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The r eac t i on  of 5 - h a l o -  and 5 - n i t r o f u r f u r a l s  with methyl  e thyl  ketone was inves t iga ted .  It 
was e s t a b l i s h e d  that  the  5 -ha lo fu r fu r a l s  fo rm 1 ,5-b is  ( 5 ' - h a l o - 2 ' - f u r y l ) - 2 - m e t h y l - l , 4 - p e n t a -  
d i e n - 3 - o n e s  in a lka l ine  m e d i a .  In ac id  me d ium,  5 - n i t r o f u r f u r a l  g ives  p r i m a r i l y  1 - ( 5 ' -  
n i t r o - 2 ' - f u r y l ) - 2 - m e t h y l - l - b u t e n - 3 - o n e ,  which r e a d i l y  condenses  with ha lo fu r fu r a l s  in 
a lka l ine  m e d i a .  The IR s p e c t r a  of the pentad ienones  a r e  p r e s e n t e d .  

In o r d e r  to explain the r e g u l a r i t i e s  in the syn thes i s  of u n s a t u r a t e d  ketones  of the furan s e r i e s  and to 
obtain new b io log ica l ly  ac t ive  s u b s t a n c e s ,  we s tud ied  the condensa t ion  of 5 - h a l o -  and 5 - n i t r o f u r f u r a l s  with 
methyl  ethyl  ke tone .  

Desp i te  the l i t e r a t u r e  da ta  [1], i t  t u rned  out that  the condensa t ion  of 5 - h a l o f u r f u r a l s  with methyl  
e thyl  ketone in a lka l ine  m e d i a  p roceeds  ju s t  as r e a d i l y  as  with acetone [2] to fo rm the p r e v i o u s l y  unde-  
s c r i b e d  s t ab le  1 , 5 - b i s ( 5 ' - h a l o - 2 ' - f u r y l ) - 2 - m e t h y l - l , 4 - p e n t a d i e n - 3 - o n e s  in good y ie lds  (up to  80%) (see 
Table  1). When a I a rge  exces s  of methyl  ethyl ketone is used ,  1 - ( 5 - i o d o - 2 ' - f u r y l ) - 2 - m e t h y l - l - b u t e n - 3 -  
one (II, X = I), which is  uns tab le  and r e s i n i f i e s  on s t o r a g e ,  can be i so l a t ed .  

The condensat ion  of 5 - n i t r o f u r f u r a l  with methyl  ethyl  ketone has  not yet  been d e s c r i b e d .  In view of 
the fact  that  5 - n i t r o f u r f u r a l  is  v e r y  s ens i t i ve  to a lka l i s ,  i ts  condensa t ion  with methyl  e thyl  ketone was c a r -  
r i e d  out in ace t i c  ac id  in the p r e s e n c e  of con c e n t r a t e d  H2SO 4. In c o n t r a s t  to the halogen d e r i v a t i v e s ,  1 - ( 5 ' -  
n i t r o - 2 ' - f u r y l ) - 2 - m e t h y l - l - b u t e n - 3 - o n e  (II, X = NO 2) is  f o rmed  in y ie lds  up to 80%. This  product  is ob-  
ta ined  in b e t t e r  y i e lds  (90%) d i r e c t l y  f rom 5 - n i t r o f u r f u r a l  d i a c e t a t e .  It r e a d i l y  unde rgoes  condensat ion  in 
a lka l ine  med ia  with 5 - h a l o f u r f u r a l s  to fo rm the p r e v ious ly  u n d e s c r i b e d  1 - ( 5 ' - n i t r o - 2  ' - f u r y l ) - 2 - m e t h y l - 5 -  
( 5 " - h a l o - 2 " - f u r y l ) - l , 4 - p e n t a d i e n - 3 - o n e s  (Ie-g).  

