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INFRARED SPECTRA OF CYCLIC ETHERS AND THEIR DERIVATIVES 

1. Peculari t ies in the Skeletal Vibrations of the Tetrahydrofuran Ring 

A. P. Kil imov, M. A. Sveehnikova, V. I. Shevchenko, V. V. Smirnov, F. V. 
Kvasnyuk-Mudryi ,  and S. B. Zotov 

Khimiya Getero ts ik l icheskikh  Soedinenii ,  Vol. 3, No. 4, pp. 579-584, 1967 

UDC 547.722:543.422.4 

Data for the characteristic bands of cyclic ethers are reviewed. The 
infrared spectra of a number of 2-mono- and 2, 5-all-substituted 
derivatives of tetrahydrofuran are investigated. Absorption bands at 
about 900 cm -1 are related to pulsation vibrations, and those at 
about 1200 cm -1 to antisymmetric skeletal vibrations, 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 

as cm'~, but also C--O--C (VC_O_ C 1075 bands due to ring pulsation 
vibrations (ring symmetric valence vibrations V~k ~ 900 cm l). 

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 

c h a r a c t e r i s t i c  na tu re  of the a s y m m e t r i c  valence v ib ra -  
t ions of the e the r  group C--O--C in compounds of that 
kind. 

F r o m  l i t e r a t u r e  data [4-7]  the f requency  of the 
a s y m m e t r i c  valence v ibra t ions  of the e the r  group in 
the in te rva l  1075-1000 cm -1 can be cons ide red  c h a r -  
a c t e r i s t i c  of the t e t r ahydro fu ran  r ing.  

Despi te  the high in tens i ty  of this band, however,  it 
a lone can ha rd ly  s e rve  for  unequivocal  detect ion of 
the t e t r ahydro fu ran  ring,  as it is c lose  to the a b s o r p -  
t ion bands of a s y m m e t r i c  valence v ibra t ions  of the 
group C--O--C in open-cha in  a l iphat ic  and a l ipha t i c -  
a r o m a t i c  e thers ,  and the bands of the s ame  group in 
cycl ic  6 - m e m b e r e d  r i ng  e thers .  

Table  1 

C--O Bond Valence Vibra t ion F r e q u e n c i e s  
of Var ious  C la s se s  of Organic  Compounds* 

Class of compound Frequency, era.1 N o t e s  

Aliphatic alcohols 
primary 
secondary 
tertiary 

Open-chain ethers 

Cyclic ethers 
ethylene oxide 
trimethyleneoxide 
tetrahydrofuran 

dioxane 
acetals and ketals 

Phenols 
Esters 
Carboxylic acids 

Vinyl ethers 
Acid anhy.drides 

1015--1075 
1105--1120 
I150--Id40 
1030--1'150 

840--860 
97O--980 

107,5---1098 
1090 
1125 

1038--1200 
1125--1200 
1150--1250 

1370 
1420--1450 
1200--1260 
1045--ll75 

Frequency of the asym- 
metric valence vibration 
of the C--O-C group in 
the ring 

Usually 4 bands 

*From the data of [5, 6]. 

Table  1 gives  the c h a r a c t e r i s t i c  abso rp t ion  bands 

of the C- -O--C group for  some  types of o rgan ic  corn-  

pounds. It can be seen  that s t rong  absorpt ion  bands 
in the 1000-1100 cm -1 region a re  found for quite a 
wide range  of compounds~ If there  is an unsa tu ra ted  
subs t i tu ten t  or  par t  of a molecule  of inc reased  e lec t ron  
dens i ty  immedia t e ly  adjacent  to the C--O--C group, 
the f requency  of the a s y m m e t r i c  valence v ibra t ions  
then l ies  in the in te rva l  1200-1400 cm -I.  

Table 2 

Cha rac t e r i s t i c  F r e q u e n c i e s  of the IR Spectra  
of the Compounds Invest igated 

poundC~ V~So--c' cm'l VSsk' cm'l 

I 
II 

III 
IV 
V 

VI 
VII 

VIII 
IX 
X 

XI 
XII 

XIII 
XIV 

1076 
1040, 1078, 1100 
1Ol7,1070,1114 
1000,1045,|085 
1015,1080, Ill0 
980, 1010, 1080, 1130 
1005, 1060, 1100 
970, i000,1050,1095 
990, I020, i040, I078.1125 
980, I010, 1050, 1075, 1125 
I040, 1070, I092 
I000, I062,1095 
I000, I055, i075 
I012,1065,1110 

918 
925 

876, 930, 97l 
855, 915, 938 
890, 915, 940 
860, 905 
892, 910 
885, 905 
885, 912 
885, 916 
888, 885, 918, 955 
878, 910 
890, 915, 940 
875. 919 

Because  of the diff iculty of a s s ign ing  this absorp t ion  
band p r e c i s e l y  to the t e t r ahydro fu ran  ring,  in the p r e s e n t  
work an a t tempt  was made  to elucidate  the c h a r a c t e r -  
i s t ic  na tu re  of the ske le ta l  v ibra t ions  of the C--C bond 
in the r ing.  

