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One of us and Vol 'kenshtein [1] showed that the Pearsoh-Pope  method [2] of b locking the side chain of 
a romat ic  ketones with a luminum chloride makes it possible to change the brominat ion of 2 -ace to th ienone  in 
such a way that there is substitution in the  ring with the formation of ma in ly  4 -b romo-2-ace to th i enone .  It 
seemed interesting to de te rmine  how methy l -2 - fu ry l  ketone (MFK) would react  under s imi lar  conditions,as this 
compound is brominated in the side chain without cata lys t  [3] or in the presence of a very small  amount.  It is 
known [4-7] that in the halogenat ion of furan derivat ives with an e lec t ronegat ive  substituent in posit ion 2, the 
predominant  role is played by the a - o r i e n t i n g  effect  of the ring oxygen, which is apparent ly  stronger than the 
effect  of the heteroatom in thiophene.  For example ,  the brominat ion of furfural yields only 5-bromofurfural  
[4], while 2- th iophenealdehyde  forms a mixture of the 4-  and 5-isomers [8], though with a p redominance  of the 
lat ter .  Nonetheless,  according to Pearson (see above) the d i rec t ion  of the  reac t ion  in the brominat ion of MFK 
was more difficult  to de termine .  

It was also advantageous to de termine  how MFK would react  with an alkyl  hal ide  under conditions when 
this ketone is present in the form of a complex  with a luminum chloride.  In this connection,  it should be pointed 
out that the Fr iedel -Craf ts  a lkyla t ion  of furfural with isopropyl chloride forms 4-isopropylfurfural  [9] while t e r t -  
butyl enters position 5 of the nucleus to form 6- ter t -butyl fuffura l  [10]. 

The restdts we obtained may  be summarized as fol lows:  In the ac t ion of bromine on MFK at room temper -  
ature in the presence of 3 moles of a luminum chloride without solvent, the furan ring is a t tacked ,  but, in con-  
trast to the case of 2-ace to th ienone ,  the react ion with MFK could not be stopped at the format ion of a mono-  
bromo der ivat ive .  It was only with a low tempera ture  and a short exper iment  that it  was possible to isolate  a 
small  amotmt of the monobromo der ivat ive ,  m e t h y l - g - b r o m o - 2 - f u r y l  ketone,  together with methyl  4 ,4 -d ib romo-  
2-fury1 ketone (I), which forms the bulk of the product from the reac t ion  of bromine with MFK at room t e m p e r a -  
ture. The yield of the la t te r  was increased from 34 to 62% if the molar  rat io of bromine and MFK was 2: 1. 

The structure of (I) was demonstrated by oxidation to known 4 ,5 -d ib romo-2- fu ranca rboxy l i c  acid  (II), 
which was ident ica l  with (II) obtained by di rec t  brominat ion of 2- furancarboxyl ic  acid  [7]: 

(I) 

Brj  II 2 r' 
.., l!o; OO  

(II) 

Of the three methods of oxidizing (I), namely ,  with KsFe(CN)~ [11], KMnO 4 [3] or NaOOl [12], the last 
method was found to be the best; the ac id  yield was then 84%. 
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By the action of tert-butyl chloride on MFK in the presence of excess aluminum chloride we obtained 
methyl tert-butyl-2-furyl ketone (III). It was found to be identical in the melting points of the semicarbazone 
and 2,4-dinitrophenylhydrazone with the product we obtained by acetylation of tert-butylfuran (IV), which in its 
turn was synthesized by Gilman's method [13] by tert-butylation of methyl 2-furancarboxylic acid (V), hydro- 
lysis of (VI), and decarboxylation of the 5-tert-butyl-2-furancarboxylic acid (VII) formed. If, as Gilman con- 
sidered, we assume that this route leads to (IV), then our ketone, which was formed by the action of tert-butyl 
chloride on MFK, should be assigned structure (III). On oxidation with NaOC1 [12] this ketone gives (VII),de- 
scribed by the investigator mentioned. 

