n i t r o f u r a n s  is  p r e s e r v e d ,  
but  t h e r e  i s  a m a r k e d  b a t h o c h r o m i c  shi f t  of  the l o n g -  
w a v e  band and s t r o n g  h y p e r c h r o m i s m  as  c o m p a r e d  
with the s p e c t r u m  of 5 - n i t r o f u r a n .  

I I I  I u  

The compounds  of  type  II tha t  we  have  s tud ied  
exhibi t  v a r i o u s  i n t e r m e d i a t e  e f f ec t s .  On the  one hand, 
i n t h e  a s y m m e t r i c  w, w ' - b i s ( 5 - n i t r o - 2 - f u r y l ) p o l y a l -  

kenones  the  keto  g roup  loca t ed  c l o s e  to a n i t r o f u r a n  
r i n g  ac ts  as  a kind of po ten t i a l  b a r r i e r ,  which is  
shown in the  p r e s e n c e  of two d i s s i m i l a r  e l e c t r o n i c  
s y s t e m s  of the  c o r r e s p o n d i n g  p a r t s  of the  m o l e c u l e  
on the  two s ide s  of the  ke to  g roup .  F o r  e x a m p l e ,  f o r  

compound II,  n = 1 ,  m = 0, and f o r  H, n = 2, m = 0, 

in the l o n g - w a v e  r e g i o n  of the  e l e c t r o n i c  s p e c t r a  t h e r e  
a r e  two abso rp t ion  m a x i m a  (at 365 and 315 n m  and 

at  395 and 315 nm,  r e s p e c t i v e l y )  which  a r e  e x t r e m e l y  
c l o s e  to  the  c o r r e s p o n d i n g  v a l u e s  fo r  a ldehydes  and 

ke tones  of type  I con ta in ing  only one 5 - n i t r o f u r a n  

group ,  i . e .  compounds  Ia,  n = 1 ; Ib, n = 1 ; fa, n -- 0; 
Ib, n = 0; Ia,  n = 2; and Ib, n = 2 ( see  Tab le  1)- 

On the  o the r  hand, in the  s p e c t r a  of the  kc tones  
II s o m e  b a t h o c h r o m i c  sh i f t  i s  n e v e r t h e l e s s  o b s e r v e d  
in c o m p a r i s o n  with  t h e i r  m o n o - 5 - n i t r o f u r y l  ana log  I, 

which  can  be  exp la ined  by the  a p p e a r a n c e  of a " r e s i d u a l "  
conjugat ion  e f fec t  t ak ing  p l a c e  th rough  the  ke to  group.  
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It mus t  be  men t ioned  that  in  the case  of compound 
II, n = 2, m = 1, we have been  unab le  to detect  any 
sp l i t t ing  of the long-wave  band in  the e l ec t ron ic  spec t r a  
into two max ima .  Th i s  is  appa ren t ly  due to the fact  that 
as the keto group r e c e d e s  f r o m  the fu r an  r i n g  the 
s t e r i c  h ind rance  to the favorabIe  r e l a t i v e  pos i t ion  
of the ~ - e l e c t r o n  s y s t e m s  of the keto group and the 
polyene  chain,  becomes  weaker ,  which fac i l i t a tes  
the t r a n s f e r  of the mutua l  e l ec t ron ic  inf luence .  

On the o ther  band,  in  the  absorp t ion  s p e c t r a  of the 
s y m m e t r i c a l  ketones  II, n = m = 1 and II, n = m = 2, 
as  was  to be expected,  no sp l i t t ing  of the long-wave  
band is obse rved  and the e l ec t ron ic  s p e c t r u m  of these  
compounds g ives  the p a t t e r n  c h a r a c t e r i s t i c  for  d e r i -  
v a t i v e s  of 5 - n i t r o f u r a n ,  which we have s tudied in  
detai l  p r ev ious ly  [3,12] and the developing in tense  
long-wave  and the l e s s  i n t ense  shor twave band.  

