
EXPERIMENTAL 

The PMR spectra of solutions of the compounds in (CD3)2C0 were measured with a Tesla 
PPR spectrometer (60 MHz) with hexamethyldisiloxane as the internal standard. The mass 
spectra were recorded with an MS-902 apparatus (Jynni AEI). The dipole moments in benzene 
were determined. The measured concentrations of the solutions ranged from 0.0005 to 0.003 
mole fraction. The IR spectra were recorded with a UR-20 spectrometer. The UV spectra of 
ethanol solutions of the compounds (5.10-4-i-i0 -s M) were recorded with a Specord UV-vis 
spectrophotometer. Chromatography was carried out on a loose thin layer of A1203 (activity 
II) with elution by benzene--chloroform (i:i). 

l-Diethylamino-2-(5'-nitro-2'-furyl)ethylene (II). A 1.46 g (0.02 mole) sample of ~i~thyi 
amine was added to a solution of 2.18 g (0.01 mole) of l-bromo-2-(5'-nitro-2'-furyl)ethylene 
(I) in 50 ml of absolute acetone (benzene), and the resulting solution was allowed to stand 
at room temperature for 1-2 days. The precipitated diethylamine hydrobromide was separated, 
the filtrate was vacuum evaporated, and the residue was crystallized twice from heptane to 
give 1.9 g (40%)i of red-violet crystals of II with mp 63-65~ 

The characteristics and yields of enamines II-XII are presented in Table i. In some 
cases the enamines were purified by reprecipitation from benzene solution by the addition of 
ether. 

l-(5'-Nitro-2'-vinylfuryl)pyridinium Bromide (XIII). A solution of 2.18 g (0.01 mole) 
of I in 20 ml of pyridine was refluxed for 20 h, after which the excess pyridine was removed 
in vacuo, and ethanol was added to the residue~ The solution was refluxed with activated 
charcoal, ether was added, and the resulting precipitate was separated to give 2.5 g (85%) of 
yellow-white crystals with mp 217~ (from alcohol). 

Quaternary salts XIV and XV are similarly obtained (Table I). 

iI 
2. 

3. 

LITERATURE CITED 

D. Vegh, J. Kova~, and B. Hasova, Coll. Czech. Chem. Commun., 41, 614 (1976) 
M. G. Gruntfest, G. F. Potemkin, Yu. Vo Kolodyazhnyi, V. V. Zverev, Z. N. Nazarova, and 
O. A. Osipov, Zh. Org. Khim., 8, 404 (1972). 
A. G. Coon, Enamines. Synthesis, Structure, and Reactions, New York--London (1969), p. 381 

SYNTHESIS OF B-(4,5-DIHALOFURYL)ACRYLIC AND -PROPIOLIC ACIDS 

I. I. Popov, Z. N. Nazarova, 
and A. P. Chumak 

UDC 547.722.4'725.07 

Reaction of 4,5-dihalofurfurals withacetaldehyde and with carbethoxybromomethylene- 
phosphorane gave, respectively, 4,5-dihalofurylacroleins and B-(4,5-dihalo-2-furyl)- 
~-bromoacrylic acid esters. The latter were converted to 4,5-dihalo-2-furylpropiolic 
acids by the action of alkali. 

It is known that unsaturated furan-2-carboxylic acids have antimicrobial and fungistatic 
activity [i, 2]. In this connection it seemed of interest to accomplish the synthesis of un- 
saturated 4,5-dihalofurancarboxylic acids from 4,5-dihalofurfurals. Some B-(4,5-dihalofuryl)- 
2-acrylic acids have been previously obtained via the Wittig reaction [3]. The synthesis of 
these acids by condensation of 4,5-dihalofurfurals with acetaldehyde and subsequent oxidation 
of the resulting furylacroleins to furylacrylic acids seemed to be a promising method. 

We established that the reaction of 4,5-dibromo- and 4-bromo-5-iodofurfurals (la,b) 
with acetaldehyde in the presence of sodium hydroxide gives the rather stable 4,5-dibromo- 
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and 4-bromo-5-iodofurylacroleins (lla,b) for the confirmation of the structure of which we 
synthesized the oxime, semicarbazone, and thiosemicarbazone (IVa-c) of aldehyde lla. However, 
oxidation of furylacroleins lla,b with silver oxide gives B-(4,5-dihalofuryl)-2-acrylic acids 
llla,b in low yields (see [3]). 

The reaction of 4,5-dihalofurfurals la, b with carbethoxybromomethylenetripheny!phospho- 
rane (V)leads to ~-(4,5-dihalo-2-furyl)-a-bromoacrylic acid esters Via, b. The use of benzoic 
acid as a catalyst appreciably increases the reaction rate and the yields of esters Via, b. 
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B-(4,5-Dibromo-2-furyl)propionic acid (Vlla) was obtained by dehydrohalogenation of ester 
Via by the method in [4], whereas dehydrobromination with alcoholic KOH gives a difficult-to- 
separate mixture of B-(4,5-dibromo-2-furyl)-~-bromoacrylic acid and acid Vlla. However, 
propiolic acid Vllb was obtained in satisfactory yield from ester Vlb under these conditions. 

Attempts to accomplish the synthesis of 4,5-dihalo-2-ethynylfurans by decarboxylation of 
2-furylpropiolic acids Vlla,b were unsuccessful; resins were formed when these acids were 
steam distilled by the method in [5], heated in quinoline in the presence of copper sulfate 
[6], or subjected to thermal decarboxylation in vacuo by the method in [7]. 

EXPERIMENTAL 

The IR spectra of mineral oil pastes of the crystalline compounds were recorded with a 
UR-20 spectrometer. The physical constants and yields of the synthesized compounds are pre- 
sented in Table 1. 

