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POLYFURYL(ARYL)ALKANES AND THEIR DERIVATIVES. 

i. SYNTHESIS OF TRI- AND TETRAFURYLMETHANES 

V. G. Kul'nevich, S. V. Zhnravlev, 
and L. A. Solonenko UDC 547.727.07:543.422.51 

Derivatives of tri- and tetrafurylmethane were obtained by the reaction of 
alkylfurans with chloroform and carbon tetrachloride in benzene in the presence 
of catalytic amounts of 58% HCI04. 

Compounds of the furan series are widely used in industry, agriculture, and medicine, 
and the development of methods for the synthesis of compounds that contain several furan 
rings is therefore an important trend in the chemistry of heterocycles. Little study has 
been developed to tri- and tetrafurylalkanes, and methods for their synthesis have not been 
developed. 

It is known that a substituted trifurylmethyl chloride is formed in the reaction of 
carbon tetrachloride with methyl pyromucate [i]. The preparation of polyfurylmethanes by 
alkylation of furan derivatives with donor substituents by means of chloroform and carbon 
tetrachloride has not been described. This is understandable, since the furan ring is 
readily destroyed by the action of protic and aprotic acids [2]. 

We have established that the reaction of alkylfurans with chloroform in benzene in the 
presence of catalytic amounts of 58% HCIO4 leads to the formation of trifurylmethanes in 
75-87% yields. 

R o 

I-V 

I--IV R=t-t; I RI-CH8; II RI=C4Hg; III R'=Csttn;  IV ~1=C7H15; V R=CH8, RL=CvH~5 

The reaction of alkylfurans with CC14 under similar' conditions makes it possible to 
obtain tetrafurylmethane derivatives in 78-87% yields. 

R ~  R' 

4 R 

R~R ~ 
VI--IX 

R=H; VI RI=C4Hg; VII R1=CsI[u; VIII I~I=Cv11~5; IX R=CH3, RI=CTII~5 
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TABLE i. Tri- and Tetrafurylmethanes I-IX 

Com- 
pound 

I 
II 

!II 
IV 
V 

VI 
VII 

VIII 
IX 

bp, ~ (mm) nn~,, d~0 

38* 
275--310 (4) 
305--320 (3) 
270--300 (2) 
290--320 (2) 
307--312 (3) 
310--325 (3) 
29O--320 (2) 
205--240 (0,6) 

1,5,-82 l , & o  
,,5or8 ,,o32o 8o,o 
1,4837 0,9542 80,4 
1,4981 0,9267 80,7 
1,5 88 l,oaGo 79,1 
1,5146 1,0070 80,1 
1,5013 0,9624 81,0 
1,4956 0,9345 81,1 

Found, % 

C ;H 

74,5 6, l 
79,0 9, i 

10,0 
10,4 
10,7 
8,9 

10,0 
10,5 
9,7 

*This is the melting point, ~ 

Empirical 
formula 

C=I Ia,~O:~ 
IC28I14uOa 
Ca~HseOa 
Cartf~aOa 
C33H4404 
Ca7I I,~201 
C4d46804 
C491tr604 

Calc,, % 

{2 

75,0 6,2 
78,5 9,0 
79,2 9,5 
80,3 10,2 
80,7 10,5 
78,5 8,8 
79,3 9,3 
80,3 10,2 
80,7 10,5 

Yield, 

II  " % 

81 
78 
75 
8i 
87 
8{3 
81 
78 
87 

The electronic spectra of tri- and tetrafurylmethanes contain absorption maxima at 
220-231 nm. The forms of the absorption curves are virtually identical, but the bands have 
different intensities. As noted in [3], the extinction coefficients increase as the number 
of furan rings in the molecules increase. This is associated with the fact that, because 
of the absence of conjugation between the furan rings, the principal chromophore is the 
furan ring (Table 2). 

The IR spectra of II-IX are characterized by a band of medium intensity of the pulsation 
vibrations of the furan ring at 1020-1030 cm -I. All of the remaining absorption bands have 
low intensities. Typical frequencies related to the stretching vibrations of the C--H bond 
of the furan ring (3110-3119 cm-1), a double bond (1612-1620 cm-1), and the ring as a whole 
(two bands at 1571-1575 and 1462-1473 cm -I) are presented in Table 2. The IR spectrum of 
trifurylmethane I is of greatest interest. All of the absorption bands of this compound 
have high intensities and are well resolved. The band corresponding to the ring pulsation 
vibrations is split into three bands at 995, I010, and 1030 cm -~ The assignment of the 
frequencies of the vibrations of the various groups in tri- and tetrafurylmethanes is in 
agreement with [4, 5]. 

