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ABSTRACT. The ultrasound and microwave assisted air-oxidation of tertiary terpene alcohol —
racemic linalool was investigated at 40-80°C. The experiments were carried out in the solvent-free
conditions by microwave and ultrasound irradiations (150-650 W) at frequencies of 2450 MHz and
25 kHz, respectively. The analyses of the oxidation reaction products were performed with GC/MS
method (Agilent Technologies GC/MS, 7890B/5977A, USA). By air-oxidation of linalool under
microwave and ultrasound irradiations the following monoterpene diols (C10H1802) are mainly
formed: (3E)-2,6-dimethylocta-3,7-diene-2,6-diol; (22)-2,6-dimethylocta-2,7-diene-1,6-diol; (2E)-2,6-
dimethylocta-2,7-diene-1,6-diol; 2,6-dimethylocta-1,7-diene-3,6-diol; 1-methyl-4-prop-1-en-2-ylcy-
clohexane-1,2-diol; in oxidation products are also (3S,5E)-3,7-dimethylocta-1,5,7-trien-3-ol, C10H160
and very insignificant quantities of cis- and trans-linalool oxides (furanoids, C1oH1802) and 2-(5-
ethenyl-5-methyloxolan-2-yl)propan-2-yl ethyl carbonate, C13H2204. With growth of power and time
of ultrasonic and microwave irradiations the conversion of linalool reaches 65.6 and 52.4%,
respectively; qualitatively the composition of products in both cases is identical. © 2019 Bull. Georg.
Natl. Acad. Sci.
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The effect of microwave (MW) and ultrasound Studies on the oxidation of linalool in air are
(US) irradiations on conversion of terpene alcohols, ~ few. They are mainly devoted to the autoxidation of
was investigated in the oxidation reaction of linalool at room temperature. It was shown that
linalool with pure air [1-3]. linalool oxidation on air exposure occurs slowly at
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room temperature [4]. After 10 weeks of air
exposure, about 20% of the linalool was converted.
After about 30 weeks, 50% of the initial compound
was consumed, and after 80 weeks only about 4%
remained.

On air exposure oxidation reaction products of
linalool at room temperature contain the following
substances: allyl hydroperoxides (in the main
7-hydroperoxy-3,7-dimethylocta-1,5-diene-3-ol and
an insignificant amount of 6-hydroperoxy-3,7-dime-
thylocta-1,7-diene-3-ol), the furan oxides and
pyranoxides (2-(5-methyl-5-vinyltetrahydrofuran-2-
yl)propan-2-ol;  2,2,6-trimethyl-6-vinyltetrahydro-
2H-pyran-3-ol); also linalool alcohols (2,6-dimethyl-
octa-3,7-diene-2,6-diol; 2,6-dimethylocta-1,7-diene-
3,6-diol) and a little linalyl aldehyde (6-hydroxy-2,6-
dimethylocta-2,7-dienal) were identified in the
oxidation mixture [4-7].

Studies [5, 8] also showed that from the primary
products of the autoxidation of allyl hydro-
peroxides, secondary oxidation products (alcohols,
ketones, aldehydes, cis- and trans-linalool oxides of
the furanoid and pyranoid forms) are subsequently
formed. The observed linalool air- oxidation
products spectrum was explained in terms of a
direct reaction path, the ene-type mechanism, and
the radical mechanism.

Linalool was heated in the presence of
insufficient air at 40°C for 700 hours [9]. Among the
26 identified reaction products the most prominent
were four isomeric linalool oxides identified as cis-
and trans-linalool oxide (furanoid) and cis- and
trans-linalool oxide (pyranoid) [9]. Also, in the
reaction mixture, there are 2,6-dimethylocta-2,7-
diene-1,6-diol (8-Hydroxylinalool) and 3,7-dime-
thylocta-1,5,7-trien-3-ol (Hotrienol).

In the present study, we report on the effect of
microwave and ultrasonic irradiations on the
oxidation of terpene alcohol-linalool in the flow of
pure air at 40-80°C; the research was carried out in
order to identify the possibilities of obtaining of
citral from linalool by its isomerization into
geraniol and subsequent oxidation of the latter. In
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the present study it turned out that by air- oxidation
of linalool under microwave and ultrasound
irradiations dihydroxylated products of linalool
were mainly formed (Scheme).
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Scheme. Air-oxidation of linalool under microwave and
ultrasound irradiations.