B-(4,5-Dihalo-2-furyl)acroleins (lla, b). A 0.05 mole sample of 4,5-dihalofurfural la,- 
b was added at 0~ to i00 ml of 6% NaOH, after which a solution of 3.5 ml of acetaldehyde in 
15 ml of water was added with stirring in the course of 1.5 h, and the mixture was allowed to 
stand for 45 min. The condensation product was removed by filtration, washed with water, 
and dried over calcium chloride. CompoundslVa-c were obtained by mixing alcohol solutions 
of lla and the corresponding reaRent; the resulting precipitate was removed by filtration 
and crystallized from alcohol. 2-Furylacroleins lla~b were oxidized to acids Ilia, b with 
silver hydroxide by the method in [9]. 

Ethyl B-(4,5-dihalo-2-furyl)-a-bromoacrylates (Vla, b). A 0.03-mole sample of phospho- 
rane Vand 0.02 g of benzoic acid were added to a solution of 0.03 mole of la-b in 50 ml of 
warm benzene, and the mixture was allowed to stand at room temperature for 2 h. It was then 
refluxed for 8 h, during which the completion of the reaction was determined by means of thin- 
layer chromatography on AI20~. The benzene was removed by distillation, and the residue was 
chromatographed on activity III A1203 [elution with diethyl ether--petroleum ether (2:1)]; 
ester VI was separated from the triphenylphosphine oxide in the first portions of the eluate. 

4,5-Dibromo-2-furylpropiolic Acid (Vlla). A mixture of 5 g (120 mmole) of the ester and 
a solution of 2.7 g (480 mmole) of KOH in 120 ml of water was refluxed for 1.5 h, after which 
it was cooled and acidified with dilute HCI, and the precipitate was removed by filtration. 

4-Bromo-5-iodo-2-furylpropiolic Acid (Vllb). A 0.45 g (I0 mmole) sample of ester Vlb 
was added to a solution of 0.22 g (40 mmole) of KOH in i0 ml of ethanol, and the mixture 
was allowed to stand overnight. The solvent was removed by distillation, and the residue 
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TABLE i. 
Compounds 

Com- mp, 
pound .ca 

l la  129--130 
l l b  132--134 

I l i a  2423 
l l l b  174--175 
IVa c 180 
lVb-  210 
IVc c 123 -!24 
Via [68--69 
Vi'b 85--86 

VIIa 195 
Vl lb  [it0--19z 

Yields and Physical Constants of the Synthesized 

Found, % 

C I t  

29,7 1,3 
25,3 1,5 

28_1 
28,8 2,0 
26,9 1,6 
26,7 1,8 
23,9 1,7 
29,0 0,8 
24,5 0,9 

Br(l) 

57,5 
63,8 

54,5 
47,9 

6i3 
64,0 
54,4 
60,4 

Empir ical  
formula 

CTH4Br202 
CTH4BrlO3 
C?H4Br203 
CTH4BrlO3 
C?HsBr~NO2 
Cst~?Br~N302 
CsH?Br2N3OS 
CgHrBr303 
CgHTB~IO3 
CTH2Br=O~ 
CTH2BrlO3 

Calc., % 

C II Br(1) C=O 

30,0 1,4 57,1 " 1670 
25,7 1,2 63,3 1683 
- -  - -  - -  1670 

28,5 1,7 54,1 
28,5 2,1 47,5 
27,2 2,0 
26,8 1,7 59,41 
24,0 1,6 63,8 [ 
28,6 0,7 54,4 
24,6 0,6 60,7 

I 

IR spec- . 
trum, cm -1 b 

- -  I 
1723 I 
1700 ] 
1720 
1710 

c=c  

1648 
1645 
1620 

1620 
1610 

30 
96 
2 
6 

77 
86 
85 
63 
64 
32 
42 

aCompounds VII were crystallized from benzene--petroleum ether; 
the remaining compounds were crystallized from alcohol, bThe 
IR spectrum of VII contained a band at 2200 cm-11(C~C). CFound 
for IVa-c: N 5.0, 12.7, and 12.0%. Calculated: N 4.7, 12.5, 
and 11.9%, respectively. 

was dissolved in 20 ml of water, and the solution was worked up as in the preceding experiment 

l~ 
2. 

. 

. 

5. 
6. 
7. 
8. 
9. 

LITERATURE CITED 

A. A. Shcherbakov, Furfurals, Kiev (1962). 
S. A. Giller, K. K. Venter, S. P. Korshunov, and L. I. Vereshchagin, in: The Chemistry 
of Acetylene, Moscow (1968), p. 43. 
Z. N. Nazarova, I. I. Popov, A. M. Simonov, A. P. Kravtsova, and S. S. Goryaev, Khim. 
Geterotsikl. Soedin., No. 7, 870 (1973). 
L. I. Vereshchagin, S. P. Korshunov, R. L. Bol'shedvorskaya, and T. V. Lipovich, Zh. Org. 
Khim., 2, 522 (1966). 
H. Gilman, A. P. Hewlett, and G. F. Wright, J. Am. Chem. Soc., 53, 4109 (1931). 
C. Welling and K. B. Wolfstirn, J. Amo Chem, Soc., 69, 852 (1947). 
I. I. Popov and A. M. Simonov, Khim. Geterotsikl. Soedin., No. i, 122 (1971). 
Z. N. Nazarov, Zh. Obshch. Khim., 24, 575 (1954). 
Ya. L. Gol'dfarb, Yu. B. Vol'kenshtein, and B. V. Lopatin, Zh. Obshch. Khim., 34, 969 
(1964). 

255 


