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IR and Raman spectra of 17 mono- and polyalkyl furans, with alkyl groups in various positions in the furan 
ring, are investigated. A change in Raman spectrum is found for C - H  bond valence vibrations when alkyl 
groups substitute the furan ring at the B position. Characteristic frequencies are found for 2-substituted and 
2, 5-disubstituted furans. 

Our convenient preparative method of synthesizing alkyl furans by alkylating furan with olefins in the presence of 
boron trifluoride etherate catalyst plus tetrahydrofuran as promoter, made it possible to obtain various alkyl-substituted 
furans. Thelatter, on account of their high purity, are suitable for optical investigations [1-6]. 

We investigated their vibration spectra, as the results are of great interest not only for investigating the detailed 
electron structure of furan and its derivatives, but also for developing analytical methods for determining alkyl furans 
when they are simultaneously present in complex organic mixtures. 

The literature records only quite incomplete and incidental data for the vibration spectra (mainly IR spectra) of 
furan and its alkyl derivatives [7-12]. 

Recently the Raman spectra [13] of some 2-monoalkyl-substituted furans, prepared by reducing the corresponding 
carbinols over Pd/C, have been investigated, and also the effects of type and number of substitutents on furan ring val-  
ence vibration line frequencies and intensities. 

The present paper is concerned with IR and Raman spectra of furan, and its 2-mono-,  3-mono-,  2, 5-di, 2,3, 5- 
tri-,  and 2, 3, 4, 5- tetraalkyl-substituted derivatives. 

Unless otherwise mentioned, the alkyl furans studied were obtained by direct alkylation of furan by olefins in the 
presence of boron trifluoride etherate, followed by fractional distillation of the reaction products through a column con- 
taining 58 theoretical plates. 

The IR spectra of the alkylfurans were determined with an IKS-14 spectrophotometer (Table 1), and the Raman 
spectra with an ISP-51 spectrograph (Table 2). In all cases, the spectra were obtained without use of a solvent. 

Furan was obtained by vapor phase catalytic decarbonylation of furfural, followed by distillation through a 58 
theoretical plate column, bp 31-32~ (760 mm); n~ 1.4210; d~ ~ 0.9378, 

2, 5-Dimethylfuran was prepared from 5-methylfurfural, bp 91~ (750 mm); n~ 1.4470; d~ ~ 0.9002. 

2-Ethylfuran: bp 92-93 ~ C (765 mm); n~ 1.4400; d~ ~ 0.8990. 

2, 5-Dieth~lfuran: bp 103 ~ C (100 mm); n~ 1.4550; d~ ~ 0.8810. 

2, 3, 5-Triethylfuran: bp 111" C (50 mm); n~ 1.4830; d~ ~ 0.8647. 

2, 3, 4, 5~Tetraethylfuran: bp 60 ~ C (11 mm); n}~ 1.4970;, d42~ 1.0324. 

2-n-Propylfuran: bp 115-117" C (760 mm); n~ 1.4429 d~ 0.8900. 

Synthetic 2-n-propylfuran was prepared by the Kishner reaction from furylethyl ketone, bp 11g~ (755 mm); 
nl~ ~ 1.4430; d~ ~ 0. 8910. 

2-Isoprop~lfuran: bp 106-107 ~ C (755 mm); n~ 1.4450; d~ ~ 0.8770. 

z0 1.4350; d~ ~ 0.8900. 3-Isopropylfuran: bp 110-112 ~ C (750 ram); n D 

Synthetic 3-isopropylfuran- prepared by the Friedel--Crafts alkylation of ethyl-5-bromofuran-2-carboxylate, fol- 
lowed by hydrolysis, elimination of bromine, and decarboxylation, bp 110-112 ~ C (750ram); n~ 1.4336; d24 ~ 0.8929. 

2, 5-Diisoprop~!furan" bp 50 ~ C (5 mm); n~ 1.4550;, d~ ~ 0.8860. 

2-tert-Butylfuran. bp 118-119 ~ C (765 mm ); n~ 1.4380; d~ ~ 0.8688. 

*For Part VI see [6]. 
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2-n-Butylfuran: bp 142"C (765mm);n~ ~ 1. 4440; d~4 ~ 0. 8870. 

