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Introduction.

As to the Raman effect of hetero-cyclic compounds with five-membered 
rings, comparatively few papers have been published. Thiophene and 

pyrrole have been recently studied by S. Venkateswaran,(1) pyrrole and 
its derivatives by G. B. Bonino,(2) and some oxydiazole derivatives by 

M. Milone.(3) The present authors have investigated the Raman effect of 

furan derivatives in order to find the characteristic Raman lines associated 

with the furan ring, to find the influences exerted by the groups attached 
to it, and to confirm the molecular constitution of the furan ring. Ten

a-mono-derivatives of furan, viz.,α-methyl-furan, α-furfuryl alcohol,α-

furfuryl acetate, α-furfural, α-furoyl chloride, methyl α-furoate, ethyl

α-furoate, α-furfuracrylic acid, ethylα-furfuracrylate, and tetrahydro-α-

furfuryl alcohol, were examined and the results are reported in the pre-

sent paper. Furfural has been re-examined to compare the results with 
the data obtained by K.W.F. Kohlrausch and his co-workers4) and other 

authors.(5)

Experimental. 

A spectrograph with three prisms, constructed in our laboratory, was 

used in the present experiments. The dispersion obtained was 10 A. 

per mm. at 4000 A. and 20 1. per mm. at 5000 A., and the experiments 
were carried out over the range between these extremities. Most of the 

materials used have been synthesized in our laboratory.

(1) S. Venkateswaren, Indian J. Phys., 5 (1930), 145; 7 (1933), 585. 
(2) G. B. Bonino, R. Manzoni-Ansidei, and P. Pratesi, Z. physik. Chem., (B), 22 (1933), 

21-44. 
(3) M. Milone, Gazz. shim. ital., 63 (1933), 334; 63 (1933), 456. 
(4) K.W.F. Kohlrausch, A. Pongratz, and R. Seka, Ber., (B) 66 (1933), 11. 
(5) S.S. Lu, ibid. ; Sc. Rep. Nat. Tsing Hua Univ., 1 (1931), 25; George Glockler and 

B. Wiener, J. Chem. Phys., 2 (1934), 47.
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α-Methyl-furan(6)(b. p.64℃.)was prepared by Wolff-Kischner,s method,

that is, by dropping a small piece of potassium hydroxide into a mixture of

furfural, hydrazine hydrate, and methyl alcohol, under sufficient cooling

(-30℃.).The substance obtained was washed with a saturated aqueous

solution of calcium chloride, dehydrated over calcium chloride, and then

redistilled over metallic sodium under the normal pressure.

α・Furfuryl acetate(7)(b.p.65°/5 mm.)was prepared from a-furfuryl

alcohol and acetic anhydride in the presence of fused sodium acetate.

α-Furoyl chloride(b.p.78°/30 mm.)was made by warmingα-furoic acid

with thionyl chloride.

Methylα-furoate(b.p.57°/5 mm.)and ethyl a-furoate(m.p.34° b.p.

78°/8mm.)were made from α-furoyl chloride with absolute methyl and

ethyl alcohols respectively, in the presence of pyridine.

Abenzene solution of ethyl α-furoate(1/10 mol)was used for the experi-

ment, as the substance is solid at ordinary temperature.

α-Furfuracrylic acid(8)(m.p.141℃.)was synthesized from furfural,

acetic anhydride, and fused sodium acetate (Perkin's method). The recry-
stallized substance was dissolved in alcohol (1/15 mol) and used for the ex-
periment of Raman spectra.
Ethyl a-furfuracrylate(b.p.100°/5 mm.)was prepared by warming a

mixture of the silver salt of α-furfuracrylic acid and methyl odide.

Commercial pure α-furfuryl alcohol and tetrahydro-a-furfuryl alcohol

made by Takeda, and furfural made by Merck, were used. All the liquid 
substances were purified by repeated vacuum distillation after washing and 
dehydrating. 

