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The Infrared Spectra of Troponoid Compounds. VI. The Infrared 
and Raman Spectra of Tropolone, 3- and 4-Isopropyltropolones

By Yusaku IKEGAMI 

(Received March 30, 1963)

In Part IV1) of this series, the infrared and 
Raman spectra of tropone (I) and their vibra-
tional assignments were described. Analyses 
of the infrared spectra of many troponoids can 
be made on the basis of these findings. Yet, 
however, for the analyses of the infrared 
spectra of many tropolones, it is desirable to 
know the characters and the assignments of 
the infrared and Raman spectra of some typical 
tropolones. In the present paper, the Raman 
spectra of tropolone (II), 4-isopropyltropolone 
(hinokitiol) (III) and 3-isopropyltropolone (a-
thujaplicin) (IV) will be measured in carbon 
tetrachloride, and the vibrational assignments of 
these spectra will be discussed, together with 
their infrared spectra. All these tropolones 
are colorless crystals and are soluble in organic 
solvents suitable for the measurement of Raman 
spectra. Although the Raman spectra of II 
and III in benzene have been reported on 
already by Imanishi and Ito,2,3) more detailed 
results were obtained in the present measure-
ments. 

Measurements 

Raman spectra were measured with a Shimadzu 
automatic-grating Raman spectrometer, type GRS-
750, using the Hg-e line (4358A) from the Toronto-

type mercury lamp as the exciting line. A solution 

containing ethyl violet and p-nitrotoluene in dena-

tured alcohol was used as the filter for the light 

source.1) Each sample was measured in carbon 

tetrachloride (25•`35% conc.) by the use of a 

Raman tube 8mm. in inner diameter. As the three 

tropolones are easily colored on exposure to light, 

the purified samples were preserved in a dark place 

and caution was taken to shorten the time required 

for the measurement. Relative intensities in each 

spectrum (Tables I-III) are given, taking the peak 

intensity of the most intense line, around 1500 

cm-1, as the standard. 

Infrared spectra were measured with a Perkin-

Elmer model 21 infrared spectrophotometer, using 

calcium fluoride, sodium chloride and potassium 

bromide prisms. 

Tropolone (m. p. 51•Ž), 4-isopropyltropolone 

(m. p. 52•Ž) and 3-isopropyltropolone (m. p. 34•Ž) 

were purified several times by recrystallization and 

vacuum distillation.

Results and Discussion

Characteristic Features Appearing in the 

Raman Spectra of Four Troponoids.-The 

Raman lines observed on three tropolones are 

shown in Fig. 1, together with those of tropone 

measured earlier.1) All these spectra exhibit 

the most intense line around 1500cm-1. Fur-

ther, some strong lines were found which cor-

respond well in their wave numbers and rela-

tive intensities to the intense lines of the

1) Y. Ikegami, This Bulletin, 35, 967 (1962). 
2) S. Imanishi and M. Ito, ibid., 28, 75 (1955). 
3) S. Imanishi and M. Ito, ibid., 29, 632 (1956).
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Fig. 1. Raman spectra of four troponoids.

tropone spectrum. Since these characteristic 
lines in the four troponoids are related to the 
vibrations of the tropone skeletal part, tenta-
tive assignments can be made with reference 
to the assignments for the spectra of tropone') 
and tropolone4), as Fig. 1shows. 

The following features in the spectra are 
illustrated in Fig. 1. 

(1) The Raman lines of the three tropolones 
corresponding to the vibrations belonging to

I a b

II: R1=R2=H 
III: R1=H, R2=isopropyl 
IV: R1=isopropyl, R2=H

A1 species of tropone are strong in general. 
The Raman line due to the C=C in-phase 
stretching vibration in each spectrum is most 
intense, but not so strong as that of tropone 
in the relative intensity. 

(2) In a spectrum of 3-isopropyltropolone, 
it is noticeable that the line due to the C=C 
in-phase stretching vibration is separated into 
two lines, at 1489 and 1476cm-1, with a

similar intensity. This fact suggests two possi-
ble tautomeric forms, IVa and IVb, for the 
structure of 3-isopropyltropolone. In the other 
region, also, some of the Raman lines are 
found to form pairs, such as 1618 and 1604, 
1318 and 1295, 1263 and 1239, 985 and 965, 
785 and 758, 728 and 724, and 275 and 234 
cm-1. 

