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Introduction. In one of the previous papers(1), the Raman spectra of

α-mono-derivatives of furane were reported. Nearly at the same time, some

of the furane derivatives were also studied by Bonino and Ansidei(2) and by

Medard(3) In the present investigation the Raman spectra of some α-mono-

derivatives, α, α'-di-derivatives and α, β-di-derivatives, which have not been

reported hitherto, have been studied in order to confirm the characteristic

frequencies attributable to the furane ring and to study the constitutive

influences exerted upon them. The more complete investigation will be

reported after studying the other poly-substitution products of furane, which
are now in the course of experiments.

Experimental. The substances used were synthesized by the following

processes. α-Furfuryl methyl ether (Ⅰ) (b.p. 134-136°) and α-furfuryl ethyl

ether (Ⅱ) (b.p. 148-150°) were prepared by Wissell-Tollens' method(4), that

is, by warming the mixtures of α-furfuryl alcohol, F-CH2OH,(5) and the cor-

responding alkyl iodides with potassium hydroxide . The ethers obtained were
dried over calcium chloride and then fractionated over metallic sodium.

α-Furfuryl-acetone (Ⅲ) (b.p. 101-102°/21mm.) was obtained by reducing

furfurylidene-acetone, F-CH:CH・CO・CH3,(5) with 2.5% sodium amalgam in

acetic acid solution, according to Harries and Kaiser(6).

α-Furyl-ethylene (Ⅳ) (b.p. 99°) was obtained by the decarboxylation of

α-furfuracrylic acid, F-CH:CH・COOH(5), at about 260℃. The substance

obtained was washed with aqueons sodium carbonate and dried over anhy-

drous sodium sulphate(7).

(1) This Bulletin, 9 (1934), 327.
(2) G.B. Bonino and R. Manzoni-Ansidei, Z. physik. Chem., B, 25 (1934), 327.
(3) L. Medard, Bull. soc. chim., (5), 1 (1934), 934.
(4) L. von Wissell and V. Tollens, Ann., 272 (1893), 297.

(5) F denotes α-furyl-group -O-in this paper.

(6) C. Harries and Friedrich Kaiser, Ber., 32 (1893), 1320.
(7) C. Liebermann, Ber., 27 (1894), 287.
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α-Furyl cyanide (Ⅴ) (b.p. 146-147°) was prepared by treating α-furfur-

aldoxime, F-CH:NOH, with acetic anhydride according to Pinner(8).

Ⅰ Ⅱ Ⅲ

Ⅳ Ⅴ Ⅵ

Ⅶ Ⅷ Ⅸ

2-Methyl-furfural-(5)(9) (Ⅵ) (b.p. 83-85°/15mm.) was prepared by re-

ducing a mixture of hydrochloric acid (sp. gr. 1.173) and ordinary sugar with
stannous chloride.
2,5-Dimethyl-furane (Ⅶ) (b.p. 93°) was prepared by dropping small

pieces of potassium hydroxide into a mixture of 2-methyl furfural-(5), hydra-
zine hydrate and methyl alcohol under sufficient cooling (Wolff-Kischner's
method)(10). The substance obtained was washed with a saturated aqueous
solution of calcium chloride and sodium bisulphite. It was, then, dehydrated
over calcium chloride and redistilled over metallic sodium under normal

pressure.
2-Methyl-furyl cyanide-(5)(11) (Ⅷ) (b.p. 65°/10mm.) was prepared from

α-furfuryl chloride and aqueous potassium cyanide. α-Furfuryl chloride(12)

was obtained by treating α-furfuryl alcohol with thionyl chloride and pyridine

in absolute ether.
Ethyl 2-methyl-furoate-(3)(13) (Ⅸ) (b.p. 100-101°/25mm.) was prepared

by treating a mixture of 1,2-dichlorether (b.p. 140-145°) and ethyl aceto-

acetate with aqueous sodium hydroxide.