The results are shown in the accompanying tables I-X and graphic-
ally in Fig. 1. In Table A, indices to tables and plates, the numbers of the 
Raman lines, and the conditions under which the spectra were taken are 

given for each substance. 
About 10 c.c. of each substance was used. In the case of tetrahydro-

α-furfuryl alcohol
, the observation of the Raman lines was difficult, for most

of the lines were so diffuse and broad that an accurate measurement was 

impossible. During the exposure under the mercury light for two or three
hours, α-furfuryl alcohol, furfural, α-furoyl chloride, α-furfuracrylic acid,

and its ethyl ester were coloured in faint yellow or brown, so that a 

redistilled, fresh substance was necessary to continue the exposure for a 

sufficient time. Even so, most of the lines in the range shorter than 4358

(6) Tadeus Reichstein, Helvetica Chim. Acta, 13 (1930), 345; Wolff-Kischner, Ann., 
394 (1912), 86. 

(7) L. von Wiessel and B. Tollens, Ann., 272 (1893), 303. 
(8) Adolf Baeyer, Ber., 10 (1877), 357.
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A. could not be well observed on account of the colouration. By using a 

saturated . solution of sodium nitrite as a filter the back ground of the 
plates was removed. 

The results on furfural obtained by W.K.F. Kohlrausch,(9) S. S. Lu,(10) 

and G. Glockler and B. Wiener11) are compared with ours in Table B. 

Discussion of the Results.

The Raman lines corresponding to the frequencies of Δυ,888,925,1020,

1081,1153,1232,1390,3122,and 3153 cm.-1, appear intense in all the α-

derivatives of furan, which may be considered as the characteristic lines of

these substances. The weak Raman lines in the region between.Δυ,625

and 650 cm.-1, and the intense lines of Δυ,888,1088, and 1390 cm.-1, were

observed also in thiophene, and pyrrole and its derivatives, though they 
were not observed in such good constancy as in the case of ƒ¿-derivatives of 

furan.

The lines in the region between Δυ,1460 and 1605 cm.-1, seem to be

note-worthy in the case of furan derivatives as well as pyrrole derivatives.

Inα-methyL-furan, α-furfuryl alcohol, and Q-furfury]acetate,two intense

lines of Δυ,1507 and 1605 cm.-1, are observed, while in methyl α-furoate,

ethyl α-furoate, ethyl α-furfuracrylate, and α-furfuracrylic acid, two lines

of dv,1477 and 1572 cm.-1, are observed. From these facts, it is considered

that the frequencies of 1507 and 1605 cm.-1 can be attributed to the type of

while the frequencies of 1477 and 1572 cm.-1, to the tye of

The high frequency of 1641 cm.-1 in furfuracrylic acid and its

ethyl ester seems to be attributable to the -CH: CH- linkage in the side 

chain. In the study of pyrrole and its derivatives, G.B. Bonino and his co-
worker(12)have reported that the frequencies ofΔυ,1136 and 1466 cm.-1, are

attributed to the vibration between the two carbon-atoms in,β-and,β-

positions and CH-groups in α-and α-positions of the pyrrole ring, respec-

tively. And they have considered that the frequency of 1550 cm.-1 is asso-
ciated with the central vibration, giving a formula of pyrrole like the 
following :

(9) Cf. (4). 
(10) S. S. Lu, Sc. Rep. Nat. Tsing Hua Univ., 1, (1931), 25. 
(11) G. Glockler and B. Wiener, J. Chem. Phys., 2 (1934), 47. 
(12) G. B. Bonino and his co-worker, Z. physik. Chem., (B) 22 (1933), 42.
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Table A.
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Table B. Comparison of the results on furfural.
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Table I.

α-Methyl-furan C4H3O・CH3。

Δυ: 253 (5d) ; 343 (3d) ; 626 (3) ; 654 (6) ; 718 (1b, d) ; 796 (1d) ; (855) (1d) ; 888 (3) ;

917 (4) ; (976) (2)? ; 1018 (3) ; 1084 (8s) ; 1147 (3) ; 1215 (4) ; 1233 (3) ; 1376 (3) ; 1389 (6d) : 1453 

(4d); 1510 (10); 1605 (6); 2745 (2); 2888 (3); 2928 (7); 2955 (2d); 3000 (1)? ; 3119 (6d); 3153 (4d).
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Table II.

α-Furfuryl alcohol, C4H3O・CH2OH.

Δυ: 177 (4d) ; 421 (1b, d) ; 603 (1/2) ; 626 (2d) ; 741 (0d)? ; 816 (1/2d) ; 888 (3) ; 922 (2) ;

959 (1/2) ; 1018 (2b, d) ; 1083 (6) ; 1154 (3d) ; 1228 (4) ; 1267 (1d) 1374 (1) ; 1391 (4d) ; 1477 

(2b, d) : 1507 (8) ; 1602 (4d), 2876 (1d) ; 2940 (2b, d)? ; 3117 (4) ; 3154 (3).
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Table III.