On compar ing  the 5 - n i t r o p y r a n  ke tones  that  we 
have s tudied with the co r r e spond ing  fu rans  and a r o -  
mat ic  compounds  i t  is  easy to f ind def ini te  laws in  
the change of the long-wave  absorp t ion  m a x i m u m .  
Thus,  for  example ,  while  chalcone  [ 1 , 3 - b i s p h e n y l -  
p r o p - 2 - e n - l - o n e |  has i t s  absorp t ion  m a x i m u m  at 
310 n m  [10,11],  the co r r e spond ing  f igures  for  I ,  3 -  
bis{2 ' - fu ry l )p rop-2  -en-1  -one  and for  1 , 3 - h i s - ( 5 '  - 
n i t r o - 2 ' - f u ~ l ) p r o p - 2 - e n - l - o n e  (II, n = 1, m = 0) 
a r e  351 and 365 rim, r e spec t i ve ly .  We, see  the re fo re ,  
that  the tong-wave abso rp t ion  band in  the s e r i e s  of 
t e r m i n a l  subs t i tuen t s  pheny l - ,  2 - b u t y l - ,  and 5 - n i t r o -  
2 - f u r y t -  shif ts  s u c c e s s i v e l y  in the d i r ec t i on  of sho r t e r  
waves .  It is  worthy of note  that  the ba thoeh romie  
cont r ibu t ion  of the n i t ro  group is  compara t ive ly  sma l l ,  
14 rim. A s i m i l a r  shift  in  the m a x i m a  is  obse rved  in  
the fol lowing sequence :  1 , 5 - b i s - p h e n y l p e n t a - 1 , 4 -  
d ien-2 -one,  1, 5 -b i s  (2 ' - f u r y t ) p e n t a - 1 , 4 - d i e n - 3 - o n e ,  
and 1 ,5  -b i s  (5 ' - n i t r o - 2  ' - fu ry l )pen ta  - 1 , 4 - d i e n  -3 -one ,  
II, n = m = 1, where  the co r r e spond ing  v a l u e s  of 
the tong-wave  abso rp t ion  m a x i m u m  a r e :  320, 370, 
and 375 nm.  

A s i m i l a r  effect is obse rved  in the fu ran  analogs 
and v inylogs  of chalcone [10, I I ] .  The ana lys i s  of 
this  phenomenon  has  led  the authors  of these  s tudies  
to the conc lus ion  that  in  these  mo lecu l e s  t he r e  a re  
" sepa ra t e  eh romophores"  and that  each band m u s t  
be  as s igned  to t r a n s i t i o n s  within d i s t inc t  e l ec t ron ic  
s y s t e m s .  The opinions  of the authors  differ  only with 
r e s p e c t  to the ques t ion  of the a s s i g n m e n t  of the bands  
to the p a r t i c u l a r  funct ional  groups  in  the mo lecu l e s .  

~ s  36S n m  

2 2 5  ~ 3 0 0  n m  

s 

Fig. 1. E l e c t r o n i c  absorp t ion  s p e c t r a  of 2 - n i t r o -  
f u r an  (1) and 5, 5 ' - d i n i t r o b i f u r y l  (2) (in ethanol) .  

However,  ca re fu l  inves t iga t ions  c a r r i e d  out s u b -  
sequentIy,  in  p a r t i c u l a r  inves t iga t ions  of the d ich-  

r o i s m  of the e l ec t ron  bands ,  the ana lys i s  of the v i b -  
r a t iona l  s t r u c t u r e  of the bands  at low t e m p e r a t u r e s ,  

Table  3 

F r e q u e n c i e s  of the Symmet r i ca l  (v s) and 
A n t i s y m m e t r i c a l  (~as) Vibra t ions  of the 