The signals of the B protons of the furan rings in the PMR spectra are shifted to the 
stronger-field region (5.6-5.8 ppm) as compared with the signals of monosubstituted furans 
[6]. The 3-H and 4-H protons in I-IV are equivalent and resonate in the form of double 
doublets at 5.74-5.77 and 5.64-5.66 ppm (Table 2). The signals of the ~ protons in the 
spectra of tetrafurylmethanes VI-VIII are two poorly resolved doublets at 5.68-5.69 and 
5.64-5.66 ppm. The signals of 3-H protons vanish in the spectra of V and IX; singlets of 
protons of a methyl group appear in place of them at 1.50 and 1.51 ppm (this is not reflected 
in Table 2), i.e,, at stronger field than in the case of 3-methylfuran (1.97 ppm) [7]. In 
the spectra of these compounds the 4-H protons give singlets at 5.56 and 5.64 ppm, respectivel I 
The signals of the methylidyne protons in trifurylmethanes I-V are shifted to the weak-field 
region and are singlets at 5.15-5.30 ppm. 

The signals of the protons of the alkyl substituents of II-IX are located in the 
stronger-field region. They can be united in three groups: signals of the protons 
attached to the s-carbon atom (triplet at 2.40-2.50 ppm), signals of terminal methyl groups 
(triplet at 0.80-0.83 ppm), and, finally, signals of protons of methylene groups (multiplet 
at 1.21-1.38 ppm). 

The fragmentation of polyfurylmethanes under the influence of electron impact has not 
been described. We investigated the principles of the fragmentation of trifurylmethane I. 
We found that the stability of the molecule is high (WM = 61%). Two groups of ions are 

recorded in the mass spectrum of this compound. The first group corresponds to splitting 
out of the CH3CO" radical, which is characteristic for most furans [8]. The subsequent 
fragmentation is accompanied by the formation of rearranged F~, F2, and Fs ions. The 
second group of ions is associated with cleavage of the bond between the furan ring and 
the methane carbon atom. The stability of the resulting cation is due to the possibility 
of delocalization of the positive charge by conjugation with the aromatic system of furan 
rings. 
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+ 

H 

] + 

CH3 ~ F  3 77 (211 + 
M- ; 2~6 (60 "t.' 

i -- ~ I C H  3 

-~7 Hs F 4 175 (37) ~ F 5 CHACO + J3 (100) 

EXPERIMENTAL 

The IR spectra of thin layers of II-IX and a mineral oil suspension of I were 
recorded with a UR-20 spectrometer. The UV spectra of solutions in hexane (II, III) and 
ethanol were recorded with a Specord UV-vis spectrophotometer. The PMR spectra of solu- 
tions in CC14 were obtained with a Varian HA-100D spectrometer with hexamethyldisiloxane 
as the internal standard. The mass spectrum was recorded with a Varian MAT-6M mass 
spectrometer (70 eV). 

Tris(5-H-butyl-2-furyl)methane (II). A 0.l-ml sample of 58% HCIO4 was added to a 
heated (to 60~ solution of 18.6 g (0.15 mole) of n-butylfuran and 5 ml (0.06 mole) of 
chloroform in i00 ml of benzene, and the mixture was stirred for 2 h. It was then cooled, 
washed with 5% sodium carbonate solution, and dried with Na2S04. The solvent was removed, 
and the residue was fractionated in vacuo with collection of the fraction with bp 275-310~ 
(4 mm). The yield was 15.5 g (81%). Compounds I and III-V were similarly obtained. 

Tetra(5-H-butyl-2-furyl)methane (VI). A 0.l-ml sample of 58% HCIO4 was added to a 
heated (to 50~ solution of 24.8 g (0.2 mole) of n-butylfuran and 5 ml (0.05 mole) of CC14 
in 50 ml of benzene, and the mixture was stirred for 2 h. It was then cooled, washed with 
5% sodium carbonate solution, and tied with Na2S04. The solvent was removed, and the 
residue was fractionated in vacuo with collection of the fraction with bp 307-312~ (3 mm). 
The yield was 21.7 g (86%). 

Compounds VII-IX were similarly obtained. 
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