α-Furfuryi acetate, C4H3O・CH2O・OC・CH:3.

Δυ

: 172 (1/2d)? ; 193 (1/2d)? ; 315 (1/2d)? ; 332 (1/2) ; 621 (3d) ; 659; 659 (4) ; 745 (1d)? ;

835 (ib, d)? ; 886 (5) ; 924 (4) ; 964 (1) ; 1022 (4) ; 1083 (6) ; 1163 (1) ; 1231 (3) ; 1389 (6d) ; 1450 

(2d) ; 1505 (8) ; 1604 (6) ; 1745 (3d) ; 2946 (4) ; 3130 (6d) ; 3156 (3).
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Table IV.

α-Furfural, C4H30・CO・H:.

Δυ; 162 (4, b, d): 213 (3): 302 (1/2): 503 (7). 598 (2). 630 (2) ; 749 (3d): 775 (1d) ; 882

(7s) ; 928 (8s) ; 946 (4) . 1019 (8) ; 1080 (7) ; 1151 (6) ; 1159 (7) ; 1207 (1) ; 1223 (4d) ; (1275) (2) ; 
1368 (10) ; 1333 (10) ; 1441 (2) ; 1463 (10) ; 1475 (10) ; 1483 (1) ; 1568 (8) : 1668 (10b) ; 1688 (8, 
b, d) ; (3123) (4) ; (3151) (2).
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Table V. Furoyl chloride, C4H3O・CO・CL

Δυ

: 191 (4b, d) ; 336 (3); 427 (4); 552 (6); 785 (1b, d)?; 824 (2b, d)? 887 (4): 950 (4) ;

1025 (6d) ; 1084 (5) ; 1163 (5d) ; 1232 (3) ; 1254 (1/g)? ; 1388 (8d) ; 1460 (10d) ; 1560 (4) ; 174 

(8b, d) ; 1777 (4b, d) ; 3129 (1 b, d),

Table VI. Methyl a-furoate, C4H3O・CO・O・CH3.
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Table VL-(Concluded)

Δυ: 170(2dd);233(5bb);335(1/2);395(4);493(3); 602(1);618(2d); 770(3d);798(6)

888(6);911(b);922(8):1019(6d); 1081(6d); 1122(bb, d); 1172(4b, d);1236(b); 1307(4)

1390(8b); 1478(IObb); 1572(b); 1683(6); 1726(8bb); 284b(1d); 2956 (bb, d); 3122 (4)

3165(2d).

Table VII. Ethyl α-furoate, C4H3O・CO・O・C2H5.
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Table VII.-(Concluded)

Benzene: 606(6);(687)(1/2);850(4);983(2); 993(10);1179(5);(1401)(2); 1583(6d);

1605(b);2945(1);3051(6d);3063(8);3164(3);3184(3).

Ethyl α-furoate: 208(3, bd);353(3);505(1);606(?);765(3d);860(4);887(4).928

(5);1017(ld); 1079(5);1123(4,b,d);1179(?); 1232(2);1386(6);(1401)(2)?;1450(1/2);1476

(8b); 1571(1):1583(6d);1714(8);1731(8);2926(ld);2980(1/2);3123(3d).

Table VIII. α-Furfuracrylic acid, C4H3O・CH:CH・CO・OH.

(in alcohol).
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Table VIII. -(Concluded)

Alcohol: 849(0);884(b);IOb2(1/2d);1084(ld);llb9(bd);1279(4d);14b2(1);2879(3d);

2924(6d);2972(4).

α-Furfuracrylic acid: 631(1/2d)?;(711)(1/2d)?;772(1d);884(5);962(112);1022(5);1084;

(1d);1166(bd);1392(b);1483(8);1577(2d);1641(10);1634(2d);3121(1).

Table IX. Ethyl α・furfuracrylate, C4H3O・CH:CH・CO・O・C2H5.
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Table IX.-(Concluded)

Δυ

: 462(1/2);635(Od)?; 768(2); 794(2); 862(1/2); 887(3); 939 (1); 1021(8); 1081(4);

1160(5d);1212(6);1265(5);1283(8);1392(9);1479(10);1b75(4);1640(10); 1704 (8b, d);

2926(ld); 2976(2);3035(5);3125(2);3154(1).