Materials and Methods

Chemicals. Linalool (97-98 %, racemic GC, (%)-
3,7-Dimethylocta-1,6-dien-3-ol) and methanol
(for HPLC, >99.9%) were purchased from ”Sigma-
Aldrich”(USA).

Linalool oxidation-irradiation reaction procedure.
The oxidation of linalool with a pure air was carried
out under direct
irradiations in Ultrasonic-Microwave (hybrid)
Reactor UMR-300B (Shinka, Japan) by ultrasonic
vibration probe of 18 mm diameter, US frequency
25 kHz and at ultrasound and microwave output
150-650 W; in some cases, during the air-oxidation
of linalool the combined effect of US and MW was
also studied. The oxidation-irradiation reaction of
linalool was conducted in a liquid phase in a 50 ml
three-necked round-bottomed glass flask (“Bomex”)
with a reflux condenser,
condition and ambient pressure and at temperatures
in the range of 40-80°C. Duration of run was 1-5 h,
the conversion of 4-8 ml of linalool was examined,
air was taken in excess; the molar ratio of linalool
to air was varied in the range from 1/3 to 1/17.

ultrasonic or microwave

under solvent free

Analysis of the reaction products. The analyses
of the reaction products in solvent — methanol was
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Fig.1. GC/MS Chromatogram and structures of the starting beta-linalool 4 and products (1-3, 6-11) of its ultrasound-
2 — trans-
Linalool oxide, furanoid C10H1802, 3 — 2-(5-ethenyl-5-methyloxolan-2-yl)propan-2-yl ethyl carbonate C13H2204, 4 —
rolinalool C10H200, impurity substance of initial linalool, 6 —
(3E)-2,6-dimethylocta-3,7-diene-2,6-diol C1oH180z2, 7 — (22)-2,6-dimethylocta-2,7-diene-1,6-diol C10H1802, 8 — (2E)-
2,6-dimethylocta-2,7-diene-1,6-diol Ci0H1802 , 9 — 2,6-dimethylocta-1,7-diene-3,6-diol CioH1802, 10 — (5E)-3,7-

assisted (450 W, 1 h) oxidation in a flow of pure air at

3,7-dimethylocta-1,6-diene-3-ol C10H180, 5 — 1,2-Dihyd

80°C. 1 — cis-Linalool oxide, furanoid C1oH1sO2,

dimethylocta-1,5,7-trien-3-ol C10H160, 11 — (1S,2R,4R)-1-methyl-4-prop-1-en-2-ylcyclohexane-1,2-diol C10H180x..

performed with GC/MS method (Agilent
Technologies GC/MS, 7890B/5977A, USA) in the
El mode, 70 eV. There were used helium as a
carrier gas and capillary column HP-5ms, Ultra
Inert, 30 m x 0.32 mm x 0.25 um. Analyses were
carried out in program mode: hold at 80°C for 5
min, ramp to 210°C at 30°/min, hold at 210°C for
10 min. Helium was used as carrier gas at constant
flow rate of 1.0 ml/min. The identification of the
compounds was made by comparing the spectra
with NIST 2014 library. The amount of linalool
was determined from its calibration curve.
Conversion of linalool was determined according
to the formula: Crinaool, %0 = (Minitial Linalool -
Munconverted Linalool) X 100/Minitial Linalool, M iS the
mass of substance. The content of the reaction
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products was compared in terms of GC-MS

area%.

Results and Discussion

Linalool oxidation under irradiation

microwaves and ultrasounds. Under the influence
of US and MW linalool 4 in the atmosphere of air
at 40-80°C is oxidized to qualitatively same
products (Fig. 1, Table); herewith the monoterpene

diols (C10H1502) 6-9 and 11 were formed; i

oxidation products were also

C13H2204, Fig.l.