Synthetic 2-n-butylfuran was prepared by the Kishner reaction from furylpropyl ketone, bp 140 ~ (760 mm); 
14440; 0 .8890 

2, 5-di- ter t 'Buty lfuran: bp 101"C (24mm); n~ ~ 1. 4360; d~ ~ 0. 8386. 

2-(2 ' -Furyl)-3-methylbutane:  bp 147"C (750 ram); .n~ ~ 1.4420; d~ ~ 0. 8700. 

2-Isoamylfuran: bp 170"C (750 ram); n~ 1.4420; d~ ~ 0.8968. 

2- ter t :Amylfuran:  bp 65"C (5 mm); n~ 1.4440; d~4 0. 8780. 

2, 5-Di-tert-amylfuran" bp 85"G (5 mm); n~3 1.4555; d~ ~ 0.8726. 

Tables 1 and 2 show that, to some extent, alkyl groups in the furan ring shift the frequencies observed for the 
latter. More particularly, the regions of furan ring C - C  bond symmetric and assymmetric vibrations and C--H bond 
valence vibrations are displaced, e . g . ,  in the IR spectra of  alkylfuram, the double bond u C _ C  as asymmetric vi-  
brations band is displaced towards the high frequency side, to 1592 cm -1, and the same holds for the VC_C s and 
v C _ H  as which appear in their Raman spectra. 

These results can be explained by donor-donor interaction between furan ring and alkyl group, this being known 
to result in increased C - H  bond frequency [14]. 

There are three interesting lines, at 3156, 3120, and 3090 cm "1 in the C - H  bond valence vibrations frequency 
region of the furan Raman spectrum. According to published data [13], the presence of an alkyl group in the furan ring 
leads to disappearance of the 3090 cm "1 line, and diminution of the intensities of the other two. This checked with the 
Raman spectra of almost all the present alkylfurans. 

An hypothesis has been put forward [13] regarding change of Raman spectrum in the 3100-3150 c m ' l  region when 
the furan ring is B-substituted. Actually, the Raman spectrum of 3-isopropylfuran, whether prepared by direct alkyla-  
tion of furan, or by retrosynthesis, lacked the 3150 cm -I line characteristic of 2-substituted furans. 

Further, the IR spectra of 3-monosubstituted furans have characteristic bands in the 790-794 c m ' l  region. 

This all shows that frequencies due to C - H  bonds at the a and 15 positions differ quite considerably, and this 
further checks the known inequality between substituents in those positions [15-16] .  

The literature mentions a number of bands characteristic of 2 -mono-  and 2, 5-disubstituted furans. Bands at the 
frequency intervals 875-890 cm- I  [11], 727-766 cm- I  , and 793-858 cm-1 [7], and 945-915 cm "1 [9] are ascribed 
to 2-substituted furans. Frequencies 776-806 c m ' l  [7] and 945-970 cm -1 [9] are ascribed to 2, 5-disubstituted furans. 

The IR spectra of all the 2-substituted monoalkylfurans of the present work show an intense absorption band in the 
873 c m - I  region. Generally, it is absent from the spectra of 2, 5-disubstituted furans, but on the other hand the IR 
spectra of the latter always show rather intense maxima at 781 cm -1 and 961 cm "1 . It is significant that the 873 cm "I 
band characteristic of all the monosubstituted furans, as well as of furan itself, but not shown by the disubstituted 
furans, should obviously be ascribed to deformation vibrations of the C - H  bond at the second free a position of the 
furan ring. The 1562-1573 cm -1 line in the Raman spectrum of 2, 5-di-tert-butylfuran is also shown by disubstituted 

furans. 

The 1075 c m - I  band is, as we showed, only found in the IR spectra of dialkylfurans. Finally, published data [7] 
show that an intense absorption band at 792-799 cm "1 is characteristic of 2, 3, 5-trimethylfuran, and it also shows 
clearly in the spectrum of 2, 3, 5-triethylfuran which we prepared. 

The Raman spectra of 2-isoamylfuran, 2-  and 3-isopropylfuran show a line at 724-729 cm "I , checking the 
presence of an isopropyl group in a side chain [17]. The Raman spectra of the other alkylfurans do not show that line. 

The characteristic frequencies of furan and its alkyl derivatives obtained in the present work can be used to de -  
termine the compositions of complex mixtures of alkylfurans. 
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