II ,m C.~H.C[ ii /i (CI-I~,CO)eO i," ! ]~ ~ 
0 . -  ~ ~ 0 *- - -  , - - -  

~.~ . / / , , ~ l . ~ l ,  3 '~.A 4 9 X  / ~ a - - ~  3 I - ' 4 t 1 9 \  C O O H  
0 O / "O / O 

( I l l )  (IV) (VII )  

C4Hg]~o)COOCT_ta*-- ' ~J]o~COOCH3 

(Vl) (v) 

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

Bromination of MFK. Over a period of 1.5 hr, 24.7 g of MFK was added to 89.7 g of A1CI 8 at 0-10" and 
then 27.7 ml of dry bromine was added to the complex dropwise at 20-25* over a period of 2 hr and the mixture 
left at 24-25* for 14 hr and then poured onto a mixture of ice and 10 ml of HC1. The oil liberated was extracted 
with ether and the extract washed with sodium carbonate and hyposulfite solutions and water, dried over MgSO 4, 
and vacuum distilled. Two distillations yielded 37.3 g of (I) (yield 62%0) with b.p. 98-110 ~ (4 ram) and m.p. 
54.5-55.5* from ligroin. Found: C 27.06; 26.96; H 1.73; 1.67; Br 58.75; 59.01%. C~,H4Br2Og. Calculated: C 
26.90; H 1.51; Br 59.66%. The oxime had m.p. 148-149. (with decomposition, from alcohol). Found: N 5.54; 
5.30%.C6H~r~NO z, Calculated: N 5.21%. We also isolated two bromides in amounts of 1.5 g and 0.75 g and 
the first of these was not investigated further, while the secondl which had m.p. 92-92.3* (from alcohol) was 
found to have the elementary composition: C6H3Br302. 

4,5-Dibromo-2-furancarboxylic acid (II). Oxidation [12] of 10.5 g of (I) yielded 8.9 g of (II) with m.p. 
168-168.5" (from water); the yield was 84.2%. Literature data [14]: re.p. 168-168.5". Found: C 22.21; 22.54; 
H 0.64; 0.74; Br 59.14; 59.33%. C~HzBrzO 3. Calculated: C 22.25; H 0.75; Br 59.22%o. 

Bromination of MFK at low temperature. T o  74.5 g of A1C1 s at 0-5* was added 20.5 g of MFK over a 
period of an hour and then 10.5 ml of bromine over a period of 1.5 hr at -5 to -6*. After being stirred for 40 rain 
at 21", the mixture was treated as in the first experiment. Two vacuum distillations yielded 1.45 g (4% yield) 
of methyl 5-bromo-2-furyl ketone with b.p. 73-75* (4 ram) and re.p. 94-95* (from ligroin). Found: C 38.26; 
38.42; H 2.70; 2.77%. C6HsBtO~. Calculated: C 28.12; H 2.6770. The oxime had m.p. 78-79* (from aqueous 
alcohol). Literature data [15]: the ketone has m.p. 94-95* and the oxime m.p. "/9.5". We also obtained 7.2 g 
(14% yield) of (I) with b.p. 98-110" (4 ram) and m.p. 54-55*. 

.Mefhyl 5-tert-butyl-2-furyl ketone (III). To 19.6 g of AtC13 at 5* was added 5.4 g of MFK over a period 
of 40 rain and then 4.5 g o f  t-CaHgC1 dropwise at 10-15"; the mixture was left at 25 ~ for 21 hr, heated at 30- 
40* for 2 hr, and treated as described above. Two distillations yielded 3.9 g (48o yield) of (III) with b.p. 78.5* 
(4 mm) and b.p. 125-126" (10 mm); n~ 1.4920; Found: C 71.71; 71.85; H 8.55; 8.47%. C10H1402. Calculated: 
C 72.26; H 8.49%. The semicarbazone had m.p. 200-201" (with decomposition, from alcohol, in a sealed tube). 
Found: N 18.43; 18.677o. C/aH17N3Og. Calculated: N 18.82%. The 2,4-dinitrophenylhydrazone had m.p. 219" 
(from ethylacetate-alcohol) .  Found: N 15.96; 16.15%. CI6H~0N4Os. Calculated: N 16.08%. In addition, we 
obtained 0.3 g of a substance which was not investigated. 

5-Tert-butyl-2-furancarboxylic acid (VII). Oxidation [12] of 1.2 g of (III) yielded 0.7 g (54% yield) of 
(VII) with m.p. 104-105" (from aqueous alcohol). It did not depress the melt ing point of (VII) obtained by hydro- 
lysis of (VI). Literature data [13]: m.p. 104-105". 
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Acetylation O f 5-tert-butylfuran. From 4.8 g of (IV) and 8.2 g of acetic anhydride inthe presence of 3.2 g 
of ZnCI~ [16] we obtained 3.9 g ( ' 6 1 %  yield) of (III) with b.p. 125-126" (10 mm); n~ 1.4921. The semicarba- 
zone (m.p. 200-201") and 2,4-dinitrophenylhydrazone (m.p. 219-220") did not depress the melting points of the 
samples described above. 

SUMMARY 

Methyl 2-furyl ketone is brominated in the nucleus in the presence of 3 moles of aluminum chloride with- 
out solvent. 
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