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INFRARED SPECTRA OF CYCLIC ETHERS AND THEIR DERIVATIVES

I, Pecularities in the Skeletal Vibrations of the Tetrahydrofuran Ring
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Data for the characteristic bands of cyclic ethers are reviewed, The
infrared spectra of a number of 2-mono- and 2, 5-di-substituted
derivatives of tetrahydrofuran are investigated. Absorption bands at
about 900 cm™* are related to pulsation vibrations, and those at
about 1200 cm ! to antisymmetric skeletal vibiations, of the tetra-
hydrofuran ring, It is shown that to confirm the presence of a tetra-
hydrofuran ring in a molecule, it is necessary to take into account
not only the band of valence antisymmetric vibrations of the group
C-0-C (vgs__o_c 1075 cm-J), but also bands due to ring pulsation
vibrations (ring symmetric valence vibrations v, ~ 990 cm &),

Spectroscopic studies of cyclic ethers made with
5- and 6-membered rings by Shrive and Tschamler
and coworkers [1-3], and by Barrow and Searles [4],

made it possible to come to a conclusion regarding the
characteristic nature of the asymmetric valence vibra-

tions of the ether group C—O—C in compounds of that
kind.

From literature data [4—7] the frequency of the
asymmetric valence vibrations of the ether group in
the interval 1075-1000 cm™! can be considered char-
acteristic of the tetrahydrofuran ring.

Despite the high intensity of this band, however, it

alone can hardly serve for unequivocal detection of
the tetrahydrofuran ring, as it is close to the absorp-
tion bands of asymmetric valence vibrations of the
group C—O—C in open-chain aliphatic and aliphatic-
aromatic ethers, and the bands of the same group in
cyclic 6-membered ring ethers,

Table 1

C—O Bond Valence Vibration Frequencies
of Various Classes of Organic Compounds*

Class of compound Frequ?ncy, Notes
ony
Aliphatic alcohols
primary 1015—1075
secondary 1105—1120
tertiary 1150— 1140
Open-chain ethers 1030—1150
Cyclic ethers q 84086 Frequency of the asym-~
ethylene oxide 40—860 i i i
trin);eth o eoide 970680 metric valence v1brat1.on
tetrahydrofuran 1075—1098 | of the C—0—C group in
1090 the ring
dioxane 1125 .
acetals and ketals 1038—1200 Usually 4 bands
Phenols 1125—1200
Esters 1150—1250
Carboxylic acids 1370
1420—1450
Vinyl ethers 1200— 1260
Acid anhydrides 1045—1175

*From the data of [5, 6],

Table 1 gives the characteristic absorption bands
of the C—O—C group for some types of organic com-

pounds, It can be seen that strong absorption bands

in the 1000—1100 cm™! region are found for quite a
wide range of compounds. If there is an unsaturated
substitutent or part of a molecule of increased electron
density immediately adjacent to the C—0—C group,

the frequency of the asymmetric valence vibrations
then lies in the interval 1200-1400 cm™,

Table 2

Characteristic Frequencies of the IR Spectra
of the Compounds Investigated

- as - S -1
pcoouﬁd V& ogr em? Vo Cm
]
1| 1076 918
I | 1040, 1078, 1100 9925 .
11 1017, 1070, 1114 876, 930, 971
3% 1000, 1045, 1085 855, 915, 938
v 1015, 1080, 1110 890, 915, 940
VI 980, 1010, 1080, 1130 860, 905
VII 1005, 1060, 1100 892, 910
VI 970, 1000, 1050, 1095 885, 905
X 990, 1020, 1040, 1078, 1125 885,012
X 980, 1010, 1050, 1075, 1125 885, 916
XI 1049, 1070, 1092 888, 885, 918, 935
XII 1000, 1062, 1095 | 878,910
XU 1000, 1055, 1075 ! 890, 915, 940
XIv 1012, 1065, 1110 | 875,919

Because of the difficulty of assigning this absorption
band precisely tothe tetrahydrofuran ring, inthe present
work an attempt was made to elucidate the character-
istic nature of the skeletal vibrations of the C—C bond
in the ring.