(3S,5E)-3,7-
dimethylocta-1,5,7-trien-3-0l 10, CioH160, very
insignificant quantities of 1 cis- and 2 trans-linalool
oxides (furanoid, CioH1802) and 2-(5-ethenyl-5-
methyloxolan-2-yl)propan-2-yl ethyl car-bonate 3,
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Table. Effect of ultrasound, microwave and combined MW/US—irradiations on oxidation of beta-linalool with

air, temperature — +80°C

Entry 1 2 3 4 5 6
v(Linalool) , mol 0.045 0.045 0.045 0.045 0.023 0.023
Type of radiation/ | US/ 350 /5 MW/US/ | US/450/1.5| US/350/1.5 MW/650/1.5 MW/650/5

Power, W/Run 450/350 /5

time, h
Conversion of 65.6 44.4 20.8 27.6 11.2 52.4
Linalool, %
GC-MS area %
cis- Linalool oxide 3.8 little little little little little
(furanoid)
2-(5-ethenyl-5- little 6.4 little little little 5.6
methyloxolan-2-
yl)propan-2-yl
ethyl carbonate
(3E)-2,6- 3.8 little little little little little
dimethylocta-3,7-
diene-2,6-diol
(22)-2,6- 21.6 16.0 6.8 9.6 4.0 16.0
dimethylocta-2,7-
diene-1,6-diol
(2E)-2,6- 13.2 104 5.6 7.2 3.2 12.8
dimethylocta-2,7-
diene-1,6- diol
2,6-dimethylocta- little little little little - -
1,7-diene-3,6-diol
(5E)-3,7- 17.6 10.8 8.4 104 4.0 13.6
dimethylocta-
1,5,7-trien-3-ol
1-methyl-4-prop-1- 5.6 0.8 - little little 44
en-2-ylcyclohe-
xane-1,2-diol
Sum of GC-MS 3.8 little little little little little
area % of oxides
Sum of GC-MS 442 27.2 124 16.8 7.2 33.2
area % of diols

With growth of temperature from 40 to 80°C
linalool conversion sharply increases as at
irradiation of MW and so US; data for 80°C are
provided in Table. At the same, content of diols in
the reaction products also increases to 44.2 and 33.2
GC-MS area%, especially substances 7 and 8, as
well as trienol 10 (Table, Entries 1, 6).

From the US irradiation power of 200-350-450
W, an extreme dependence of the linalool
conversion was observed with a maximum at 350
W, respectively, 16.7, 27.6 and 20.8% (Table,
Entries 3, 4); data for 200 W are not shown. Under
the combined action of MW/US (Table 1, Entry 2),
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the linalool conversion, the content of diols and
(5E)-3,7-dimethylocta-1,5,7-trien-3-ol were redu-
ced in comparison with the data separately for MW
and US irradiation (Table, Entries 1, 2, 6).

In the reaction products no epoxides were found
and the content of cis- and trans- linalool oxide
(furanoid) was insignificant in contrast to the
oxidation reaction without irradiation [5,9]; this is
consistent with the fact that the formation of oxides
from linalool probably must pass via linalool
tertiary hydroperoxide (Linalool-OOH) and then
through epoxide [5].
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A comparison of the structures of the
obtained compounds and linalool (Fig. 1)
suggests the possible ways of linalool conversion
during its air- oxidation under the influence of
microwaves and ultrasounds irradiations; as is
known, allylic C—H bonds are about 15% weaker
than the C—H bonds in ordinary sp® carbon
centers and are thus more reactive [10]; the
linalool molecule at positions 5, 8 and 9 contains
allyl hydrogen atoms, the abstraction of which in
the presence of US and MW s likely to be
facilitated, ultrasounds and microwaves initiate
the formation of radicals. This will lead to an
increase in the formation of allyl radicals of
linalool; the latter, when interacting with triplet
oxygen, form peroxyl radicals [2] and then the
corresponding hydroperoxides of linalool with
different locations of OOH groups, the
decomposition of which produces secondary
products of linalool oxidation: alcohols, ketone
aldehydes [8]. In the reaction products in the
highest content there were diols: 7, (22) -2,6-
dimethylocta-2,7-diene-1,6-diol C19H150, and 8,
(2E)-2,6-dimethylocta-2,7-diene-1,6-diol C1oH150,,
also hotrienol i.e. 10, (5E) -3,7-dimethylocta-
1,5,7-trien-3-0l C1oH160; the precursor of the
formation of these diols, apparently, should be
primary linalool hydroperoxide in which the
hydroperoxide group of OOH is in position C8,
C5. Therefore, during the oxidation of linalool
with oxygen of air in the presence of MW and
US, C6-C7 carbon-carbon double bond (alkenyl
carbon) of beta linalool are primarily activated
[8], which facilitates even easier separation of
allylic hydrogen atoms at C5 and C8 atoms. In
particular, 10, C10H160 was probably formed in
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this way. Apparently, upon irradiation, the
activation of both 1,2- and 6,7 carbon double
bonds of linalool leads to cyclization and to the
formation of 11, C19H150,.

