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The reac t ion  of the ace ty lace tonyl  rad ica l  (generated f rom acety lace tone  by the action of m a n -  
ganeseace t a t e )  with vinylaeetylene,  2-vinylfuran,  and butadiene Was studied. The reac t ion  p r o -  
ceeds  nonreg iose lec t ive ly  with vinylacetylene:  3 - a c e t y l - 2 - m e t h y l - 5 - e t h y n y l -  and 3 - a c e t y l - 2 -  
methy l -  5 - (4 ' -  ace ty l -  5 ' -  me thy l -  2 ' - fu ry l )  - 4, 5-dihydrofurans  in a ra t io  of 1 : 2.2 were  isolated.  
The pr inc ipa l  p roducts  in the reac t ion  with 2-vinyl furan  and butadiene were  3 - a c e t y l - 2 - m e t h y l -  
5 - ( 2 ' - f u r y l ) -  and 3 - a e e t y l - 2 - m e t h y l - 5 - v i n y l - 4 , 5 - d i h y d r o f u r a n s .  

The reac t iv i t i e s  of ~ - o x o -  and a, a -d ioxoa lky l  r ad ica l s  genera ted  f r o m  monocarbonyl  and p -d i ca rbony l  
compounds by the act ion of manganese  (III) a c e t a t e  have been studied in detai l  in the l a s t  decade [2-12] .  1- 
Alkenes [3-5] ,  1-alkynes [~, 7], alkyl vinyl e thers  [8],  1,~-dienes [9],  and a romat i c  hydrocarbons  [a, 10] have 
been inves t igated as subs t r a t e s .  Regular i t ies  in the fo rmat ion  of sa tu ra ted  and unsatura ted ,  l inear ,  and cyclic  
products  have been detec ted  [ 3, 5, 11], the kinet ics  of the p r o c e s s  have been studied [ 12], and p r e p a r a t i v e  
methods for  the synthes is  of T- lac tones  [2],  c~-alkylated alkanals  [4],  1,4-diketones [8],  and subst i tuted di-  
hydrofurans  [ 10] have been proposed.  

In o r d e r  to develop methods for  the synthesis  of functional highly unsa tura ted  compounds it s eemed  of 
i n t e r e s t  to inves t iga te  the reac t ion  of the acety lacetonyl  rad ica l  with compounds that contain mult iple  bonds 
in the case  of vinylacetylene,  2-vinylfuran~ and butadiene. 

The reac t ion  of vinylacetylene with acety lacetone  p roceeds  nonregiose lec t ive ly ,  and the a t tack by the 
acetylacetonyl  r ad ica l  is d i rec ted  both at  the vinyl group and at  the ethynyl group. The resu l t ing  rad ica l s  a re  
oxidized by copper  (II) ace ta te  to the cor responding  carbonium ions A and B. Cycl izat ion of p ropargy l  c a r -  
bonium ion A leads  to 4 ,5-dihydrofuran I. Cycl izat ion of dienyl (allylvinyl) ea rbonium ion B leads to the in t e r -  
media te  fo rma t ion  of a furan der iva t ive ,  the seconda ry  reac t ion  of which with ace ty laee tone  leads  to 4 ,5-dihy-  
d ro fu ran  II. React ion products  I and II were  i so la ted  in a ra t io  of 1 : 2.2 by means  of column chromatography .  

The products  of the reac t ion  of butadiene and 2-vinyl furan  with ace ty lace tone  are  4 ,5-dihydrofurans  III 
and IV, which a r e  fo rmed  by cyclizat ion,  r espec t ive ly ,  of ally1 and fury lmethyl  ca rbonium ions A. The l a t t e r  
conf i rms  the p roposed  scheme  for  the fo rmat ion  of 4 ,5-dihydrofuran II, s ince 2-vinyl furan  is an analog of the 
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T A B L E  1. C o n s t a n t s  of  4 , 5 - D i h y d r o f u r a n s  I - I V  

C o i n -  I 
pound 

I 
II 

IlI 

IV 

i TLC, GLC, ~ 
Rf conditions bp, ~ %- (ml/min); 

tre t (min) 

-- 1,--0493 120: 35; 
0'4]a 28,8 
0,29 a I 

69~0  (l) 0,46 b 135:14,740; 

0,39 b 111--112 (1) 11,5358] 
I I 

Found, 
,~ I t~mpin - 

cal for- 
c I n lmula  

72,4 7,0 C9H,oO2 

67,61 7,0 C~4tI~O4 
7,7 C0ti1202 71,3 

68,4 6,5 CnH~203 

Calc., % 

72,0 6,7 

67,7 6,5 
7t,1 7,9 

58,8 6,5 

8 

I1 
46 

26 

a B e n z e n e - a c e t o n e  (10 : 1). b E t h e r .  

p r o p o s e d  i n t e r m e d i a t e  f u r a n  d e r i v a t i v e .  