X lT--n Ctl O CH2CU2COCH 3 CH3 la-g 

CH a 
X=X'=gr, Cl, I, NO 2 11 

The compounds obtained,  which contain halogen in the furan r ing ,  l ike  b i s  (ha lofur fury l idene)aee tone  
[2], evolve halogen quant i ta t ive ly  on heat ing with c onc e n t r a t e d  HNO 3 and r e a d i l y  undergo  exchange of b r o -  
mine  by iodine with KI and exchange of b romine  and iodine by  a n i t ro  group with AgNO 2 . 

1 ,5 -Bi s  ( 5 ' - n i t r o - 2 ' - f u r y l ) - 2 - m e t h y l - l , 4 - p e n t a d i e n - 3 - o n e  (Id) was obtained in 60% y ie ld  by the con -  
densat ion  of II (X = NO2) with exces s  5 - n i t r o f u r f u r a l  d i a c e t a t e .  It can a l so  be obtained by the condensa t ion  
of me thy l  ethyl ketone with a l a r g e  e x c e s s  of 5 - n i t r o f u r f u r a l  d i ace t a t e  in ac id ic  med ia .  

Al l  of the ketones  obta ined a r e  yel low,  c r y s t a l l i n e  subs t ances  that  a r e  s l igh t ly  so luble  in cold  e t h a -  
nol,  m o r e  so lub le  in hot  e thanol ,  and quite so luble  in benzene ,  ace tone ,  c h l o r o f o r m ,  dioxane,  d i c h l o r o -  
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T A B L E  1. 

x - ~ c .  =~--co--cu = c n - - ~ x '  
clt o 

Comp. 

Ia 

Ib 

Ie 

Id 

Ie 

if 

Ig 

x x' mp, ~ 

C1 C1 83--84 

Br Br 95--96 

I I 152-- 
153 

NO2 231,5-- NO2 
232 

NO2 CI i85,5-- 
186 

NO~ Br 169-- 
169,5 

NO2 I 140-- 
141 

Empirical Ele- Found, Calc. 
formula ment ~ i % 

CI4H~oC1208 

C14HIoBr2Oa 

CI4HI[ 1203 

CI4HIoN207 

C14H1oCINO5 

Ci4HloBrNOs 

CI4HIo INO5 

24,00 23,87 

41,41 41,45 

51,621 52,87 

8,84 ] 8,80 

11,88 / 11,62 J 
4,8l I 4,55 

22,45 I 22,68 
3,50 I 3,97 

31,92 31,79 
3,49 3,51 

UV spectra.m_ 

~'max, Ig8 
um 

270 4,198 
334 4,313 
272 4,147 
3~8 4,223 
230 4,130 
395 4.229 
230 4,022 
348 4,169 
228 I 4,004 
370 [ 4,289 
228 14,142 
370 [ 4,408 
226 4,197 
355 4,405 

T a b l e  1 (continued) 

Comp. 

I 
Ib 
Ie 
Id 
Ie 
If 
Ig 

Yield, % 

41 
80 
82 
51 

58 
62,7 
71 

mp, ~ 

172--172,5 
163--164 

201,5--202 
256--257 
220--221 

193,5--194 
188,5--189 

2, 4-Dinitrophenylh 

empirical formula 

C2oHt4CI2N406 
C2oH14Br2N4O6 
C~oH14 IzN406 
C2oHI4N6OIo 
C2oHI4CIN~O8 
C26HI4BrNsO8 
C2oHI4INsOs 

tdrazones 

found 

11,22 
t0,19 
8,81 

16,91 
14,78 
13,00 
12,13 

N, % 

calculated 

11,74 
9,88 
8,50 

17,06 
14,35 
13,16 
12,09 

e thane ,  and g l a c i a l  a c e t i c  ac id ,  and i n s o l u b l e  in w a t e r .  B r i g h t l y  c o l o r e d  so lu t i ons  f o r m  when  they  a r e  d i s -  

s o l v e d  in c o n c e n t r a t e d  H2SO 4. The  s o l u t i o n s  a r e  d e c o m p o s e d  by a so lu t ion  of b r o m i n e  in c a r b o n  t e t r a c h l o -  
r i d e .  