The existence of similar tautomeric forms 
must be considered also for 4-isopropyltropo-
lone, and some paired lines, such as 1554 and 
1549, 1426 and 1412, 1328 and 1293, 772 
and 731, and 280 and 272cm-1, are pointed 
out. On the intramolecular hydrogen bonding 
of tropolone, it has been suggested that a 
highly mobile tautomeric hydrogen is located 
by the two equivalent potential minima.5) 
Accordingly, it is natural to interpret the vib-
rational spectra of tropolones on the basis of 
a consideration of the tautomerism, except for 
those cases, such as the 5-monosubstituted tro-
polones, in which two tautomeric forms have 
the same structural model. 

(3) The vibrations due to the C-O-H group 
are generally strong in the infrared spectra 4,1,1) 
but weaker or indistinct in the Raman spectra.

4) Y. Ikegami, ibid., 34, 94 (1961).

5) H. P. Koch, J. Chem. Soc., 1951, 512. 
6) Y. Ikegami, This Bulletin, 34, 91 (1961). 
7) Y. Ikegami, J. Japanese Chem. (Kagaku-no-Ryoiki), 

38, 33 (1959).
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TABLE I. OBSERVED FREQUENCIES (cm-1) AND THEIR POSSIBLE ASSIGNMENTS FOR TROPOLONE

(vs: very strong, s: strong, m: medium, w: weak, vw: very weak, sh: shoulder, b: broad, 

ip: in-plane, op: out-of-plane) 

a) The region of 3600•`2000cm-1 was measured by using a calcium fluoride prism. The 

spectrum was measured in carbon tetrachloride (4000•`900cm-1 range) and in carbon 

disulfide (900•`400cm-1). 

b) Refs. 4 and 6. c) Ref. 9.

Therefore, it is fairly difficult to distinguish 

the vibrations of the tropone skeletal part in 

the infrared spectra, especially in the finger-

print region, because of the overlap with the 
strong and broad absorptions due to the C-O-

H group. On the contrary, almost all of the 

skeletal vibrations are observed distinctly in 

the Raman spectra.

(4) In the spectra of 4- and 3-isopropyltro-

polones, the Raman lines due to the isopropyl 

group8) are found in the 2968•`2872, 1393•`
1375 and 1188•`1132cm-1 regions. 

On the basis of these features, the following

8) R. N. Jones and C. Sandorfy, "Chemical Application 
of Spectroscopy", Ed. by W. West, Interscience Publishers, 
New York (1956), pp. 336, 356.
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TABLE 11. OBSERVED FREQUENCIES (cm-1) AND THEIR POSSIBLE ASSIGNMENTS 
FOR 4-ISOPROPYLTROPOLONE
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TABLE II. (Continued)

a) The region of 4000•`2000cm-1 was measured as a crystalline film (Ref. 6) and the region 

lower than 2000cm-1 was measured in a potassium bromide disk. 

b) The region higher than 2000cm-1 was measured by using a calcium fluoride prism. 

c) In carbon tetrachloride (4000•`900cm-1 range) and in carbon disulfide (900•` 600cm-1), ca. 

5% conc. 

d) Ref. 10. e) Ref. 3.

remarks can be made concerning the assign-

ments for the observed frequencies of tropo-

lone, 4- and 3-isopropyltropolones. 

Tropolone.-The observed frequencies of tro-

polone and their assignments are summarized 

in Table I. The infrared spectra of tropolone 

in the solid, liquid and vapor states and the 

assignments regarding the C-O-H group, the 

CH-stretching and some of the CH-bending 

vibrations have already been described in 

Parts II6) and III4). 

In the 1650•`1450cm-1 region, the most 

intense Raman line, at 1473cm-1, may easily 

be assigned to the totally symmetric stretching 

vibration of three C=C bonds. The two bands 

at 1618 and around 1555cm-1 maybe explain-

ed as resulting from the participation of both 

C=O and C=C stretching vibrations, as has 

been described in the preceding paper.9) 

These frequencies are considerably lower than 

those of the corresponding bands in tropone 

as a result of the conjugated chelation in a 

tropolone structure. 