(8) A. Pinner, Ber., 25 (1892), 1415.
(9) "Organic Syntheses", Vol. XIV, p. 62 (1934).
(10) This Bulletin, 9 (1934), 327.
(11) T. Reichstein, Ber., 63 (1930), 749.
(12) W.R. Kirner, J. Am. Chem. Soc., 50 (1928), 1955.
(13) H. Gilman and R. Robert, Rec. trav. chim., 51 (1932), 408.
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About 3-10c.c. of each sample was used. The Raman spectra were
taken by means of a spectrograph with three prisms(1). The results are
shown in Table 1. The numbers of the Raman lines(n), the number of the

plates, and the conditions under which the spectra were taken, are sum-
marized in Table 2. 2,5-Dimethyl-furane has been studied by Bonino and
Manzoni-Ansidei(2). Their results are in good agreement with those reported
in the present paper. On account of the colouration, the Raman spectrum of
2-methyl-furfural-(5) (Ⅵ) could not be observed completely, except some of

the intense lines, viz., Δν 1355, 1375, 1521, 1590, 1675 and 3122cm-1. The

all data and the photograph of this substance are omitted in this paper.

Table 1. The Δν Values of the Raman Spectra of Furane Derivatives.

(1) α-Furfuryl methyl ether (Ⅰ).

140 (3b, d); 166 (3); 383 (3bb, d); (433) (0)?; 466 (2); (604) (1/2); 627 (4d); 642 (3);

(740) (1bb, d); (819) (1bb, d); 883 (5); 901 (4); 920 (4); 951 (5b, d); 1018 (4); 1077 (8);
1150 (5); 1224 (6d); (1291) (1); 1384 (8b); 1445 (3d); (1473) (1/2)?; 1501 (10); 1593 (6d);
2819 (5); 2841 (0); 2894 (1/2); 2938 (1); 2985 (1/2); 3116 (6b, d); 3141 (2).

(2) α-Furfuryl ethyl ether (Ⅱ).

(167) (1b, d); 351 (2); (384) (0); 627 (2); (640) (0); (807) (0d)?; 840 (2); 887 (3);
923 (3); (971) (1d); 1018 (3d); 1078 (6d); 1150 (2); 1223 (5b, d); 1384 (6d); 1444 (3b, d);
1501 (10); 1594 (5d); 2930 (5); 2974 (4); 3115 (6b, d); 3145 (5).

(3) α-Furfuryl-acetone (Ⅲ).

625 (0); 650 (1/2d); 732 (1/2)?; 748 (1); 807 (0)?; 876 (1d); 938 (1d); 1020 (1/2);
1041 (2b, d); 1083 (5); 1150 (5bb, d); (1209) (1d); 1250 (1/2): 1292 (1/2)?; 1388 (4d);
1412 (1/2); 1446 (1d); 1477 (2); 1509 (10); 1597 (6d); 1679 (2); 1721 (3); 2918 (3);
2974 (1/2); 3120 (4d); (3155) (4d).

(4) α-Furyl-ethylene (Ⅳ).

217 (6); (368) (1/2b, d); 481 (5); 655 (5); 716 (2d); (736) (1/2b, d); (811) (1d); 885 (3);
908 (1); 925 (4); 1002 (1); (1017) (1/2); 1027 (8); 1079 (4d); 1145 (3b, d); 1216 (5);
1255 (3); 1292 (8d); 1387 (8); 1491 (10); 1576 (4); 1642 (10); 3004 (1/2); 3125 (3); (3154).

(5) α-Furyl cyanide (Ⅴ).

183 (8); (311) (1/2); 570 (8s); 591 (1s); 640 (5); 655 (4); 761 (1d); 837 (2d); 887 (6d);
928 (6); 938 4b); 1020 (7); 1072 (8); 1151 (8); 1232 (6); 1379 (10); (1456) (2); 1471 (10b);
1566 (6); 2233 (10); 3133 (5d); 3156 (3).

(6) 2,5-Dimethyl-furane (Ⅶ),

266 (2d); 290 (1d); 396 (0); (445) (1/2); 610 (5); 689 (1); 781 (0); 923 (1/2); 991 (2);
1018 (3); 1086 (2b, d); 1217 (5d); (1269) (1); 1351 (2); 1379 (2); 1452 (4d); 1503 (1);

1573 (8); 2926 (6d); 2956 (1/2d); 2975 (1/2); 3118 (3).
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Table .1. (Concluded)

(7) 2-Methyl-furyl cyanide-(5) (Ⅷ).