Figures 1 and 2 (see also Table 2) show the general
nature of the IR spectra of the compounds now investi-
gated.

The spectrum of tetrahydrofuran itself is dominated
by a very intense absorption band, frequency 1075 em~?,
due to the asymmetric valence vibration of the ether
group. The second intense band is at 918 em™!, This
band is obviously due to symmetric (pulsating) vibra-
tions of the tetrahydrofuran ring skeleton, Similar
bands were studied in detail by Batuev and coworkers
[13] for cycloparaffins. It was found that in the case of
cyclopentane the frequency of the pulsating vibrations
of the ring (a frequency in evidence ina Raman spectra)
is 890 cm™!, Replacement of one of the ring methylene
groups by an oxygen atom, while affecting dimensions
and valence angles of the ring comparatively little,
substantially alters the symmetry of the system, drop-
ping from the group Dgy, to group Cyy. The symmetry
lowering must be ascribed to activation of the pulsa-
tion vibrations in the IR spectrum, and so, to appear-
ance of an absorption band having a maximum at
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Fig. 1. IR spectra: 1) Cyclopentane,
2) tetrahydrofuran (I), 3) 2-methyl-
tetrahydrofuran (II), 4) 2-chlorome-
thyltetrahydrofuran (III), 5) 2-bro-~
momethyltetrahydrofuran (IV).
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Fig. 2. IR spectra: 1) 2-Methyl-5-bromoethyl-
tetrahydrofuran (VI), 2) methyl(2-methyltetra-
hydrofuryl-5)-methylsulfide (IX), 2a) ethyl(2-
methyltetrahydrofuryl-5)methylsuifide (X); 3)
2-chloromethyl-5-iodomethyltetrahydrofuran
(VIII), 3a) 2-chloromethyl-5-bromomethyl-
tetrahydrofuran (VII); 4) (2-chloromethyltetra-
hydrofuryl-5)methylmercaptan (XI), ta) methyl
(2-chloromethyltetrahydrofuryl-5)methylmer-
captan (XII); 5) 2-ethoxymethyl-5-iodomethyl-
tetrahydrofuran (XIII), 6) methyl(2~ethoxymethyl-
5-iodomethyltetrahydrofuryl-5)-methysulfide
(XIV).
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about 900 cm='*, The absence of a strong absorption
band in this region for open-chain ethers indicates

the impossibility of assigning the absorption of tetra-
hydrofuran in the 890 cm™! region to symmetric vibra-
tions of the ether group. It is natural to expect preser-
vation of the absorption band in this region with various
tetrahydrofuran derivatives, In point of fact, as Fig.

1 shows, without a single exception, the tetrahydro-
furan derivatives which we investigated show a group of
absorption bands comprising 2—4 bands at about 900 em™,

Actually, for substituted tetrahydrofurans there is
splitting of the band of ring symmetric pulsation vi-
brations, due to the decrease in symmetry of the
molecule from C, to the group C; when a substitutent
is introduced,

Also very characteristic is another group of bands,
near 1200 cm™!, Obviously it is due to ring asymmetric
valence vibrations. In the cases of unsubstituted deri-
vatives the maximum of this band has frequency 1190
em™Y; its intensity is substantially less than that of
the band of pulsation vibrations.

Introducing a substituent leads to splitting of this
band, and this is well marked in the spectra shown in
Figs. 1 and 2,

For the substituted tetrahydrofurans investigated
by us, no anomalies were detected in the display of
characteristic vibrations connected with the presence
of substituents (e. g. , ¥0—8; VC—Hal; YO—Jq and others).

Of the bands found in the spectrum of tetrahydro-
furan derivatives, the most suitable for confirming
the presence in the molecule of a 5-membered oxygen
ring are those bands due to antisymmetric valence
vibrations of the C—O—C group (1000-1100 cm™?), and
the bands of symmetric (pulsation) vibrations of the
ring (900-950 cm™’),

Ringantisymmetric vibrations bands (about 1200 cm™1)
are less convenient for this because of the abundance
of absorption bands in that region, and the difficulty
of assigning the individual bands to particular vibra-
tions of the structural elements of the molecule,

To a certain extent the nature of the splitting of
the bands ng and V?f——o—c is connected with the
number and nature of the substituents. Thus, for
2-monosubstituted derivatives the V& band ap-
pears as a triple peak with maxima 1020-1040; 1075 +
+ 15 and 1090-1100 cm™!, There is particularly sharp
splitting when there is halogen in the side chain,

For 2, 5-disubstituted derivatives, the first two of
the three bands mentioned above show up well, but the
band with a maximum at about 1100 cm™! appears as an
inflection at the short wave limb of the main absorption

peak.