The  p h y s i c a l  c o n s t a n t s ,  a n a l y t i c a l  r e s u l t s ,  and UV s p e c t r a  fo r  a l l  of the  newly  ob ta ined  c o m p o u n d s  
a r e  p r e s e n t e d  in T a b l e  1. 

C o m p o u n d  II (X = NO2) has  c l e a r l y  e x p r e s s e d  b a c t e r i o s t a t i c  a c t i v i t y  [3]. 

F o r  a m o r e  d e t a i l e d  s tudy  of the s t r u c t u r e s  of  the  c o m p o u n d s  ob ta ined ,  we  r e c o r d e d  t h e i r  IR s p e c t r a  
(Table  2) f r o m  600 to 1800 c m  -1, which  e n c o m p a s s e s  the  c h a r a c t e r i s t i c  v i b r a t i o n s  of  the  c a r b o n y l  g r o u p ,  
the fu ran  r i ng ,  the  double  bonds ,  the n i t r o  g roup ,  the m e t h y l  g r o u p ,  e t c .  The  IR s p e c t r a  of  m i n e r a l  o i l  s u s -  
p e n s i o n s  w e r e  m e a s u r e d  w i t h  an IKS-14  s p e c t r o p h o t o m e t e r .  F o r  c o m p a r i s o n ,  we r e c o r d e d  the  s p e c t r a  of  
1 , 5 - b i s  ( 5 ' - n i t r o - 2 ' - f u r y l ) -  [4] and 1 , 5 - b i s  ( 5 ' - c h l o r o - 2 - f u r y l ) - s u b s t i t u t e d  [2] 1 , 4 - p e n t a d i e n - 3 - o n e s  Oh and I j ) .  
The  u n s a t u r a t e d  k e t o n e s  tha t  we  i n v e s t i g a t e d  h a v e  a b s o r p t i o n  m a x i m a  at  1625-1646  c m  -1, which  a r e  c h a r a c -  
t e r i s t i c  fo r  the v a l e n c e  v i b r a t i o n s  of  the  c a r b o n y l  g r o u p .  The  i n t roduc t ion  of e l e c t r o n - d o n o r  o r  e l e c t r o n -  
a c c e p t o r  g r o u p s  into  the 5 -  and 5 ' - p o s i t i o n s  of the  fu ran  r i n g  r e s u l t s  ha a r e d u c t i o n  of the  u c =  O band.  (For  
e x a m p l e ,  VC= O is  1670 c m  -1 fo r  Ii ,  but  1625 and 1639 c m  -1 fo r  Ih and I j ,  r e s p e c t i v e l y . )  The  p r e s e n c e  of a 
m e t h y l  g r o u p  a t t a c h e d  to the  s e c o n d a r y  c a r b o n  a t o m  in 1 , 4 - p e n t a d i e n - 3 - o n e s  (Ia-c) is  no t  a p p r e c i a b l y  r e -  
f l e c t e d  in v C =  O (for e x a m p l e ,  1639 c m  -1 fo r  Ij ,  and 1635-1638 c m  -1 fo r  I a - c ) ,  wh i l e  the  p r e s e n c e  of a n i t r o  
g r o u p  ha the 5 - p o s i t i o n  of  the  fu r an  r i n g  has  an a p p r e c i a b l e  e f f e c t  on v C =  O ( c o m p a r e  1625 c m  -1 fo r  Ih and 
1631-1646  c m  -1 fo r  I d - g ) .  The  f r e q u e n c y  of the s y m m e t r i c  s t r e t c h i n g  v i b r a t i o n s  of the n i t r o  g r o u p  in I d - h  
i s  s o m e w h a t  l o w e r  as  c o m p a r e d  w i t h  the  known va lue  (1347-1365 c m  -1 [5]). The  a s y m m e t r i c  s t r e t c h i n g  
v i b r a t i o n s  of the  n i t r o  g r o u p  in the  s a m e  c o m p o u n d s  a r e  m a n i f e s t e d  as  i n t e n s e  bands  at  1528-1547  e m  -1 (as 
c o m p a r e d  wi th  1518-1594 c m  -1 [5]). The  fu ran  r i n g  can  be  d e t e c t e d  in I a - h  and Ij f r o m  i t s  ha -p lane  d e f o r m a -  
t ion v i b r a t i o n s  at 1235-1264 c m  -1 (1215-1252 c m  -~ [6]), the  pu l sa t i on  v i b r a t i o n s  of the  r i n g  a t  1006-1025 
c m  -1 (1013-1022 c m  -1 [7]), the o u t - o f - p l a n e  CH d e f o r m a t i o n  v i b r a t i o n s  at 962-976  c m - I ( 1 9 4 5 - 9 7 0  c m  -1 [6]), 
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and the ou t -of -p lane  deformat ion v ib ra t ions  of the furan r ing at 730-790 cm -1 (740-800 cm -1 [8]); r e p l a c e -  
men t  of the halogen by a n i t ro  group in the 5 posit ion of the furan r ing  lowers  the f requency of the out -of -  
plane deformat ion  v ibra t ions  by 52-53 cm - t .  