164 (4d); 260 (2d); 343 (1/2d); 386 (2d); 433 (1/2); 493 (1/2); 616 (1); 649 (3);
675 (0); 952 (1/2); 999 (1); 1028 (5): 1202 (4); 1223 (2); 1356 (3d); 1388 (2); 1449 (1/2);
1507 (2); 1523 (10); 1570 (0); 1600 (6); 2231 (8); 2932 (4); 2977 (1/2); 3120 (3d).

(8) Ethyl 2-methyl-furoate-(3) (Ⅸ).

327 (1d); 359 (1d); 609 (2); 638 (3b); 684 (4b); 775 (2); 833 (1d); 869 (4d); 899 (6);
948 (2); 1013 (3d); 1041 (6); 1236 (2d); 1304 (6); 1345 (2); 1372 (2); 1396 (3); 1415 (3);
1453 (4b, d); 1522 (10); 1603 (6b, d); 1716 (6b, d); 2932 (8b, d); 2979 (3b, d);

(3120) (4d); 3157 (1/2).

(1) α-Furfuryl methyl ether (Ⅰ)

(2) α-Furfuryl ethyl ether (Ⅱ)

(3) α-Furfuryl-acetone (Ⅲ)

(4) α-Furyl-ethylene (Ⅳ)

(5) α-Furyl cyanide (Ⅴ)
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(6) 2,5-Dimethyl-furane (Ⅶ)

(7) 2-Methyl-furyl cyanide-(5) (Ⅷ)

(8) Ethyl 2-methyl-furoate-(3) (Ⅸ)

Table 2.
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Discussion. The Raman lines corresponding to ω1 626, ω2 885, ω3 923,

ω4 1018, ω5 1083, ω6 1150, ω7 1223, ω8 1384, ω9 1505, ω10 1602, ω11 3117, and

ω12 3150cm.-1 in α-furfuryl-acetone (Ⅲ), α-furfuryl methyl ether (Ⅰ), and

α-furfuryl ethyl ether (Ⅱ) are in good coincidence with those in α-methyl-

furane, F-CH3, α-furfuryl alcohol, F-CH2・OH, and α-furfuryl acetate, F-

CH2・O・CO・CH3, which have been reported in Part Ⅲ(1) (See Table 3). As to

the other α-furyl- and furoyl-compounds, such as α-furyl-ethylene, α-furyl

cyanide and alkyl furoates, these characteristic frequencies are also nearly

constant, excepting ω9 and ω10 (Table 4). The frequency of ca. 960cm.-1 and

those in the region of Δν 810 and 740cm.-1 appear also in most of the α-mono-

derivatives of furane.

It is remarkable that the intense lines at ω2 885, ω6 1150 and ω12 3150

cm.-1 in α-mono-derivatives, are not observed in the α, α'-di-derivatives of

furane, such as 2,5-dimethyl-furane and 2-methyl-furyl cyanide-(5). The

intense line corresponding to ω5 1083cm.-1 in α-mono-derivatives disappears in

2-methy-furyl cyanide-(5) and appears weakly in 2,5-dimethyl-furane, while

a new line corresponding to Δν 1355cm.-1 is observed in the α, α'-di-derivatives.

It is of interest to note that, in the case of α-mono-derivatives of furane,

two frequencies, ω9 and ω10, in the region between 1460 and 1600cm.-1 are

slightly reduced by the constitutive influence of the unsaturated side chain

attached to the furane ring. As shown below in Table 6, in passing from

α-methyl-furane to α-furyl-ethylene and α-furyl cyanide, the corresponding

frequenies, ω9 and ω10, are reduced about 20 in wave numbers.

The frequencies in question in other furane derivatives which have been

observed hitherto, are summarized in Table 5. A glance at Table 5 will lead

to the conclusion that, in α-furfuryl-compounds, F-CH2-X, ω9 and ω10 remain

nearly constant, while in the furfurlidene-compounds, F-CH=CH-X, a slight

decrease of ω9 is found. The mean values of ω9 and ω10 are taken as Δν 1505

and 1600cm.-1 for furfuryl, and νΔ 1480 and 1575cm.-1 for furfurlidene- or

furoyl-compounds, while the corresponding ones in furyl cyanide are Δν 1471

and 1566cm.-1
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Table 3. Raman Spectra of α-Furfuryl-compounds. (F:-O-)
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Table 4. Raman Frequencies of α-Furoyl- and α-Furyl-

compounds. (F:-O-)
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Table 5. ω9 and ω10 in α-Mono-derivatives of Furane. (F:-O-)

Table 6.