Compounds  I - I V  have  UV, PMR,  and IR s p e c t r a  of  the  s a m e  type.  An  a b s o r p t i o n  band  of  a c y c l i c  f i-  
a l k o x y e n e  c h r o m o p h o r e  i s  o b s e r v e d  in  the  UV s p e c t r a  a t  275-280 n m  ( e 9000-10,000) .  L o n g - r a n g e  s p i n - s p i n  
coup l ing  (1.6 Hz)  b e t w e e n  the m e t h y l e n e  g roup  of  the  d i h y d r o f u r a n  r i n g  and the m e t h y l  g r o u p  a t t a c h e d  to the 
double  bond  a p p e a r s  in  the PMR s p e c t r a .  In II  and IV the  p r o t o n s  of the  m e t h y l e n e  g r o u p  of the d i h y d r o f u r a n  
r i ng ,  which  c o n t a i n s  a f u r a n  s u b s t i t u e n t  in the  5 p o s i t i o n ,  a r e  m a g n e t i c a l l y  equ iva l en t ,  w h e r e a s  the  ana logous  
p r o t o n s  f o r  p r o d u c t s  I and III a r e  nonequ iva len t ,  and th is  l e a d s  to s u b s t a n t i a l  c o m p l i c a t i o n  of the s p e c t r u m .  
In add i t ion ,  the  c h e m i c a l  sh i f t s  of  the  m e t h y l  g r o u p s  of  the d i h y d r o f u r a n  r i n g  (2 -CH 3 and 3-CH3CO ) in the 
P M R  s p e c t r u m  of II  in  d~-DMSO c o i n c i d e .  The u s e  of  d - p y r i d i n e  a s  the s o l v e n t  m a k e s  i t  p o s s i b l e  to r e c o r d  
the s i g n a l s  of  both  m e t h y l  g r o u p s  wi th  a d i f f e r e n c e  of  1.4 Hz in the  c h e m i c a l  sh i f t s .  Sp l i t t ing  of the f r e q u e n c y  
of  the  v i b r a t i o n  of the c o n j u g a t e d  double  bond  a t  1600-1620 c m  -1 i s  o b s e r v e d  in  the IR s p e c t r a  of  I - IV.  

The d a t a  o b t a i n e d  in  th is  r e s e a r c h  show tha t  c y c l i z a t i o n  i s  the  on ly  p a t h w a y  of  s t a b i l i z a t i o n  of  c a r b o n -  
i u m  ions  A and B, which  a r e  m o r e  s t a b l e  than a lky l  c a r b o n i u m  ions  owing to con juga t i on  wi th  m u l t i p l e  bonds .  
The f ac t  o f  c y c l i z a t i o n  of  the b e n z y l  c a r b o n i u m  ion  d e s c r i b e d  in  [ 10, 11] f i t s  into the e s t a b l i s h e d  r e g u l a r i t y .  

EXPERIMENTAL 

The PMR spectra of the compounds were recorded with a Perkin-Elmer RI2B spectrometer (60 MHz). 
The IR spectra of thin layers of the pure substances were obtained with a UR-10 spectrometer. The UV spec- 
tra of solutions of the compounds in ethanol were obtained with a Specord UV-vis spectrophorometer. The 
mass spectra were recorded with an MKh-1303 mass spectrometer with an ionizing-electron energy of 30 eV. 
Analysis by gas-liquid chromatography was accomplished with a Tsvet-104 chromatograph with a catharome- 
ter and a column (2 m by 3 ram) packed with 15% Apiezon L/Chromaton N-AW-DMCS (0.200-0.250 ram); the 
carrier gas was helium. Analysis by thin-layer chromatography (TLC) was carried out on Silufol UV-254 
plates with detection by iodine vapors. 

fl-(2-Furyl) acrylic acid was obtained from furfural and malonic acid by the method in [13]. 2-Vinyl- 
furan was obtained by pyrolysis of fi-(2-furyl)acrylic acid by the method in [ 14]. 