Nit ro  Group 

Ket ones  n 

n m 

! 0 

2 
2 1 
2 2 

'v ~,~0 ~ , cm -1 ] v ~,So~ , cm -1 

i 
1360 1540; 1550 

I350; 1360 1510; 1520 
|356; I370 1520; 1537 
1350; 1365 1510 
1358; 1373 1520 

and the study of the R a m a a  s p e c t r a  [13,14] and the 
i n f r a r e d  absorp t ion  s p e c t r a  [4] and, f ina l ly ,  q u a n t u m -  
mechan ica l  ca lcu la t ions  compel  a r e c o n s i d e r a t i o n  
of this  po in t  of v iew.  More convinc ing  is  a t r e a t m e n t  
of the bands  as the r e s u l t  of v a r i o u s  e l ec t ron ic  t r a n s i -  
t ions  wi th in  a s ing le  v - e l e c t r o n i c  s y s t e m  extending 
throughout  the molecu le .  The r e l a t i v e  " s t a b i l i ~ "  of 
the shor twave  band  is  expla ined by the r e l a t i ve ly  
cons tan t  pos i t ion  of the h igher  f r ee  e l ec t ron i c  l e v e l s ,  
as i s  con f i rmed  by ca l cu la t ions  that  wil l  be  pub l i shed  
in  one of our  fu tu re  c o m m u n i c a t i o n s .  A cu r ious  pa t t e rn  
is  obse rved  in  the e l ec t ron i c  absorp t ion  s p e c t r a  of 
the s e m i c a r b a z o n e s  of the w, w' - b i s ( 5 - n i t r o - 2  -furyI) 
po lya lkenones  that  we have obta ined  (see Table  2). 

Even the s e m i e a r b a z o n e  of 1, 3 - b i s ( 5 ' - n i t r o - 2 ' -  
n i t r o - 2 ' - f u r y t ) p r o p - 2 - e n - l - o n e  (V) g ives  an absorp t ion  
p a t t e r n  d i f fe r ing  l i t t le  f r o m  the e l ec t ron i c  s p e c t r u m  
of the s e m i c a r b a z o n e  of 5 - n i t r o f u r f u r a l  (IX) although, 
at f i r s t  s ight  i t  would appear  that  the s p e c t r u m  should 
exhibi t  a cons ide rab l e  ba thoch romic  shift .  This  pheno-  
menon  appea r s  s u c c e s s i v e l y  a lso  in  the s e m i c a r b a -  
zones  of VI and VII. Even in  the  v iny log  with the long-  
es t  polyene  chain,  absorp t ion  is no higher  than in 
the s e rn i ca rbazones  of f ~ - ( 5 - n i t r o - 2 - f u r y l ) ac ro l e in  
(X) and 1 - ( 5 ' - n i t r o - 2 ' - f u r y l ) - p e n t a - 2 , 5 - d i e n a l  (XI). 
An explanat ion  of this  may be given by the a s sumpt ion  
of p ronounced  s t e r i c  h i nd r a nc e  in t roduced  into the 
s y s t e m  of conjugat ion  of the mo lecu l e  of the s e m i -  
ca rbaz ide  grouping which, evident ly ,  l eads  to an 
enhancemen t  of the d i s t u r ba nc e  of cop lana r i ty .  

The f ea tu r e s  of the conjugated  s y s t e m s  of the 
ketones  II conta in ing  two 5 - n i t r o f u r a n  groupings  that  
have been  cons ide red  a lso  appear  in the i n f r a r e d  
spec t r a .  In c o n t r a s t  to the IR s p e c t r a  of the  m o n o -  
5 - n i t r o f u r a n  compounds  of type I that  we s tudied  
p r ev ious ly  [4], a sp l i t t ing  of the bands  of the s y m -  
m e t r i c a l  and a n t i s y m m e t r i e a l  v i b r a t i o n s  of the n i t ro  
group is  observed ,  as can be  seen  f r o m  Table  3. 

So fa r  as  conce rns  the syn thes i s  of the s y m m e t r i c a l  
and a n t i s y m m e t r i c a l  ke tones  of type II that  we have 
s tudied,  they were  obtained by the p r o t o n - c a t a l y z e d  
condensa t ion  of the 5 - n i t r o - 2 - f u r y l a l k e n a i s  Ia (n = 1, 
2) with the 5 - n i t r o - 2 - f u r y l a l k e n o n e s  Ib (m = 0 , 1 , 2 ) .  

