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In the acylation of 3-methylfuran, acetyl and formyl groups enter predominantly into posi- 
tion 2 with the formation of 2-acetyl-3-methylfuran and 2-formyl-3-methylfuran;  the lat ter  
readily reacts with methyl ketones and methoxycarbonylmethylenetriphenylphosphoranes 
with the formation of the corresponding a,/3-unsaturated compounds. 

The possibility of the formylation of 3-methylfuran with the aid of HCN has been shown previously 
[1]; this gave 2-formyl-3-methylfuran with a yield of 56%. However, the properties of this compound were 
studied to only a small extent, although it is of interest  for the synthesis of some natural analogs of 3- 
me thylfur arts. 

We have investigated the behavior of 3-methylfuran in acetylation with acetic anhydride in the p res -  
ence of anhydrone [2, 3] and in formylation with dimethylformamide (DMFA) in the presence of POCI 3 [4]. 

It has been found that a methyl group in the/3 position of the furan ring orients the acyl groups p re -  
dominantly into the adjacent ~ position with the formation of 2-formyl-3-methyl-  and 2-acetyl-3-methyl-  
furans (I and II) with yields of 84.5 and 50~c, respectively.  Their structure was shown by the preparation 
of derivatives (Table 1), by analysis by IR, UV, and PMR spectroscopy, and by the oxidation of (I) to the 
known 3-methylfuran-2-carboxylic acid (liD. 

2-Substituted 3-methylfurans, like other furan derivatives, having a free ~ position, are smoothly 
nitrated with the formation of the corresponding 2-acyl-3-methyl-5-ni t rofurans (IV and V); the thiosemi- 
carbazone and 2,4-dinitrophenylhydrazone of (V) have been obtained. 

2-Formyl-3-methylfuran condenses with methyl ketones with the formation of ~,/3-unsaturated 
ketones (VI, VII) and it reacts  with methoxycarbonylmethylenetriphenylphosphorane with the formation of 
methyl/3-(3-methyl-2-furyl)acrylate  (VIII). 
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2-Subs t i tu ted  3 -Methy l fu rans  

Empirical Found,  % C a l e . ,  % Y i e l d .  

i 112 ~ 7 2 J ' i ' i ' ,r , 1,I 50 
' CrHgNsO= t 50,2,' 5,4 24,8', 50,215,9 25,1,90 
1~9L164 CrHgNaOS 1 1 1 5 0 s  50 23,2 50,3!5,0 22,9 72 

I-I NO '666'5'61126'667 56 130 118-- Ci2 12 2 2 I I ' I ' . . . .  60 

CsH NaO2 534165 232 530161 232 79 ' ' ' ]  ' ~ '  ' l  

CsI~4,N(~OS 48,8]55!21 0, 48,7 56121 3'70 
13 12 3 J 7t,8] 5,7j -- J 72,2, 5,6J -- J 75 

C14H1202 I 79,8 5,8' -- ; 79,2' 5,7] -- 176 
C2oHI~N405 ' 60,9 4,2 14,8' 61 2 4,1 14,3] 90 

CgHmO= 148,1169 -- 148,l 74l - -  165 

I I i I I i 

CH=N--NHCONH~ 
CH=N--NHCSNH2 I" 

tCH=N--N=CH--R' 
O I 119 

I1 C I 88* 
i \CI-Ia 
]CH=N--NHCONH= I(I~L 
iCH=N--NHCSNH2 170 
} I 160 

vIICH=CHCO--R' ~: ~72--73 
VII CH=CHCOC6Hs ',77--78 

]CH=C'H--C=N--NHC6Ha(NO,~)2 ~, 182-- 
I ! 183 

CsHs ! 
VIII CH CHCOOCHs 108-- 

I = 109 

*bp,  ~ ( p r e s s u r e ,  m m ) .  
Found:  S 17.32%. Ca lcu la ted :  S 

HaC 
, ~ , - - - f - %  

- N o  / 

17.49%. 