F i gu r e s  1 and 2 (see a l so  Table  2) show the gene ra l  
n a t u r e  of the IR spec t r a  of the compounds now inves t i -  

gated. 
The s p e c t r u m  of t e t r ahydro fu ran  i t se l f  is domina ted  

b y a  very  in tense  absorp t ion  band, f requency  1075 cm -1, 
due to the a s y m m e t r i c  valence v ibra t ion  of the e the r  
group.  The second in tense  band is at 918 cm-a.  ' This  
band is obviously  due to s y m m e t r i c  (pulsating) v i b r a -  
t ions  of the t e t r ahydro fu ran  r ing  skele ton.  S imi l a r  
bands  were  s tudied in deta i l  by Batuev and eoworkers  
[13] for cye loparaf f ins .  It was found that in the case  of 
eye lopentane  the f requency  of the pu lsa t ing  v ibra t ions  
of the r i ng  (a f r equency  in evidence  in a Rarnan spec t ra )  
is 890 cm -1. Rep lacemen t  of one of the r i ng  me thy lene  
groups by an oxygen atom, while af fec t ing d i m e n s i o n s  
and valence angles  of the r ing  c ompa r a t i ve l y  l i t t le ,  
subs t a n t i a l l y  a l t e r s  the s y m m e t r y  of the sys tem,  d rop -  
ping f rom the group Dsh to group C2v. The s y m m e t r y  
lower ing  mus t  be a s c r i b e d  to ac t iva t ion  of the pu l sa -  
t ion v ib ra t ions  in the IR spec t rum,  and so, to a p p e a r -  
ance  of an abso rp t ion  band having a m a x i m u m  at 
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Fig. 1. I~ spectra: l)Cyetopentane, 
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)methylsulfide (X); 3) 
2-chloromethyl-5-iodomethyltetrahydrofu ran 
(VIII), 3a) 2-chloromethyl-5-bromomethyl- 
tetrahydrofuran {VII); 4) (2-chloromethyltetra- 
hydrofuryl-5)methylmercaptan (XI), 4a) methyl 
(2-chioromethyltet rahydrofuryl- 5)methylmer- 
captan (XII}; 5) 2-ethoxymethyl-5-lodomethyl- 
tetrahydrofuran (XIII), 6) methyl(2-ethoxymethyl- 
5-iodomethyltet rahydrofuryl- 5)-methysulfide 

(XIV). 



| 

C
om

- 
po

un
d I II

 

Il
l 

IV
* 

V
**

 

V
I 

V
II

 

V
II

I 

IX
 

X
 

X
l 

X
ll

 

X
ll

l 

X
IV

 

R
t 

H
 

H
 

H
 

H
 

C
H

a 

C
H

a 

C
1C

H
2 

C
IC

H
2 

C
H

a 

C
H

s 

C
IC

H
2 

C
IC

H
~ 

C
~H

s-
-O

C
H

: 

C
~H

s-
-O

C
H

2 

T
ab

le
 3

 

T
et

ra
h

y
d

ro
fu

ra
n

 
D

er
iv

at
iv

es
 I

n
v

es
ti

g
at

ed
 

R2
 

B
p,

 ~
 

(p
re

uu
re

, 
ra

m
) 

4 
0 

4 
o 

H
 

C
H

s 

C
IC

H
2 

B
rC

H
2 

B
rC

H
~ 

I C
H

2 

B
rC

H
2 

IC
H

2 

C
H

aS
C

H
2 

C
2H

sS
C

H
~ 

H
S

C
H

2 

C
H

3S
C

H
2 

I C
H

2 

C
H

aS
C

H
2 

64
--

-6
5 80
 (

76
11

 

55
--

56
 

(2
0)

 
80

 
(1

4)
 

45
--

57
 

(7
) 

55
--

56
 

(3
) 

82
--

83
 

(3
) 

94
--

96
 

(3
) 

64
--

66
 

(5
) 

8'
2-

-8
4 

(l
l)

 
79

--
80

 
(7

) 
10

7-
-1

09
 

(7
) 

11
8-

-1
21

 
(5

) 
10

6-
-1

08
 

(6
) 