When the Raman spectrum in the 1450•` 

1000cm-1 region is compared with that of 

tropone, the following lines corresponding to 

each other in frequency and relative intensity 

are found: 

Tropone; 1412 (0.3), 1309 (0.4), 1254 (1.3), 

1217 (0.6), 1017cm-1 (0.2). 

Tropolone; 1418 (4.2), 1304 (1.9), 1265 (4.2), 

1211 (1.9), 1049cm-1 (0.5).

The vibrational frequencies due to the tropone 

skeletal part in tropolone are not greatly dif-

ferent from those of tropone. Therefore, the 

above frequencies can be assigned to the same 

vibrational modes as those of tropone, as is 

indicated in Table 1. The band at 1265cm-1 

is assumed to be related to the vibration of 

the C-O-H group,4) and thus this band may 

be considered the overlap of two bands. The 

band at 1444cm-1 is assumed to correspond 

to the band at 1473cm-1 of tropone. 

The infrared absorptions at 767 and 726cm-1 

are assigned to the CH and OH out-of-plane 

bending vibrations respectively.4) Of the 

remaining frequencies in the 1000•`700cm-1 

region, the two bands at 957 and 744cm-1 can 

be assigned to the C-C stretching vibrations, 

since these bands are strong in the Raman 

spectrum and correspond well to the vibrations 

belonging to A1 species of tropone. The latter 

was also assigned similarly by Imanishi and 

Ito.2,3) The other frequencies observed in this 

region are assumed mainly to be due to the 

CH bending vibrations, as indicated in Table 

I. 

The bands in the region lower than 700cm-1 

are assigned to the deformation vibrations of 

the tropone skeleton. Of these, the distinct 

Raman lines at 678, 360 and 342cm-1 are 

probably due to vibrations similar to the bands 

at 653, 396 and 329 cm-1 of the tropone 

spectrum.1) 

4-Isopropyltropolone.-The observed frequen-

cies, obtained from the infrared spectra in the9) Y. Ikegami, This Bulletin, 35, 972 (1962).
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TABLE III. OBSERVED FREQUENCIES (cm-1) AND THEIR POSSIBLE ASSIGNMENTS 
FOR 3-ISOPROPYLTROPOLONE

a) The region higher than 2000cm-1 was measured by using a calcium fluoride prism.
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solid, liquid, solution and vapor states10) and 

from the Raman spectrum, are shown in Table 

II, together with their possible assignments. 

The OH and CH-stretching absorptions have 

already been discussed in Part II.6) Frequen-

cies in the 1650•`1470cm-1 region are due to 

the tropone skeletal stretching and C-O-H 

group vibrations, as in the case of tropolone. 

The bands in the 1460•`1442, 1389•`1360 and 

1188•`1130cm-1 regions are assigned, respec-

tively, to the CH3 degenerate deformation, the 

symmetric deformation and the skeletal vibra-

tions of the isopropyl group.8,11) These bands 

are very weak in both infrared and Raman 

spectra. The assignments of the remaining 

bands in the 1470•`1000cm-1 region were 

given with reference to those of tropolone and 

after consideration of the variation of absorp-

tions according to the changes of state.4) The 

Raman lines at 1030 and 1014cm-1, as well as 

those at 1426 and 1412cm-1, are considered to 

be doublets due to the existence of two tauto-

meric forms, Illa and IIIb. 

It is possible to assign the intense Raman 

lines at 878 and 772cm-1 to the ring C-C 

stretching, and the absorption bands at 950, 

820 and 790cm-1, 12) to the CH out-of-plane 

bending vibrations, which are expected to 

have a strong intensity. The broad absorption 

band at 735cm-1 is the OH out-of-plane vibra-

tion. The weak bands at 998 and 951cm-1 are 

probably assigned to the CH out-of-plane vibra-

tions, which are to be expected in this region. 

The weak absorptions at 1997 and 1900cm-1 can 

be explained as the overtones of these vibrations. 