The constants and spectral characteristics of 4,5-dihydrofurans I-IV are presented in Tables 1 and 2. 

3-Aeetyl- 2-methyl- 5- ethynyl- and 3-Acetyl- 2-methyl- 5-(3- acetyl- 2- me thyl- 5- furyl)- 4, 5-dihydrofur ans 
(I, II). A 5.4-g (0.02-mole) sample of Mn(OAe)a. 2H20, and 2.0 g (0.02 mole) of acetylacetone were added to 
a solution of 4.4 g (0.02 mole) of Cu(OAc)2" 2H20 in 15 ml of acetic acid, and 4.3 g (0.04 mole) of vinylace- 
tylene was bubbled into the mixture (the flask was equipped with a dry-ice condenser) at 75~ in a nitrogen 
atmosphere until the brown coloration vanished (25-30 rain). The mixture was cooled to room temperature, 
and the precipitated Mn(OAc)2 was removed by filtration. The filtrate was diluted with I0 ml of water, and 
the aqueous mixture was salted out with NaCl and extracted with ether. The ether extract was washed with a 
saturated solution of Na2CO 3 and water and dried with Na2SO 4. The ether was removed by evaporation in 
vaeuo (15 rnm) on a water bath at 45~ (under the indicated conditions the unchanged acetylacetone was also 
r e m o v e d )  to g ive  960 nag of  a c r u d e  m i x t u r e  con ta in ing ,  a c c o r d i n g  to TLC da ta ,  two p r i n c i p a l  r e a c t i o n  p r o d -  
uc t s .  The  i n d i v i d u a l  c o m p o u n d s  w e r e  i s o l a t e d  by  m e a n s  of  c o l u m n  c h r o m a t o g r a p h y  wi th  a c o l u m n  wi th  an i n -  
n e r  d i a m e t e r  of  2.0 c m  f i l l ed  wi th  50.0 g of  W o e l m  S i l i c a  Ge l  (70-90  ~ m ) ;  the p r o d u c t s  w e r e  e lu t ed  wi th  b e n -  
z e n e - a c e t o n e  (10 : 1) ( the o v e r a l l  v o l u m e  w a s  275 m l )  a t  a m o b i l e  p h a s e  f low r a t e  of  1 m l / m i n .  Th is  p r o -  
c e d u r e  gave  123 mg o f  I and 275 m g  of IL P r o d u c t s  I and II u n d e r w e n t  a p p r e c i a b l e  r e s i n i f i c a t i o n  when they  
w e r e  h e a t e d  above  70~ and a l so  upon p r o l o n g e d  s t o r a g e .  
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TABLE 2. Spectral Characteristics of 4,5-Dihydrofurans I-IV 

C o m -  

p o u n d  

III 

IV 

IR spectrum, cm "1 

3280m, 3000 w, 2960 w, 
293ff w, 2880 w, 
2130 w. 1670 s, 1615, 
1600 sp~t, s, 
1420m, 1380s, 1365s, 
1225 s, 1140 ro~ 
1070 m, 1045 m, 
1005 m, 980m, 950m, 
938 s, 845 w 

3120 w, 3000 w, 2960m, 
2930 s, 2855 m, 
1700 rrk 1675 s, 1620, 
160fi split s, 
1566 s, 1420 s, 1370s. 
1320 m, 1225s. l138m, 
1065 m, 1020 m, 
1OO0 m, 945 n~ 930 s, 
885 m,840 w 

3090 w, 3020 w,2995 w., 
2930 m, 2870 w, 
1668 s, 1645 m, 1615, 
1600 split , s, 
1425 m, 1380 s, 
1360 m, 1315 w, 
1225 s, 1132 m, 
1065 m, 990m,942m, 
932 s, 850m 

3150 m, 3125 m, 3O0O m, 
2965 s, 2935 s~ 2830 s 
1678 s, I625, 1610 
sp~t m, 1510 m. 
1465 s, 1380 s, 1330m, 
1 2 7 0 m ,  1230s, 1155s, 
1140 s, 1072 s, 1040m, 
1020 s, 980 s, 970 s, 
945 s, 935 s, 880 s, 
825 m, 745 s 