EXPERIMENTAL

Table 3 gives properties and analytical data of the compounds,
Pure tetrahydrofuran (I) was isolated from technical material by dis-

*A similar case of activation of a series of vibra-
tions of the skeleton in the IR spectra, is considered
by Lecomte for benzene, pyridine, and a-picoline [14].
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tilling over sodium. 2-methyltetrahydrofuran (I1I) was prepared by
cyclizing pent-4-en-I-ol with sulfuric acid (8], 2-chloromethyl-
tetrahydrofuran (III) was synthesized from tetrahydrofurfuryl alcohol
[91.

2-methyl-5-iodomethyltetrahydrofuran (VI), 2-chloromethyl-5-
iodomethyltetrahydrofuran (VIII), 2-ethoxymethyl-5-iodomethyltetrahy-
drofuran (XIII) were prepared by cyclizing, tespectively, hex-1-en-5-
ol, 6-chlorohex-1-en-5-0l, and 6-ethoxyhex-1-en-5-ol with iodine,
as described in [10].

2-bromomethyltetrahydrofuran (IV), 2-methyl-5-bromomethyl-
tetrahydrofuran (V), and 2-chloromethyl-5-bromomethyltetrahydro-
furan were respectively prepared by the action of bromine on pent-1-
en-5-ol, hex-1-en-5-0l, and 6-chiorohex-1-en-5-ol,

§-substituted tetrahydrofurfurylalkylsuifides were synthesized as
described in [11],

Bromocyclization of unsaturated alcohols, 0.1 mole unsaturated
alcohol in 30 ml CCl, was put in a 3-necked flask fitted with me-
chanical stirrer, reflux condenser, and dropping funnel. The solution
of alcohol was stirred and cooled to —10°, and 0.1 mole bromine in
30 ml CCl  was added. Then the products were allowed to warm up
slowly to room temperature. To remove HBr formed, the reaction
products were treated with KOH, with cooling, After separating off
the precipitated KBr and distilling off the solvent, the residue was
vacuum distilled.

Synthesis of S-(2-chloromethyltetrahydrofurfuryl-5)methylthiourea
hydriodide. A mixture of 0.1 mole 2-chloromethyl-5-iodomethyl-

“tetrahydrofuran, 01 mole powdered thiourea, and 50 mi absolute

ethanol was heated on a water bath for 2 hr, Then 25-30 ml ethanol
was distilled off and, after cooling, 100-150 ml dry ether was added
to the residue. The crystals obtained were filtered off with suction
and washed with ether.

The other hydriodides were prepared similarly,*
Methyl-(2-chloromethyltetrahydrofuryl-5)methylsulfide (XII),
0.02 mole S-(2-chloromethyltetrahydrofuryl-5)methylthiourea hydrio-

dide was dissolved with stirring and heating in 15 mi ethanol. The
water bath was removed, 0,03 mole Mel was added, then dropwise
0.1 mole NaOH in 50 ml ethanol-water (1:1). Then the whole was
stirred and heated for 2-3 hr, after which almost all the ethanol was
distilled off, After cooling the solid was extracted twice with ether,
The ether was distilled off, and the residue vacuum distilled.

The other sulfides were synthesized similarly,

(2-chloromethyltetrahydrofuryl-5)methylmercaptan (XI) was
prepared by saponifying the corresponding thiourea hydroiodide [12].

All compounds were purified by vacuum distillation,

An IKS-14 spectrometer was used to measure the IR spectra in the
650-1800 cm ' region, and Table 2 gives the characteristic frequencies.
For the determination 1-2 drops of material were pressed between KBr
plates.
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