- -  " 

~a I b  

As ca ta lys t ,  we u s e d  concen t r a t ed  su l fu r i c  acid 

and as so lvent  acet ic  acid.  
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Table  1 

E lec t ron ic  Spec t ra  of Some w, w ' - B i s ( 5 - n i t r o - 2 - f u r y l ) p o l y a l k e n o n e s  (II), 
5 - N i t r o - 2 - f u r y l o p o l y a l k e n a l s  (Ia), and 5 - N i t r o - 2 - f u r y l o p l y a l k e n o n e s  (Ib) 

Compound* hmax,  nm (log e)** 

365 (4.43), 315 (4_23), 235 (4.10) R - - C H : C H - - C O - - R  (II, n =  1; 
m=0)  

R - - C H ~ C H - - C H O  (Ia, n =  1) 
R- -CH~CH--CO--CH3 (Ih, n = 1) 
R--CHO (la, n=0)  
R--COCH3 (Ih, n=0)  
R--  ( C H : C H )  2--CO--R (II, n=2;  

rn=0) 
R--  (CH=CH)2--CHO (Ia, n=2) 
R--  (CH=CH) 2--CO--CHa (Ih, n = 2) 
R-- (CH=CH) ~--CO--CH-----CH--R (I I, n = 2; 

r e= l )  
R--CH=CH--CO--CH---~CH--R (II, n = m =  1) 
R-- (CH=CH)2--CO--  (CH---~ (II, n = m = 2 )  

: C H ) z - - R  

345 (4.28), 279 (3.79), 240 (4.03) 
340 (4.30), 285 (3.88), 239 (4.14) 

310(4.05), 226 (3.58) 
299 (4.00), 221 (3.88) 

395 (4.57), 315 (4.18) 230 (4.10) 

377 (4.50), 270 (4.20), 225 (3.75) 
377 (4.41), 274 (4.17) 
395 (4.65), 230 (4.12) 

375 (4.58), 240 (4.23) 
410 (4.73) 270 (4.23) 

*R = 5-nitro-2-furyl-. 
**In ethanol.  

Table  2 

E lec t ron ic  Spec t ra  of the S e m i c a r b a z o n e s  of w, w ' - B i s ( 5 - n i t r o - 2 - f u r y l ) -  
po lya lkenones  and 5 - N i t r o - 2 - f u r y l p o l y a l k e n a l s  

Compound* hmax, nm (log e) 

R - - C H = C H - - C  (=NNHCONH2)--R (V)** 
R - - C H = C H - - C  (=NNHCONH2)- -CH=CH--R (VI)** 
R--  (CH=CH) ~--C (~NNHCONH2) - -R (VI I) ** 
R--  (CH~CH) 2--C ( - -NNHCONH2)- -CH=CH--R 

(VIII)** 
R--CH=NNHCONH2 (IX)*** 
R- -CH=CH--CH=NNHCONH2 (X)*** 
R--  (CH~CH) 2--CH=NNHCONH2 (XI)*** 

369 (4.40), 255 (4.05) 
379 (4.66),293 (4.21),260 (4.15) 
385 (4.57), 269 (4.28) 

390 (4.64), 280 (4.42) 

367 (4.28), 264 (4.10) 
389 (4.36), 292 (4.29),245 (3.93) 
413 (4.47), 313 (4.45),240 (3.89) 

*R = 5-nitro-2-furyl-. 
**In a mixture o f  d imethyl formamide (5 ml)  and ethanol  (95 ml). The semicarbazones were first dis- 

solved in the  dimethyfformamide and the solution was then diluted with  the ethanol.  
* **In ethanol.  



C H E M I S T R Y  O F  H E T E R O C Y C L I C  C O M P O U N D S  3 0 3  

T a b l e  4 

w ,  w ' - B i s ( 5 - n i t r o - 2 - f u r y l ) p o l y a l k e n o n e s  H a n d  T h e i r  S e m i c a r b a z o n e s  

Compound 
t 

n ~ m 

Mp, ~ 
(decomp) 

Empirical [ Found,  % t Calculated, % i i . ! Yield, 
formula C 1 H N [ C i H i N i % 

205 - -207  CnH6N207 
199" 