Table 7.

As shown in Tables 6 and 7, by comparing ω9 and ω10 in α-mono-deriva-

tives of furane with those in the corresponding α, α'-di-derivatives, the

following contrasts are pointed out:

(1) In contrast to the α-mono-derivatives mentioned above, two fre-

quencies corresponding to ω9 and ω10, are argumented in passing from 2,5-

dimethyl-furane to 2-methyl-furfural-(5) and 2-methyl-furyl cyanide-(5).

(2) The relation of the relative intensities of ω9 and ω10 in α-methy-furane

contrasts that in α, α'-dimethyl-furane, while that of ω9 and ω10 in α-furfural

and α-furyl cyanide is similar to those in 2-methyl-furfural-(5) and 2-methyl-

furyl cyanide-(5), respectively.

(13) G.B. Bonino and R. Manzoni-Ansidei, Z. physik. Chem., B, 25 (1934), 327.
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(3) The values of ω9 and ω10 in α-methyl-furane are slightly higher than

those in α, α'-dimethvl furane, while those in α-furfural and α-furyl cyanide

are lower than those in 2-methyl-furfural-(5) and 2-methyl-furyl cyanide-(5)

by about 50cm.-1

In the case of ethyl 2-methyl-furoate-(3), the Raman lines in question, are
found at ω9 1522 and ω10 1608cm.-1, which may be compared with ω9 1510 and

ω10 1605 in α-methyl-furane and ω9 1478, ω10 1572cm.-1 in α-furoates. It

leads to the conclusion that ω9 and ω10 of 2-methyl-furoate-(3) approach nearer

to the values of α-methyl-furane than to those of α-furoates, F-COOR.

In α-furyl-ethylene the Raman lines at Δν 1642 and 1292cm.-1 are as-

sociated with the ethylene linkage of the side chain. The latter may corre-

spond to Δν 1342cm.-1 in ethylene. The weak lines at Δν 1507 and 1570cm.-1

in 2-methyl-furyl cyanide-(5) may be attributed to 2-furfuryl cyanide, which

is possibly expected from the preparation of the sample from α-furfuryl

chloride.

The intense lines at Δν 183(8), 570(8s) and 2233(10) in α-furyl cyanide,

may be associated with the structure of R-C≡N, corresponding to Δν 170(8b),

549(5) and 2224(12b) in phenyl cyanide, and 376(4), 917(3) and 2250(6) in

methyl cyanide.

This estimation is made from the relation of the relative intensities and from

the order of the mass of R, when we take R for furyl and phenyl in place of

methyl radical.

Summary.

(1) The Raman spectra of the following substances have been measured:
α-furfuryl methyl ether, α-furfuryl ethyl ether, ａ-furfuryl-acetone, α-furyl-

ethylene, α-furyl cyanide, 2,5-dimethyl-furane, 2-methyl-furyl cyanide-(5) and

ethyl 2-methyl-furoate-(3).
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(2) The characteristic frequencies of the α-furfuryl-radical are con-

firmed. The difference of the Raman spectra of the mono- and di-derivatives
of furane is established.

(3) The constitutive influences exerted on the Raman frequencies in the
region between Δν 1400 and 1600cm.-1 are observed.

(4) The Raman lines at 1642 and 1292cm.-1 in α-furyl-ethylene are

associated with the structure of R-CH:CH2, and those at 183, 570, and 2233

cm.-1 in α-furyl cyanide with the structure of R-C≡N, when R is taken as

furyl radical.

In conclusion, the author wishes to express his thanks to Prof. K. Matsuno
for his kind guidance throughout the experiment. The author is indebted

also to Ass. Prof. T. Nozoe for his valuable advice in the work of synthesis of

the samples. The expense of this experiment was paid from a grant given

by the Nippon Gakujutu Sinko Kwai, to which thanks are due.
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