3,
88

8 

3.
85

34
 

1,
36

28
 

1,
63

86
 

1.
47

79
 

1,
71

48
 

1,
00

36
 

0,
97

15
 

i.0
83

3 

1,
12

95
 

1.
53

9~
 

1.
02

97
 

1.
40

76
 

1.
40

59
 

1,
45

52
 

1,
48

10
 

1,
47

60
 

1.
52

30
 

1.
50

63
 

1.
54

45
 

1.
47

90
 

1,
47

43
 

1.
46

10
 

1.
49

75
 

1,
51

60
 

1,
48

20
 

F
ou

nd
 

C
al

cu
--

[ 
la

te
d 

[ 

37
,0

4 

42
.1

7 

42
,8

0 

47
.7

0 

41
,9

6 

46
.1

C
 

42
.0

2 

46
.8

3 

52
.8

2 

52
,8

{]
 

37
.3

0 

t2
.1

5 

11
.9

8 

t7
.0

2 

tl
.2

5 

~6
.2

0 

42
,0

0 
/ 

46
,8

0 
] 

53
.0

3 
] 

52
,7

0 
/ 

E
m

pi
ri

ca
l 

fo
rm

ul
a 

C
6H

uO
I 

C
6H

Io
O

C
IB

r 

C
sH

uO
C

II
 

C
T

H
I4

SO
 

C
sH

ts
SO

 

C
~H

~I
SO

C
1 

C
zH

I3
SO

C
I 

C
sH

lb
O

zI
 

C
gH

Is
SO

2 

h ;1
.1

0 

;2
,9

0 

~8
,7

9 

;7
,4

 

i0
.0

7 

13
,3

5 

i6
.4

 

15
.7

3 

;7
.1

 

Fo
un

d,
 %

 

H
 

S 

t.4
0 

3.
04

 
--

 

3.
85

 
~*

* 

L
45

 
1 S

 

0.
0 

9,
~ 

.6
5 

9.
~ 

5 

7.
74

 
7,

~ 
5 

5,
54

 
--

 

k6
4 

6.
44

 

,,
, 

,,,
 

H
al

o-
 

ge
n 

;7
.1

0 

[8
,3

6 
13

.0
0 

tl
.2

 

19
.3

 
t7

.0
4 

C
 

31
,8

 

33
,fi

 

27
.{

] 

57
.6

 

60
.C

 

43
.2

5 

46
.5

5 

35
.7

8 

56
.8

 

C
al

cu
la

te
d,

 %
 

,,
,=

 
,,,

 
, 

H
al

o-
 

Y
ie

ld
, 

ge
n 

[ 
%

 
H

 
S 

60
 

85
 

54
 

40
 

4.
86

 
56

.6
2 

80
 

4.
68

 
30

 

3.
84

 
47

.7
0 

80
 

13
o6

0 

9.
58

 
72

 

10
.0

 
81

 

6.
61

 
21

.3
 

52
 

7.
22

 
19

.2
 

68
 

5.
55

 
47

,0
0 

60
 

9.
48

 
75

 

('3
 

t~
 

0 r O
 

O
 

*T
he

 l
it

er
at

u
re

 [
15

] 
gi

ve
s:

 6
1

-6
3

 ~
 (1

3 
m

m
) 

n~
) ~

 1
.4

85
0;

 
dZ

4 ~
 1

.3
65

3,
 

24
 1

.4
74

8;
 

d 
24

 1
.3

57
. 

**
T

he
 l

it
er

at
u

re
 [

16
] 

gi
ve

s:
 6

7 
~ 

(2
0 

m
m

) 
n D

 

**
*A

na
ly

ze
d 

fo
r 

io
d

in
e 



470 

about 900 cm -~*. The absence  of a s t rong  absorp t ion  
band in this reg ion  for  open-cha in  e the r s  indica tes  
the imposs ib i l i t y  of a s s ign ing  the absorp t ion  of t e t r a -  
hydrofuran  in the 890 cm -1 region to s y m m e t r i c  v i b r a -  
t ions of the e the r  group.  It is na tu ra l  to expect  p r e s e r -  
vation of the absorp t ion  band in this reg ion  with var ious  
t e t r ahyd ro fu ran  d e r i v a t i v e s .  In point of fact, as Fig.  
1 shows, without a s ing le  except ion,  the t e t r a h y d r o -  
furan d e r i v a t i v e s  which we inves t iga ted  show a group of 
absorp t ion  bands c o m p r i s i n g  2 - 4  bands at about 900 cm -1. 

Actual ly ,  for  subs t i tu ted  t e t r ahyd ro fu rans  t he r e  is 
sp l i t t ing  of the band of r ing  s y m m e t r i c  pulsat ion vi-  
b ra t ions ,  due to the d e c r e a s e  in s y m m e t r y  of the 
m o l e c u l e  f r o m  C2v to the group C 1 when a subs t i tu tent  
is in t roduced.  