3-Isopropyltropolone.-The observed frequen-

cies and their possible assignments are sum-

marized in Table III. The bands observed in 

the 2967•`2865 and 3049•`3007cm-1 regions 

belong to the CH stretching vibrations, and 

their frequencies differ little from those of 4-

isopropyltropolone. The broad infrared absorp-

tion in 3450•`3095cm-1 is assigned to the OH 

stretching vibration, and the corresponding 

Raman lines are very weak. This OH absorp-

tion, which is strongest at 3170cm-1 in liquid, 

shifts to 3095cm-1 and its intensity decreases 

in carbon tetrachloride. The direction of the 

shift of absorption caused by the change of 

state agrees with that in the case of tro-

polone, but the frequencies in each state are

lower by about 50cm-1 than those of many 

tropolones. Such lower frequencies are also 

observed in the spectra of 3, 7-dibromotropo-

lones13) and 3-quinonyltropolone (3090cm-1) 14) 

all of which have a bulky substituent at the 

3-position of the tropolone ring. 

Frequencies in the 1650•`1470cm-1 region 

are assigned in the same manner as in the case 

of 4-isopropyltropolone. The Raman line at 

1463cm-1 is assigned to the CH3 degenerate 

deformation vibration, and the corresponding 

infrared band shows a strong intensity because 

of the overlap with the strong and broad 

absorption due to the C-O-H group. Two 

bands in 1395•`1375cm-1, one shoulder at 

1345cm-1 and two band in 1183•`1130cm-1 

are all assigned to the vibration due to the 

isopropyl group. Of these, the strong intensity 

of the infrared absorption band at 1394cm-1 

indicates the overlapping with the ring CH 

bending absorption, as its to be expected from 

the fact that 3-bromotropolone shows the 

absorption band at 1375 and 1353cm-1 (in 

carbon tetrachloride). 

The broad absorption band at 1233 cm-' in 

the liquid spectrum appears to be related to 

the C-O-H group. In carbon tetrachloride, 

this band shifts to the higher wave number 

side, merging around 1254cm-1, as in cases of 

tropolone and 4-isopropyltropolone.6) The 

remaining bands in the 1470•`1000cm-1 region 

have been assigned with reference to the 

assignments for the spectra of tropolone and 

4-isopropyl tropolone. 

As may be seen in Fig. 1, a line at 877cm-1 

and two paired Raman lines at 985 and 965 

cm-1 and at 728 and 724cm-1 are assigned to 

the ring C-C stretching vibrations. The broad 

absorption band, strongest at 742cm-1 in the 

liquid spectrum, shifts to 739cm-1 in carbon 

tetrachloride ; this is assigned to the OH out-

of-plane vibration. Among the remaining 

bands in the 1000•`700cm-1 region, those 

which are strong in the infrared spectrum and 

weak in the Raman spectrum are probably to 

be assigned to the CH out-of-plane bending 

vibrations, as Table III indicates. The two 

Raman lines at 785 and 758cm-1 are assumed 

to be due to the isopropyl group.8) The Raman 

lines at 618 and 376cm-1 and the paired oness 

at 275 and 234cm-1, which are all distinct in 

the Raman spectrum, are probably to be 

assigned to the same vibrations as those of 

tropone at 653, 396 and 259cm-1 respectively. 
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10) S. Kinumaki, K. Aida and Y. Ikegami, Sci. Repts. 
Research Inst., Tohoku Univ., Ser. A, 8, 263 (1956). 
11) L. J. Bellamy, "The Infrared Spectra of Complex 

Molecules", Methuen, London (1958), pp. 13, 26. 
12) From the results of spectral measurement made on 

various 2, 4- and 2, 6-disubstituted tropones, Takase et al. 
concluded that the absorption bands at 820 and 790cm-1 
correspond to the structures of IIIa and IIIb respectively. 
(K. Takase, M. Yasunami and T. Nozoe ; Presented at the 
14th Annual Meeting of the Chemical Society of Japan, 
Tokyo, April, 1961.)

13) K. Ogura and Y. Ikegami, Bull. Chem. Research Inst. 
Non-Aqueous Solutions, Tohoku Univ., 9, 23 (1959). 

14) S. Seto, Y. Ikegami and H. Sato, ibid., 11, 85 (1962): 
S. Seto and H. Sato, This Bulletin, 35, 349 (1962).
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