208---210 CI~HaN207 
196--197  I C~sH1oN20z 

240 i CIzH~N20~ 

Ketones 

47.16 I 2.30 

51.57 ~ 2.63 
54.64 ! 3.22 
58_42 i 3.40 

Semicarbazones of  the  ketones 

247 C~2HgN~Oz : - -  
2 3 7 - - 2 3 8 * *  - -  i - -  

251 i Cl4HtiNnOz [: - -  
238 i C i 6 H l a N s 0 7  - -  

9.99 I 47_49 I _  , 2.1)'_ 

9-14t 51.33 2.65 
8.74I 54.58  303 
7.55 58.41 3.39 

- -  2 1 . 1 8  ! - -  

- -  18.92 t - -  
- -  17.72 [ - -  

10.07 77 
- -  56 
9.21 46 
8.48 55 
7.86 30 

20.89 ' - -  
- -  i - -  

1 9 . 3 9 -  
1 8 . 0 8  - -  

*According to the li terature [ 7 ], mp 1 9 7 "  C ,  1 9 8 - 2 0 0  ~ C. 
**According to the li terature [9], mp 237" C (deeomp).  
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I n  t h e  i n i t i a l  k e t o n e s  Ib ,  b e c a u s e  of  t h e  e l e c t r o n -  

a c c e p t i n g  i n f l u e n c e  of  t h e  n i t r o  g r o u p  t r a n s f e r r e d  
t h r o u g h  t h e  c h a i n  of  c o n j u g a t e d  b o n d s  a c o n s i d e r a b l e  
a c t i v a t i o n  of  t h e  t e r m i n a l  m e t h y l  g r o u p  t a k e s  p l a c e  
a n d  t h e r e f o r e  t h e s e  c o m p o u n d s  a r e  e x t r e m e l y  r e -  
a c t i v e .  

90 

80 

~ ~o 
40 

30 

2O 

111 

0 

Cone .  H 2 S O 4 ,  ml  

F i g .  2 .  Y i e l d  o f I I ( n = l ,  m = 0 )  a s  a 

f u n c t i o n  o f  t h e  a m o u n t  of s u l f u r i c  a c i d  
a d d e d  t o  t h e  r e a c t i o n  m e d i u m .  E x p e r i -  
m e n t a l  c o n d i t i o n s :  0 .  005 m o l e  of  5 -  
n i t r o f u r f u r a l  a n d  0.  005 m o l e  of  2 - a c e -  

t y l - 5 - n i t r o f u r a n  w e r e  c o n d e n s e d  i n  98% 
a c e t i c  a c i d  (15 m l )  a t  1 5 - 2 0  ~ C f o r  48  h r .  

O u r  e x p e r i m e n t s  h a v e  s h o w n  t h a t  t h e  s e l e c t i o n  of 

t h e  o p t i m u m  a m o u n t  of  c a t a l y s t s  h a s  a f u n d a m e n t a l  
i n f l u e n c e  on  t h e  y i e l d  of  t h e  k e t o n e  I I .  F o r  e x a m p l e ,  
w h e n  5 - n i t r o f u r f u r a l  w a s  c o n d e n s e d  w i t h  2 - a c e t y l - 5 -  

n i t r o f u r a u  i t  w a s  n e c e s s a r y  t o  u s e  a n  e x t r e m e l y  l a r g e  
a m o u n t  of  c o n c e n t r a t e d  s u l f u r i c  a c i d  ( s e e  F i g .  2) t o  
o b t a i n  t h e  m a x i m u m  y i e l d  of 1,  3 - b i s ( 5 W - n i t r o - 2  w- 

f u r y l ) p r o p - 2 - e n - l - o n e  (H, n = 1,  m = 0) ,  w h i l e  i n  

o t h e r  c a s e s  (H, n = 2 ,  m = 1) t h i s  a m o u n t  c o u l d  b e  
r e d u c e d .  

T h u s ,  f o r  e x a m p l e ,  o n  t h e  c o n d e n s a t i o n  of  ~ - ( 5 -  
n i t r o - 2 - i n r y l )  a c r o l e i n  a n d  1 - ( 5 ' n i t r o - 2  V - f u r y l ) b u t - 1 -  

e n - 3 - o n e  ( s e e  F i g .  3) ,  t h e  g r e a t e s t  y i e l d  of  1 , 7 - b i s  