Conclusion

The oxidation of terpene alcohol linalool (C10H150)
in a stream of pure air under ultrasonic, microwave
and combined microwave/ultrasonic irradiations at
40-80°C was studied. The air was taken in excess
in comparison with linalool; US and MW irradiations
powers varied in the range of 150-650 W; MW and
US frequencies were 2450 MHz and 25 kHz,
respectively. By air- oxidation of linalool under US
and MW irradiations qualitatively the same
products are formed; the conversion of linalool is
greater when irradiated with ultrasound; with the
combined action of US and MW, the conversion
and quantitative content of products are
significantly reduced. During the air-oxidation of
linalool under MW and US irradiations at 40-80°C
the monoterpene diols (C1oH1502, (22)-2,6-dime-
thylocta-2,7-diene-1,6-diol, (2E)-2,6-dimethylocta-
2,7-diene-1,6-diol) and  (5E)-3,7-dimethylocta-
1,5,7-trien-3-ol, C1oH160 were mainly formed; under
US irradiation their content in the reaction products
was 40.4 and 17.6 GC/MS area %, respectively. The
formation mainly of diols by irradiated air-oxidation
of linalool was explained by the supposition about
radical mechanism.

The study was carried out under Project #217868
“The new approaches in syntheses of geraniol,
nerol and citral” supported by Shota Rustaveli
National Science Foundation of Georgia.



Linalool Oxidation Reaction with Air under Ultrasound and ... 45

20b03900 Jodos

0b5¢rMmols 756335 3590000 MeGMsdgMOL
@5 3030M@E5¢9d0l sliboggdolsls

3. 30309300, 3. M3303300™, 0. 0356mgsl, 6. Jmdosdzowos,
». dv9305%, 3. JGEo3099°

*535009000b (9360, 03569 x0335b0T30¢70L 0Boerobol bsbyerdfoge 216039HLoBIA0: 393G
G9e0540830¢0b 30D0O3H0 @5 HgsbrIero Jodool obldod o, 08orobo, bsgstoz9¢e

*03569 x0535b0dz00m0l 0280erobols bsbgerdfonem #boz9(bodIB0, 39309 d9arododzocmol 3oboztGo s
(85679c00 Jodool 0bbBHodIBH0, 0Boerobo, bsfs®omzgere

18. 8. eredmbmbmzol bsbgermbol dmlizmzol bsbgerdfoge «96039(Gbodgd0, J0dool 3s3:9e3IAd0;
306909006 @5 35¢95¢P0DOb ¢P5BaBSHH05, Flizm30, Gobgorol BIOIGSGOs

$03569 x0o39b0830¢70l Boerolol bsbyerdfognm 96039HLoBIA0, B0BOZNGO @S 565¢70DrGHO Jodool
@P356H5996¢90, Borobio, bsgstoggarem

#bs6 ogaml bsbgerdfomnm @960396LodIA0 bstsGozganmdo, odogrobo, bsfsGozggarm

gbaja(f)mggqnmb F0bsg5b bsdgoos bsdobobdme, bsgfb39(rHer-32080b5¢0lihoz29650 ©93569s996(90,
080¢robo, bsgs®oz9erm