EXPERIMENTAL 

1,5-Bis (5'-halo-2'-furyl)-2-methyl-l,4-pentadien-3-ones (la-c). Methyl ethyl ketone (0.02 mole) and 
3 ml of a 4% aqueous sodium hydroxide solution were added with stirring at room temperature to a solution 
of 0.02 mole of the appropriate halofurfural in the minimum amount of ethanol. After 20-25 rain, the mix- 
ture gradually darkened, and fine yellowish crystals began to precipitate. The reaction mixture was stirred 
for another 30 rain. The precipitate was removed by filtration, washed with water, hydrochloric acid, and 
again with water until it gave a neutral reaction to Congo, and recrystallized from alcohol. 

l-(5'-Iodo-2'-furyl)-2-methyl-l-buten-3-one (If, X = I). Methyl ethyl ketone [2.16 g (0.03 mole)] and 
3 ml of 4% aqueous sodium hydroxide were added dropwise with stirring to a solution of 2.21 g (0.01 mole) 
of 5-iodofurfural in the minimum amount of ethanol, and the mixture was stirred for 2 h. The dark-yellow 
crystals were removed by filtration and washed with water, dilute hydrochloric acid, and again with water 
until they were neutral to Congo to give 1.38 g (50%) of a product with mp 130-131 ~ (from benzene). Found %: 

I 46.25. CgHgIO 2. Calculated ~c: I 45.96. UV spectrum: kmax 222, 278, 350 nm, loge 3.98, 3.93, 4.05. IR 
spectrum: vC= 0 1621 cm -I, vC= C 1576 cm -I, VCH 3 1365 cm -I, and, for the furan ring, 1247, 1006, 973, 
and 790 cm -i. 

The 2,4-dinitrophenylhydrazone was obtained as dark bordeaux-red crystals with mp 186 ~ (from acetic 
acid). Found~ N 12.08. C15HIsIN4Os. Calculated~c: N 12.28. 

l-(5'-Nitro-2'-furyl)-2-methyl-l-buten-3-one (II, X = NO2). &. Methyl ethyl ketone [36 g (0.5 mole)] 
and 5.8 ml of concentrated H2SO 4 were added dropwise with stirring to a solution of 70.5 g (0.5 mole) of 5- 
nitrofurfural in 125 ml of glacial acetic acid, The reaction mixture was allowed to stand in sunlight for 5 h 
and was then diluted with cold water. The precipitated dark-brown crystals were removed by filtration and 

washed with water to give l17.1g (60~c) of a product with mp 124.5-125 ~ (from benzene). Found %: C 55.85; 
H 4.90; N 7.23. CsHgNO ~. Calculated ~c: C 55.38; H 4.64; N 7.17. UV spectrum: kmax 240, 355 nm, loge 
4.65, 4.87. IR spectrum: vC= 0 1649 cm -I, vC= C 1615 cm -i, VCH 3 1371 cm -I, and, for the furan ring, 
1236, 1025, 962, and 809 cm -I. 