A l so  ve ry  c h a r a c t e r i s t i c  is ano the r  group of bands, 
n e a r  1200 cm -~. Obviously  it is due to r ing  a s y m m e t r i c  
va lence  v ibra t ions .  In the c a s e s  of unsubs t i tu ted  d e r i -  
va t ives  the m a x i m u m  of this band has  f r equency  1190 
e ra - l ;  i ts in tens i ty  is subs tan t ia l ly  l e s s  than that of 
the band of pulsa t ion  v ibra t ions .  

In t roducing  a subs t i tuent  leads to sp l i t t ing  of this  
band, and this is wel l  m a r k e d  in the s p e c t r a  shown in 
Figs .  1 and 2. 

F o r  the subs t i tu ted  t e t r ahyd ro fu rans  inves t iga ted  
by us, no a n o m a l i e s  w e r e  de tec ted  in the d i sp lay  of 

c h a r a c t e r i s t i c  v ib ra t ions  connected  with the p r e s e n c e  

of subs t i tuen t s  (e. g . ,  vC._S; vC__ttal; Vo._i_ I and o thers ) .  
Of the bands found in the s p e c t r u m  of t e t r a h y d r o -  

furan  d e r i v a t i v e s ,  the m o s t  su i tab le  fo r  c o n f i r m i n g  
the p r e s e n c e  in the m o l e c u l e  of a 5 - m e m b e r e d  oxygen 
r ing  a r e  those  bands due to a n t i s y m m e t r i c  va lence  
v ib ra t ions  of the C- -O- -C  group (1000-1100 cm-1),  and 

the bands of s y m m e t r i c  (pulsation) v ib ra t ions  of the 
r ing  (900-950 cm-~).  

Ring a n t i s y m m e t r i c  v ib ra t ions  bands (about 1200 c m "  l) 

a r e  l e s s  conven ien t  fo r  this because  of the abundance 
of absorption bands in that region,  and the d i f f icul ty  

of a s s ign ing  the individual  bands to p a r t i c u l a r  v i b r a -  
t ions of the s t r u c t u r a l  e l e m e n t s  of the m o l e c u l e .  

To a c e r t a i n  ex ten t  the na tu re  of the sp l i t t ing  of 
as  

the bands V~K and vC_O__ C is connec ted  with the 
n u m b e r  and na tu re  of the subs t i tuen t s .  Thus,  fo r  
2 -monosubs t i t u t ed  d e r i v a t i v e s  the v as C---O---C band ap-  
p e a r s  as a t r i p l e  peak with m a x i m a  1020-1040;  1075 4. 

4- 15 and 1090-1100  cm - j .  T h e r e  is p a r t i c u l a r l y  sha rp  
sp l i t t ing  when t h e r e  is ha logen  in the s ide  chain.  

F o r  2, 5 -d i subs t i t u t ed  d e r i v a t i v e s ,  the f i r s t  two of 

the t h r e e  bands men t ioned  above  show up wel l ,  but the 
band with a m a x i m u m  at about 1100 cm -~ appea r s  as an 
in f l ec t ion  at t h e  sho r t  wave  l imb of the m a i n  abso rp t ion  
peak. 

E X P E R I M E N T A L  

Table 3 gives properties and analytical data of the compounds. 
Pure tetrahydrofuran (I) was isolated from technical material by dis- 
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tilling over sodium. 2-methyltetrahydrofuran (II) was prepared by 
cyclizing pent-4-en-I-ol with sulfuric acid [8]. 2-chloromethyl- 
tetrahydrofuran (III) was synthesized from tetrahydrofuffuryl alcohol 
[9]. 

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

2-bromomethyhetrahydrofuran (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-l-en-5-ol, and 6-chlorohex-l-en-5-ol. 

5-substituted tetrahydrofurfurylalkylsulfides were synthesized as 
described in [11]. 

Bromoeyclization of unsaturated alcohols. 0.1 mole unsaturated 
alcohol in 30 ml CC14 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 CC14 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-chloromethyltettahydrofurfuryl-5)methylthiourea 
hydriodide. A mixture of 0.I mole 2-chloromethyl-5-iodomethyl- 
tetrahydrofuran, 0.1 mole powdered thiourea, and 50 ml 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- chloromethylt euahydrofuryl-5)methylsulftde (XII). 

0.02 mole S-(2-chloromethyltetrahydrofuryl-5)methylthiourea hydrio- 
dide was dissolved with stirring and heating in 15 ml ethanol. The 
water bath was removed, 0.0a mole MeI 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 (Xl) 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 "1 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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