350m33gnos  GgM3gbmeo  dgbodgyyemo  B3odEOl @obsmmmemols  gobpzs  40-80°C
399390 mMgdBy FoMdo 3sgMol 65350080 MEEMdYIMHOLS s F03NMEAENMMIBOL Eslsboggdolisl.
(000 GHOMHEYdMEs wYsdblbgeme, 3sdmoygbgdmes 150-650 W Loddemsg®ols s 2450 MHz o
25 kHz Lobdotmggodol 8030m@EHomms @ Men@®sdygds, 9gbodsdolsm. #9630l 3Gmemd@gdol
3b5gnoBo GHIMEYdMEs JHmTo@MIsl-ldgd@HmAgGHvmo dgommwoon (Agilent Technologies GC/MS,
7890B/5977A, USA). domgdnmo g56330L 36:0m©ndEgdo doMmomoms@ 39ma00s SEromey®o ©om-
@doLsysh (CieH1802): (3E)-2,6-008gmommg@s-3,7-0096-2,6-ommo; (2Z)-2,6-0dgmommd®s-2,7-
©096-1,6-coomeo;  (2E)-2,6-08gmogmmgd@e-2,7-©0gb-1,6-@omeo;  2,6-0d9000¢mdds-1,7-0gb-
3,6-c00mro; 1-dgmom-4-36m3-1-96-2-0mEo3wem-39lsb-1,2-ommo; spMgmgg dslsdo s6ob (3S,5E)-
3,7-c008gmogmgd@o-1,5,7-BM0gb-3-mmo, CioHisO, dsemosh 3oty Mommgbmdoo Gol- s G®Msbl-
wobsmmmen  mdlogdo  (BmGsbmopo, CwoHiO2) ©s  2-(5-gogbon-5-8goommdlieemsb-2-
0)3MHM356-2-0¢0 gomoen 35MdMbsE0, CisH204.

Bull. Georg. Natl. Acad. Sci., vol. 13, no. 4, 2019



46 Vladimer Tsitsishvili, Tsiuri Ramishvili, Irina Ivanova ...

REFERENCES

1. Tsitsishvil V., lvanova I.1., Ramishvili Ts., Bukia T., Kurtsikidze Gr. (2018) GC-MS Study of catalytic conversion
of terpene alcohols on micro-mesoporous zeolites. X1 International Mass Spectrometry Conference on
Petrochemistry, Environmental and Food Chemistry. Petromass 2018. Bled, Slovenia. April 15-18,. Book of
Abstracts. O-ENV 3:22.

2. Ramishvili Ts., Tsitsishvil V., Ivanova I.1., Kokiashvili N., Bukia T., Kurtsikidze Gr. (2019) Synergic actions of
beta-type zeolites and ultrasonic irradiation in the conversion of geraniol. Asian J. Chem., 31, 2: 438-444.

3. Ramishvili Ts., Tsitsishvil V., lvanova I.1., Kokiashvili N., Bukia T., Kurtsikidze Gr. (2019) Catalytic conversions
of linalool on micro- and micro-Mesoporous BEA-type zeolites under microwaves irradiation. Bull. Georg. Natl.
Acad. Sci., 13, 3:54-62.

4. Skold M., Bérje A., Matura M., Karlberg A-T. (2002) Studies on the autoxidation and sensitizing capacity of the
fragrance chemical linalool, identifying a linalool hydroperoxide. Contact Dermatitis, 46: 267-272.

5. Skéld, M., Bérje, A., Harambasic, E., Karlberg, A.-T. (2004) Contact allergens formed on air exposure of
linalool. identification and quantification of primary and secondary oxidation products and the effect on skin
sensitization. Chem. Res. Toxicol., 17, 12: 1697-1705.

6. Skéld M., Borje A., Harambasic E., Matura M., Karlberg A.-T. (2008) FS06.2 Autoxidation of linalool and
impact on the sensitizing capacity and allergenicity. Contact Dermatitis, 50 3: 147-147.

7. Christensson B. J., Andersen K. E., Bruze M., Johansen J. D., Garcia-Bravo B., Gimenez Arnau, Chee-Leok
Goh, Nixon R., lan R., White I. R. (2012) Air-oxidized linalool-a frequent cause of fragrance contact allergy.
Contact Dermatitis, 6, 75: 247-259.

8. Bécktorp C., Wass J. R. T. J., Panas I., Skéld M., BorjeA., Nyman G. (2006) Theoretical investigation of
linalool oxidation. J. Phys. Chem. A, 110, 44: 12204-12212.

9. Pokorny J., Pudil F., Volfova J., Valentova H. (1998) Changes in the flavour of monoterpenes during their
autoxidation under storage conditions. Food flavors: formation, analysis and packaging influences. Proceedings
of the 9th International Flavor Conference. The George Charalambous Memorial Symposium, 667-677.

10. Chang R. (2010) Chemistry. 10th edition: 1085 p., McGraw Hill, New York.

Received September, 2019

Bull. Georg. Natl. Acad. Sci., vol. 13, no. 4, 2019