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

2 - F o r m y l - 3 - m e t h y l f u r a n  (I). With s t i r r i n g ,  25 g (0.15 mole)  of phosphorus  oxych lor ide  was added 
dropwise  over  25 min at a t e m p e r a t u r e  not  exceed ing  5~ t o  11 g (0.15 mole) of d i m e t h y l f o r m a m i d e  cooled  
to 0~ Then the mix tu re  was s t i r r e d  at  5~ for  30 rain, and 8,2 g (0.1 mole) of 3 - m e t h y l f u r a n  was added 
ove r  20 min in such  a wa y  that  the t e m p e r a t u r e  did not  r i s e  above 5~ Af te r  the end of the addit ion,  the 
mix tu r e  was  s t i r r e d  at -3~ for  30 min and at 10~ for  30 min .  The solut ion was  poured  onto ice,  
neu t r a l i z ed  with 30-35  g of sod ium ca rbona t e ,  and lef t  overnight ,  a f t e r  which it  was  e x t r a c t e d  with e t h e r .  
The e t h e r e a l  solut ion was d r i ed  with anhydrous  sod ium sulfa te ,  the so lvent  was  d is t i l l ed  off with the use  of 
a V ig reux  f rac t iona t ing  co lumn,  and the r e s idue  was d is t i l led  in vacuum;  bp 65-66~ (23 mm) ,  y ie ld  9.3 g.  
X m a  x 265 nm ( logs 4.08); VC= O 1690 c m  -1. PMR s p e c t r u m , *  p r o t o n s :  CHO group  9.43; C 4 6.06; C 5 6.95; 
CH 3 g roup  2.35 ppm.  The cons tan t s  of the aldehyde and i ts  de r iva t ives  are  given in the table .  

2 - A c e t y l - 3 - m e t h y l f u r a n  (1~). A mix tu re  of 8~2 g (0.1 mole)  of 3 - m e t h y l f u r a n ,  0,223 g of anhydrone ,  
and 11.7 ml  of ace t ic  anhydr ide  was  hea ted  in the wa te r  bath at  45~ for  45 min .  The r e a c t i o n  mix tu re  
g r adua l l y  da rkened ,  and then the bath was  r e m o v e d  and the mix tu re  was  hea ted  o v e r  a b u r n e r  f lame fo r  5 
min .  The c o l o r  changed  f r o m  brown to da rk  g reen  and then to da rk  viole t .  The r eac t i on  p roduc t  was  
poured  into co ld  wa te r ,  the mix tu re  was  s t i r r e d ,  and the o rgan ic  l a y e r  was  s e p a r a t e d  off. The aqueous 
l a y e r  was  neu t r a l i z e d  with sod ium ca rbona te  and e x t r a c t e d  with b e n z e n e .  The benzene  e x t r a c t s  and the o r -  
ganic  l a y e r  w e r e  combined ,  washed  with 5% sod ium ca rbona t e  solut ion and with wa te r ,  and d r i ed  ove r  an -  
hyd rous  sod ium su l fa te .  The benzene  was  e v a p o r a t e d  off, and the res idue  was d is t i l led  in vacuum at 88~ 
(10 ram).  The y ie ld  of  2 - a c e t y l - 3 - m e t h y l f u r a n  was 6.2 g .  ~ m a x  284 nm (log s 4.16); VC=  O 1680 c m  - l .  
PMR s p e c t r u m ,  p r o t o n s :  C 4 6.03; C 5 6.83; CH 3 g roup  2.33 ppm.  The cons tan t s  of (II) and its de r iva t ives ,  
obtained by  the usua l  me thods ,  a re  g iven in the table .  

3 - M e t h y l f u r a n - 2 - c a r b o x y l i c  acid (III) was  obtained by  a handbook method  [5]. A mix tu re  of  1.1 g of 
2 - f o r m y l - 3 - m e t h y l f u r a n  (I) was  s t i r r e d  with an aqueous suspens ion  of AgOH (obtained f r o m  1.7 g of AgNO 3 
in 10 ml  of w a t e r  and 0.44 g of  NaOH in 4 ml  of w a t e r ) f o r  10 min .  The so l id  m a t t e r  was  s e p a r a t e d  off and 
washed  with hot  wa t e r ,  the f i l t ra te  and the w a s h - w a t e r s  w e r e  ac idi f ied  with dilute (1 : 1) h y d r o c h l o r i c  acid,  
and the ac id  (IID was  e x t r a c t e d  with e the r .  E v a p o r a t i o n  of  the e the r  y i e l d e d 0 . 9 5 g o f  3 - m e t h y l f u r a n - 2 -  
ca rboxy l i c  ac id  with mp 133-134~ (accord ing  to the l i t e r a tu re  [1], mp 133-134~ 