(5 v - n i t r o - 2  ' - p r o p y l ) h e p t a - 1 ,  4 ,  6 - t r i e n - 3  - o n e  (H, n = 2 ,  

m = 1) w a s  f o u n d  w i t h  a n  a m o u n t  of  s u l f u r i c  a c i d  

c o n s i d e r a b l y  s m a l l e r  t h a n  i n  t h e  p r e c e d i n g  c a s e .  In  

t h i s  c a s e ,  w e  h a v e  t h e  a c t i v a t i n g  i n f l u e n c e  of  t h e  

~ - e l e c t r o n s  of  t h e  c o n j u g a t e d  v i n y l i d e n e  g r o u p s  o n  
t h e  r e a c t i v i t y  of b o t h  t h e  a l d e h y d e  g r o u p s  a n d  of  t h e  

t e r m i n a l  m e t h y l  g r o u p  of  t h e  i n i t i a l  k e t o n e ,  a n d  l e s s  

c a t a l y s t  i s  t h e r e f o r e  n e c e s s a r y .  I t  m u s t  a l s o  b e  

n o t e d  t h a t  w i t h  l e n g t h e n i n g  of  t h e  c h a i n  of  c o n j u g a t i o n  

t h e r e  i s  a n  e v e r - i n c r e a s i n g  t e n d e n c y  of  t h e  w, w T- 

b i s  ( 5 - n i t r o - 2  - f u r y l ) p o l y a l k e n o n e s  t o  u n d e r g o  r e s i n i f i -  

c a t i o n  i n  a c i d  m e d i a .  T h i s  c r e a t e s  d e f i n i t e  p r e p a r a -  

t i v e  d i f f i c u l t i e s ,  p a r t i c u l a r l y  w h e r e  a c i d  c a t a l y s t s  
a r e  u s e d .  N e v e r t h e l e s s ,  w e  s u c c e e d e d  i n  d e v e l o p i n g  

a m e t h o d  p u r i f i c a t i o n  o f  t h e  c o m p o u n d s  o b t a i n e d  w h i c h  

e n s u r e d  t h e  p o s s i b i l i t y  of  t h e  p r o d u c t i o n  of  m a t e r i a l  

s u f f i c i e n t l y  p u r e  f o r  t h e  p e r f o r m a n c e  of  s p e c t r o s c o p i c  
m e a s u r e m e n t s .  

W e  o b t a i n e d  a s e r i e s  of  w, co ~ - b i s ( 5 - n i t r o - 2 - f u r y l )  

p o l y a l k e n i c  k e t o n e s  of  t y p e  H a n d  a l s o  t h e  p r e v i o u s l y  

k n o w n  1 , 5 - b i s ( S V - n i t r o - 2  ' - f u r y l ) p e n t a - 1 ,  4 - d i e n - 3 - o n e  

(II, n = m = 1) w i t h  g o o d  y i e l d s .  T h e  y i e l d s  a n d  c h a r -  

a c t e r i s t i c s  of  t h e  k e t o n e s  m e n t i o n e d  a n d  of  t h e i r  

s e m i c a r b a z o n e s  a r e  g i v e n  i n  T a b l e  4 .  

In  c o n c l u s i o n ,  w e  m u s t  m e n t i o n  t h a t  1 , 9 - h i s ( 5  t -  

n i t r o - 2  W - f u r y l ) n o n a - 1 ,  3,  6 ,  8 - t e t r a e n - 5 - o n e  (II,  n = m = 
= 2) c a n  a l s o  b e  o b t a i n e d  b y  c o n d e n s i n g  2 m o l e s  of 
B - ( 5 ' - n i t r o - 2 ' - f u r y l ) a e r o l e i n  w i t h  1 m o l e  of  a c e t o n e  
[15] ; h o w e v e r ,  a s  o u r  e x p e r i m e n t s  s h o w e d ,  i n  t h i s  
c a s e  t h e  y i e l d  of p u r e  k e t o n e  i s  l ow  ( a b o u t  15% of  
t h e o r e t i c a l ) .  