Table X.

Tetrahydro-α-furfuryl alcohol, CQH70・CH2・OH.

Δυ: 151(2d);172(ld); 81?(3b, d); 918(6d); 1123(6d);1452(4d); 1487(3d);(2774)(2d);

2942-2979(4b, d),

α-Methyl-furan  C4H3O・CH3

α-Furfuryl alcohol C4H3O・CH2・OH
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α- Furfuryl acetate C4H3O・CHI・O・OC・CH3

α-Furfural C4H3O・CO・H

α-Furoyl chloride C4H3O・CO・CI

Methyl α-furoate C4H3O・CO・O・CH3

Ethyl a-furoate C4H3O・CO;O・C2H5(in benzene)

α-Furfuracrylic acid C4H3O・CH:C且 ・CO・OH(in alcoho])

Ethylα-furfuracrylate C4H3O・CH:CH・CO・O・C2H5

Tetrahydro-a-furfaryl alcohol C4H7O・CH2・OH
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Fig. 1.

The frequency of 1530 cm.-1 is only observed in the case of a-derivatives of 

pyrrole. In the case of a-derivatives of furan, however, the intense lines 

corresponding to the frequency of 1460 and 1507 cm.-1 are observed. The

frequency of Δυ,1460 cm.-1, is found also infurfural and furoyl chloride

which do not possess-CH2-group in their molecules. The frequency of

Δυ,1.450 cm,-1, is generally considered as due to the transversal vibration of

the-CH2-group. In the case of methyl α-furoate, ethyl.α-furoate, α-

furfuracrylic acid, and its ethyl ester, the frequency of 1478 cm.-1 is 

observed. The frequency of 1460 cm.-1 in furoyl chloride, those of 1463
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and 1476 cm.-1 in furfural are observed. It is better not to attribute these 

frequencies in furan derivatives to the transversal vibration of the CH2-

group, for CH2-group is not found inα-furoyl chloride and furfural mole-

cules. So these frequencies in question and that of 1507 cm.-1 in α-methyl-

furan, α-furfury]alcohol, and α-furfuryl acetate are considered as associated

with the furan ring. Geo. Glockler and B. Wiener(13) have reported quite 

recently that the frequencies of. 624, 758, 878, 1021, 1078, 1156, 1378, 

and 1467 cm.-1 are due to the furan ring and 1567 cm. -1 is attributed to the 

C=C bond. From the fact that the frequency of 1607 cm.1 is found in

α- methyl-furan, α-furfuryl alcohol, and α-furfuryl acetate, the formula with

double bonds, instead of the centric formula, is supported by the present 

investigation, since the frequency of 1607 cm.-1 is generally accepted 

as due to the vibration of -C:C-. If we take the frequency of 1572 cm.-1

in methylα-furoate, ethyl α-furoate, and ethyl α-furfuracrylate, and the

frequency of 1563 cm.-1 in furfural and ƒ¿-furoyl chloride, as corres-

ponding to the frequency of 1607 cm.-1 in ƒ¿-methyl-furan, etc., it seems 
that the formula with double-bonds is more probable than the centric 

formula for the furan ring, at least, in ƒ¿-derivatives. The further dis-
cussion will be reported after studying the Raman spectra of furan
itself, itsβ and other derivatives, which are now in the course of ex-

periments.

Summary.

(1)The Raman spectra of the following substances have been mea--

sured:α-methyl-furan, α-furfuryl alcohol,α-furfuryl acetate, furfural, α-

furoyl chloride, methyl α-furoate, ethylα-furoate,α-furfuracrylic acid,

ethyl α-furfuracrylate, and tetrahydro-α-furfuryl alcohol.

(2) The frequencies of Δυ,625(or 650),888,925,1021,1081,1153,

1232,1390,1460(or 1480),1507,1575(or 1605),3122,3153 cm.-1, are observed

as the characteristic lines of the α-mono-derivatives of furan.

(3)The frequencies of dv,1460(or 1480)and 1572 cm.-1, are observed in

the type of  while those of 1507 and 1605 cm. -1 in the type of

(13) G. Glockler and B. Wiener, J. Chem. Phys., 2 (1934), 47.
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(4):lt is.shown that thel、investigation supports the formula with

double bonds in the case of α-mono-derivatives of furan.
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