B. Concentrated H2SO r (2.7 ml) was added to a solution of 33 g of 5-nitrofurfural diacetate in 75 ml 
of glacial acetic acid, and the mixture was heatedon a water bath with stirring. The mixture was cooled, 
and 12.5 ml of methyl ethyl ketone and 3.3 ml of concentrated H2SO 4 were added. The mixture was worked 
up as in method A to give 78% of a product with mp 124.5-125 ~ (from benzene). This product did not depress 
the melting point of the product obtained by method A. The semicarbazone was obtained as yellow crystals 
with mp 245-246 ~ (from alcohol). FoundS: N 22.00. CIoHI2N404. Calculated%: N 22.21. The thiosemi- 
carbazone was obtained as orange crystals with mp 237-238.5 ~ (from acetic acid). Found %: N 21.02. 

CIoHI2N403S. Calculated%: N 20.80. The 2,4-dinitrophenylhydrazone was obtained as dark-red crystals 
with mp 265-266 ~ (from acetic  acid).  Found%:  N 18.92. C15H13N507. Ca lcu la ted%:  N 18.66. 

Oxidation of II (X = NO2) with concent ra ted  HNO 3 by the method in [9] (a) gave 5 -n i t ro fu rancarboxy l i c  
acid with mp 181-183 ~ (from alcohol) (rap 183-184 ~ [10]), while oxidation of II with sodium hypochlor i te  by 
the method in [11] (b) r e su l t s  in hydrolyt ic  cleavage to form 5 -n i t ro fu r fu ra l  (proved by chromatography) .  

1 , 5 - B i s ( 5 ' - n i t r o - 2 ' - f u r y l ) - 2 - m e t h y l - l , 4 - p e n t a d i e n - 3 - o n e  (Id). A. This compound was obtained in 
12~c yield as a side product  dur ing  the chromatographic  pur i f ica t ion of II (X = NO2). 

B. 5 -Ni t ro fu r fu ra l  [1.41 g (0.01 mole)] and 2.5 ml  of concent ra ted  H2SO 4 were  added to a solution of 
1.95 g (0.01 mole) of II (X = NO2) in 6 ml  of glacial  acetic acid.  The mix tu re  was allowed to stand in s u n -  
l ight  for 5 h and was then poured into cold wate r .  The resu l t ing  da rk -b rown  c r y s t a l s  were  removed  by 
f i l t ra t ion  and washed with water  to give 1.63 g (51%) of a product  with mp 231-232.5 ~ (from benzene) .  This 
product  did not depress  the mel t ing  point of the product  obtained by method A. 

C. Si lver  n i t r i t e  [0.040 g (0.002 mole)] was added to a solut ion of 0.049 g (0.001 mole) of Ic (X = X' = 
I) in 3 ml  of g lacia l  acet ic  acid.  The mix tu re  was allowed to s tand for 24 h and was then heated on a bo i l ing-  
water  bath. The r e su l t ing  prec ip i ta te  was removed  by f i l t r a t ion , ' and  the f i l t ra te  was diluted with cold water  
to prec ip i ta te  yellow c r y s t a l s .  A chromatographic  compar i son  of this product  with the products obtained by 
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methods A and B demons t ra ted  the i r  ident ical  cha rac t e r .  This  product did not  depress  the mel t ing  point of 
the products obtained by methods A and B. 

1 - ( 5 ' - N i t r o - 2 ' - f u r y l ) - 5 - ( 5 " - h a l o - 2 " - f u r y l ) - 2 - m e t h y l - l , 4 - p e n t a d i e n - 3 - o n e s  (Ie-g, X = NO2, X' = C1, 
Br,  I)~ A solution of 0.05 mole of 5-ha lofur fura l  in ethanol and 1 ml  of 10% aqueous sodium hydroxide were 
added with s t i r r i n g  at room t e m p e r a t u r e  to a solution of 0.05 mole of II (3: = NO2) in the m i n i m u m  amount  
of e thanol .  The reac t ion  mix tu re  was s t i r r e d  for 5-6 h and allowed to s tand for 24 h. The resu l t ing  p r e -  
c ipi tate  was removed by f i l t ra t ion .  
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