* The PMR s p e c t r a  w e r e  taken on a a R Y a - 2 3 0 5  s p e c t r o m e t e r  at a work ing  f r equency  of 60 Mttz.  
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2 - F o r r n y l - 3 - m e t h y l - 5 - n i t r o f u r a n  (IV): At a t e m p e r a t u r e  of f rom - 9 to - 10~ 3.7 g of  HNO 3 (d 1.5) 
was added dropwise  to 8.4 g of acet ic  anhydride .  Then a solution of 1.1 g of 2 - f o r m y l - 3 - m e t h y l f u r a n  in 
2.5 g of acet ic  acid was added s lowly at  a t e m p e r a t u r e  of f rom -10  to -15~ and the mix ture  was s t i r r e d  
at -15~ for  2 h. After  this ,  it was poured onto c rushed  ice and was neut ra l ized  par t i a l ly  with 10~. NaOH 
solution and comple te ly  with sodium ca rbona te .  The yellow oil that s epa ra t ed  out was ex t rac ted  with e ther  
and t r ea t ed  with 2 g of pyr id ine .  After  15 rain, the e ther  was dis t i l led off under  vacuum {water pump).  The 
res idue  was poured onto ice and ex t rac ted  with e the r .  The e therea l  solution was washed with 10~c HC1 so lu-  
tion; a f te r  evapora t ion  of the e the r ,  the res idue  fo rmed  a v iscous  oil.  Compound (IV) was identified in the 
fo rm of its t h io semica rbazone ,  mp 166~ (f rom methanol) .  Found, ~ :  N 24.7; S 13.9. CTHsN403S. Ca lcu-  
lated,  %: N 24.6; S 14.1o 

2 - A c e t y l - 3 - m e t h y l - 5 - n i t r o f u r a n  (V). This was obtained f rom (II) by the same  method as (IV). Yellow 
oil .  Identified in the fo rm of de r iva t ives .  

Th iosemica rbazone :  mp 154-155~ (from ethanol).  Found, %: N 26.3; S 14.9. C~H10N4OS. Ca lcu-  
l a ted ,%:  N 2 6 . 6 ; S  15.3. 

2 ,4-Din i t rophenylhydrazone .  Red c r y s t a l s  with mp 141-142~ Found, ~ :  N 19.8. Cl~HIoN507. Ca l -  
cula ted.~ : N 20.1. 

2 - (3 -Me thy l -2 - fu r fu ry l i deneace ty l ) -3 -me thy l fu ran  (VI). To a solution of 0.22 g (2 mmoles )  of 2-  
f o r m y l - 3 - m e t h y l f u r a n  (I) in the min imum amount of ethanol was added 0.29 g (2 mmoles )  of 2 - a c e t y l - 3 -  
methyl furan  (II) followed, with s t i r r ing  and cooling with ice water ,  by 0.4 ml  of 20% caust ic  soda in drops .  
The oil that s epa ra t ed  out was ex t rac ted  with e the r  and the res idue  f rom the evapora t ion  of the e ther  {yel- 
low needles) was r e c r y s t a l l i z e d  f r o m  methanol .  Yield 0.3 g. The constants  of compound (VI) and its 
de r iva t ives  a re  given in Table 1. 

3-Methyl furfuryl ideneacetophenone (VII). This was obtained in a s i m i l a r  manner  to (VI) f rom 0.22 g 
(2 mmoles )  of (I), 0.24 g (2 mmoles )  of acetophenone,  3 ml  of ethanol,  and 0.4 ml  of 20% caust ic  soda solu-  
t ion. Yield 0.3 g. Yellow c r y s t a l s .  Cha rac t e r i zed  by the 2 .4-dini t rophenylhydrazone (Table 1). 

Methyl ~ - (3 -M e t hy l -2 - fu ry l ) ac ry l a t e  (VIII). A solution of 0.55 g (5 mmoles )  of 2 - f o r m y i - 3 - m e t h y l -  
furan and 1.67 g of methoxycarbonylmethy lene t r iphenylphosphorane  in 7.5 ml  of benzene was heated in the 
water  bath under  re f lux  for  10 h. Then the reac t ion  mix ture  was sepa ra t ed  on a ch romatograph ic  column 
of a lumina (with benzene as the eluent) .  The product  was r e c r y s t a l l i z e d  f rom aqueous ethanol.  Yield 
0.54 g (Table 1). Yellow c r y s t a l s .  
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