UV spec- ] Mass 
trum, kmax PMR spectrum, ppm spee- 
nm (log e) tmm, 

M + 

275 (4,04) 

275 (3,97) 
208 (4,08) 

280 (3.96) 

(CCI0:2,15 (3H, s, 3-CH3CO), 
2,22 .(3H.. t.  2-CH3), 2,60 
(IH, a,, ethynyl H, 3,15 (2H, 
center of an AB system, each 
line a dq, CHAHB), 5,16 
(1H, d.d.d. 5-H), ]HA_HB= 
=14,0, ]2-CH3--HA(~) =1,6, 
]5-H--H A =8,4, /5-H--H B = 

= 10,2, J5-H-ethynyl-H =2,2 Hz 
(,~MCO-d6): 2,20 (6H, s,,super- 

imposition of 2-CHo and 3- 
CH.~CO signals), 2.40 (3H, s,, 
4-CHaCO), 2,56 d(3H, s, 
5-CH3), 3,26 (2H, q CH2), 
5,65 (1H, t, 5-H), 6,88 (IH, 
s, furan ring H 
/2-CH~--GH,~= 1,6, JCH~--5-H-- 
=9,6 Hz 

(CC14): 2,06 (3H, s. 3-CH3CO),. 
2,15 (3H, t, 2-CH3), 2,85 
(2H.center Of an AB svstem, 
each line a dq, CHAH'B, 
4,98 (IH, dddt l-ix), 
J2-CH3--HA( B} =I,6, JAB= 
= 13,8, lax = 10,0, JBX = 
=8,2 HH vifiyl group 
5,I6 (IH, HA'), 5,24 (IH, 
HB'), 5,85 (1H, Hc'), 
/B'C' = 16,6,/A'C' =9,7, ]A'B" = 
=2,0, / c 'x  =6,0, ]A'(B')--X = 
= 1,0 Hz 

(CC14): 2,10 (3H, s, 3-CHACO), 
2,15 (3H, t, 2-CH3), 3,13 
(2H, dq ,  CH2), 5,45 (1H, t, 
5-H), 6,30 (2H, d, furan ring 
3-H and 4-H), '/.35, 
(IH, t, 5-H), ]2-CHa--CH~ = 
= 1,6, /CH2--5-H = 9,6, 
JS-H--4(a)-H = 1,4 Hz 

278 (3,92) 
215 (3,86) 

150 

248 

152 

3 - A c e t y l - 2 - m e t h y l - 5 - v i n y l - 4 , 5 - d i h y d r o f u r a n  ( I I I ) .  S i m i l a r l y ,  t h e  r e a c t i o n  of  3 .0  g (13  m m o l e )  o f  

C u ( O A c ) 2 "  2H20  i n  140 m l  o f  a c e t i c  a c i d ,  53 .6  g ( 0 . 2 0  m o l e )  o f  M n ( O A c ) 3 "  2H20,  20 .0  g (0 .20  m o l e )  o f  a c e t y l -  

a c e t o n e ,  a n d  21 .6  g ( 0 . 4 0  m o l e )  o f  b u t a d i e n e  g a v e ,  a f t e r  d i s t i l l a t i o n  o f  t h e  c r u d e  m i x t u r e ,  7 .0  g o f  III.  

3 - A c e t y l - 2 - m e t h y l - 5 - ( 2 - f u r y l ) - 4 , 5 - d i h y d r o f u r a n  ( I V ) .  S i m i l a r l y ,  t h e  r e a c t i o n  of  1.7 g (8 m m o l e )  o f  

C u ( O A c ) 2 "  2H20  i n  70 m l  o f  a c e t i c  a c i d ,  32 .2  g (0 .12  m o l e )  of  M n ( O A c ) 3 "  2H20,  12 .0  g ( 0 . 1 2  m o l e )  o f  a c e t y l -  

a c e t o n e ,  a n d  11 .3  g ( 0 . 1 2  m o l e )  o f  2 - v i n y l f u r a n  g a v e ,  a f t e r  d i s t i l l a t i o n ,  5 .0  g o f  IV.  
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