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

m, w'-Bis(5-ni~o-2-fmT1)polyaLkonones H. [A. Karldinya took 
part in the experimental work]. With stirring (temperature not above 
15 ~ C), the catalyst, concen~ated sulfuric acid (d 1.84) was added 
in drops to a solution of 0.01 mole of a 5-ni~ofmau aldehyde Ia 
(n = 0. 1) and 0.01 mole of a ketone Ib (m = 0,1, 2) in acetic acid 
(98-100~). The amounts of acetic acid (A) and of sulfutic acid (X) 
were as follows: 

Starting materials * Acid 
Aldehydes Ia Ketones Ib A, ml X, ml 

R~CHO R--COCHa 30 15 
R--CHO R--CH~CH--COCI-Ia 30 4 
R--CH=CH--CHO R--COCHa 50 2 
R--CH~CH--CHO R--CH--CH--COCHa 50 3 
R--CH=CH--CHO R--(CH~CHh--  198 3 

- - c o C ~  
*R = 5-Nitro-2-~futyL 

The reaction mixture was kept at low teml~xatme for 48 hr (a 
longer time of standing leads to a decrease in the yield of the ketone 
II and an increase in the amount of resinous imporities) and poused 
into ice water ('~4-fold amount with respect to the acetic acid) 
and, after being kept in the refrigerator (at a temperature of 0 to 

C for 24 hi), the mixture was filtered and the residue was washed 
with distilled water to neu~ality and was dried first in the air and 
then in vacuum over phosphorus pentoxide. The crude product 
obtained in this way was dissolved with heating in anhydrous ethyl 
acetate. The solution of the ketone 1T saturated at room temperature 
was purified by passage through a column filled with active alumina 
(amount of the latter ~20 times the weight of the crude ketone) 
and then the solvent was distilled off in the vacuum of a water-jet 
pump to small bulk and the product that crystallized out was fil- 
tered off and reery~allized from dichloroethane. Data on the ket~ues 
II obtained in this way are given in Table 4. 
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C o n c .  H 2 S O 4 ,  m l  

F i g .  3 .  Y i e l d  of II  (n = 2 ,  m = 1) a s  a 

f u n c t i o n  of  t h e  a m o u n t  of s u l f u r i c  a c i d  

a d d e d  t o  t h e  r e a c t i o n  m e d i u m .  E x p e r i -  

m e n t a l  c o n d i t i o n s :  0 .  005  m o l e  of f l - (5-  
n i tro -2 - fury l )acro le in  a n d  0.  005  m o l e  

of  5 - n i t r o f u r f u r y l i d e n e a c e t o n e  w e r e  
c o n d e n s e d  i n  98% a c e t i c  a c i d  (25 m l )  

a t  1 5 " - 2 0  ~ C f o r  2 4  h r .  

Semiearbazones. To a solution of 0. 001 mole of a ketone II in 
hot ethanol was added 1.12 g (0. 01 mole) of semicarbazide hydro- 
chloride in 7 ml of water and the mixture was boiled in the water 
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bath under reflux for 5 hr. Then it was left to the following day 
at a temperature of 15-20" C, and the crystals that had deposited 
were filtered off, washed with water and hot acetone, and dried 
at 105 ~ C. Vacuum evaporation of the mother liquor gave an add- 
itional amount of the semicarbazone, which was washed with water 
and hot acetone. Data on the semiearbazones of the ketones II 
obtained in this way axe given in Table 4. 

Synthesis of I, 9-bisfS'-niuo-2'-furyl)aona-l, 3, 6, 8-te~aea-5-one 
(II, n = m = 2) by the condensation of 8-(5-niuo-2-furyl)acrolein with 
acetone. At 15 ~ C, 8 ml of coneenuated HzSOa and then, slowly, in 
drops over 4 hr, a solution of 120 g (0.02 mole) of acetone in 20 ml  
of acetic acid were added to a solution of 6.68 g (0.04 mole) of 
8-(5-nitxo-2-furyl)acrolein in 200 ml of 9t~]0 acetic acid. The 
mixture was left at 15~ ~ C for 48 hr and was then diluted with 
1200 ml of ice water, and after 1 hr the precipitate that had de-  
posited was filtered off and was washed with water and dried in the 
nix and then in vaeumu over phosphorous pentoxide. The crude 
product obtained was dissolved with heating in methyl acetate 
(about 3 l) and was purified by the passage of the solution through 
a column of active alumina. The solvent was distilled off in the 
vacuum of a water-jet  pump. The yield of the ketone II (n = m = 2) 
was 1.27 g (14.8%), mp > 240* C (deeomp.) .  The matet ial  obtained 
was identical with that obtained by the condensation of 8-(5-niuo-2- 
fu~yl)acrolein with 1-(5 '-niuo-2'furyl)hexa-1,  3-dien-5-one by the 
method that we have described above. 

The UV speeua were taken on an SF-4 A speetrophotometer. 
The IR specUa in the rangeS from 700 to 1700 and 3000 to 3200 
-1 cm were taken on UR-10 (Zeiss) and IAS-14 spectrometers. The 

carefully purified ketones were prepared in the form of mulls in 
paraffin oil or, for the f~equency ranges 1300-1500 and 3000-3200 
era- 1, in hexachlorobutadiene.  

The numerical valueS of the absorption frequencies* (cm -x) of 
the ketones II in the IR spectra were as follows: 

tI. n = 1; m = O: 693 (m), 723 (vw), 736 (m), 817 (s), 839 (vw), 
898 (vw). 961 (s) 978 (s), 1026 (vs), 1057 (s), 1175 (s) 1236 (sh), 1246 (vs), 
1285 (vw), 1330 (s), 1360 (vs), 1390 (s~, 1405 (sh), 1486 (m), 1540, 
1559 (s;d), 1580 (w), 1600 (vs), 1660 (s), 3065 (vw), 3142 (sh), 3167 

(m). 
II. n = m = 1:707 (w), 735 (m), 746 (vw), 810 (s), 821 (s), 851 

(w), 888 (vw), 904 (w), 956 (s), 966 (s), 977 (s), 992 (s), 1024 (s), 
1096 (vs). t160 (m), 1239 (vs), 1265 (sh), 1318 (sh), 1350, 1360 
(vs;d), 1400 (m), 1410 (sh), 1480 (s), 1510-1520 (d), 1570 (s), 1590 
(s), 1628 (VS), 1672 (s), 3050 (w), 3070 (vw), 3120-3130 (w;d). 
3140 (w), 3160 (m). 

n ,  n = 2; m = 0:738(m)0 768 (w), 80% 818 (s;d), 841 (m), 939(m), 
967 (m), 999 (vs), 1019 (s), 1073 (m), 1175 (m), 1237 (sh), 1255, 1263 
(s;d), 1282 (sh), 1288 (m). 1335 (vs), 1356, 1370 (vs,d), 1400 (s), 
1470 (z). 1490 (m), 1520 (s), 1537 (s), 1560 (vw), 1580 (sh), 1597 (vs), 
1620 (w), 1663 (vs), 3015 (vw), 3065 (w), 3132 (m), 3145 (sh), 3162 (m). 

1I, n = 2; m = 1:680 (m), 698 (vw), 714 (vw), 735 (s), 768 (w)0 
790 (m), 809 (s), 833 (m), 870 (w), 903(w), 95? (m). 974(m),  999 
(s), 1022 (s), 1089 (s), 1159 (w), 1205 (sh), 1240 (vs), 1268 (w), 1332 
(s), 1350, 1365 (vs,d), 1400 (m), 1485 (vs), 1512 (s), 1570 (sh), 1587 
(s), 1620 (s), 1672 (s), 3015 (vw), 3046 (w), 3060 (w), 3137 (m), 

3155 (m), 3170 (w). 

*The relative intensities are given in brackets: vs--very strong, 
s--strong, m--medium,  w--weak, vw--vesyweak,  d--double, sh-- 

shoulder. 

II, n = m = 2:718 (vw), 734 (s), 768 (vw), 793 (m). 806 (m), 
822 (vw), 845(m), 888(vs), 957(s), 968(w), 992(ws), 1020 (In), ].060 (w), 
1130 (m), 1166 (m), 1192 (m), 1234 (sh), 1252 (vs), 1318 (vs), 1358 
(vs), 1373 (vs), 1476 (vs), 1520 (vs), 1565 (w), 1595 (s), 1610 (sh), 
1625 (w), 1658 (s), 3030 (vw), 3060 (vw), 3130 (w), 3150 (m). 
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