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ABSTRACT

The iodometric titration method was used to studyKinetics of some individual terpenoids epoxatatieactions
(e-pinene, limonene, limonene oxide), and the medjcade turpentine epoxidation with the peroxy dexaracid
in the methylene chloride medium at 297-298 K. Kinetics of the reaction was shown to be governgdhle
second order kinetic equation. The second ordexcife constants of the reaction rate were deteegirfor o-
pinene — 3.6 L mdimin® (297 K), limonene (to epoxide) — 2,1 L thalin® (295 K), limonene oxide (to dioxide) —
0.052 L mol min™ (295 K), for turpentine — 3.9 L mbmin* (297 K). The proposed techniques of the quaniiati
determination of the basic substance content aneraénation of the iodine number of some terpenéidginene,
limonene, limonene oxide) and the (medical-gradej gurpentine were based on the data of epoxidatiiim the
peroxy decanoic acid in the methylene chloride omadiThe extraction-titrimetric technique was praetl and the
possibility of quantitative determination of theefital-grade) gum turpentine in turpentine ointm&@% (RSD =
3.2%,6 = -1.15%) was demonstrated.

Keywords: terpenoids ¢-pinene, limonene, limonene oxide), turpentineroartt, peroxy decanoic acid, iodometric
method, quantitative determination.

INTRODUCTION

Essential oils (lat.Olea aetherepare the products of the natural, mainly vegetalddagin, — complex
multicomponential mixtures of volatile odorants.eyhbelong to different classes of organic compouadsong
which mono— and sesquiterpenoids dominate; aroraaticaliphatic compounds are also encounteredchid@mical
composition ofessential oils is rather variable even within onecsgs of plant, and depends upon the area of their
growth, climatic conditions, vegetative phase, eitraction technology, and other factors. Terpenadd their
derivates, being the oil constituents, are preselnyecompounds of diverse structure: saturatedpahdinsaturated,
acyclic and cyclic, and oxygen-containing (alcoh@klehydes, ketones, oxides, esters, lactonespges etc.).
Moreover, substances of the aliphatic series, ationsampounds (phenols, phenyipropan derivatedjides and
nitrogen-containing compounds may dominate in estlr of some plants [1]. The current widespread o$
essential oils both in the natural form and in ftven of preparations is based on their applicatiothe therapy
(including aromatherapy) of various diseases, $ipdygiof the composition and properties, relatimnautoxidation
demand strict regulation and evaluation of themliy performance, obligatory finding of the shidé and control
of the storage conditions. To identify oils ancheis a relative value of the certain componenent&n time, or
comparison of chromatographic profiles with theerehce chromatogram are used. Also, identity obftsecan be
determined by the thin-layer chromatography (TL&)d if needed — using chromatography-mass spectrpme
other instrumental methods (UV-, IR-, NMR- speataysy etc.) [2, 3]. The quality control techniquésilsinclude
description of the method of quantitative deterniora of one or several dominant (mainly represéveatand
specific (attributable to essential oil) componeand the prescribed standards of their contentettite conditions,
when the reference samples of individual componardgsavailable, the use of gas-liquid chromatogydph their
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guantitative determination in oil becomes posssieultaneously with their identity verification [8]. At the same
time, the important characteristic of the esserdil’ quality is the value of the characteristigagtity of the so
called numbers. The acidity numbers, ester numaedssaponification number are used to charactessential

oils. Thus, the primary sign of the essential dilileration with fatty acids are high values of #ster numbers [2].
At the same time, to our opinion, among the numbeise determined there can be an important phgsemical

parameter of the ester oil quality characteristitbe-so called lodine value (1V), describing thesataration degree
of the essential oil components, and making it ipbsaot only to confirm the oil quality evaluatiobased on
findings of the instrumental techniques (additibnalerify its identity using an indirect method)repent it's

adulteration or deterioration during storage, bisb&o perform quantitative determination of thesiba(one or

several) components of the product or an individealral odorant, extracted from oil. However, daiaation of

iodine values when characterizing essential oil:10$ customary. Substances of isoprene structanendf in

essential oils, display a very high activity in ¢gans of substitution by halogens, and are alsdazible (e.g.,

aldehyde groups) by halogens. Evidently, it resultsverconsumption of halogens, and, subsequeintigbtaining

overstated — untrue results of the analysis ase®il unsaturation degree.

We think that the method based on the epoxidagawction is the prospective method of determinirgdbgree of
unsaturation of the essential oil terpenoids.

The presented paper shows the possibility to useniithod of epoxidation with the aid of a relatystable higher
peroxy carboxylic acid — the peroxy decanoic atiddetermine the degree of unsaturation of somendss oils,
the most common in medicine. We believe that detaation of the iodine value of the essential dilsg that of
fatty acids, by the indirect method based on thexiglation reaction with subsequent conversion thi® iodine
value, is a rather valuable quantitative charastierof assessment of the quality of the oils undst, along with the
acidity number and the ester number. Besides, gakimo account that presently there are no methHods
guantitative determination of a series of esseniial the titrimetric technique proposed by us baraccepted as a
basis of the method of quantitative determinatidrnthe essential oils like terpenic oil and the nsetligrade
turpentine both individually, and as a componentiotments [2, 3]. The turpentine is used topicaflyintments
and liniments as an irritant analgesic and aseggent for treatment of neuralgias, myositis, arglrhatism. It is
used in the form of inhalations for purulent broitish bronchiectasis etc. Pinene is the main coraporof
turpentine (up to 65%). The essential oils and sinigduce a distracting, antiinflammatory, antibaeat [5] and
topical irritant effect. They are used for neuralgmyositis, lumbodynia and rheumatism [6]. We digved a
relatively simple technique of the quantitativeedatination of the turpentine content in 10% turpenbintment
(Unguentunilerebinthinae) composed of;

Turpentine Ointment

Turpentine 10.0
Emulsifier No.1 4.0
Na — carboxymethyl cellulose 0.5
Purified water 100.0

EXPERIMENTAL SECTION

Essential oil compoundsChemicals and Reagents

The items under test were medical-grade turpending terpenoids being its basic constituents: rdfigem
turpentine(or terpene oil, Oleum Terebinthinae rectificatumyellowish liquid, boilingr 153-180€; d = 860 g L,
acidity number < 0.7; obtained by stripping a vildgportion of pine pitchRinus silvestris L.)It is a mixture of the
terpenic carbonhydrates-pinene 60—65%A>-carene 10-12%, limonene 9-108&tenpinene 5-6%3-pinene 2—
3%, camphene 2-3%s;terpinene 1-2%). The terpenic immersioih manufactured byLubnyhimpharm, S/N
50791 (-)-a-pinene 99.2 % (according to the data of HPLC)joafly pure,d = 874 g L°, Sigma-Aldrich; §)-(-)-
Limonene 96% (according to the data of HPL@)= 844 g L, Sigma-Aldrich; (-)a-pinene oxide 97.5 %
(according to the data of HPLC), Sigma-Aldrich; -Gi)nonene oxide, mixture o€is and transisomers, 98.3%
according to the data of gas-liquid chromatography)

Peroxy decanoic acid (peroxy capric acid)CHCH,)sCOsH, 188 g mof, 98.6% (based on the data of iodometric
titration after recrystallization from hexane), aibed according to D. Swern’s procedure [7].

Acetate acid, chemically pure. The acetate acidertris not less than 98%.

Methylene chlorideanalytically pure, reagent grade, LAB-SCAN, Irelait was additionally purified according to
procedure [8], sealed in ampoules and stored In@eprotected from light at 8-10°
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Preparation of 29.5-30.5% acetic acid solution
The diluted acetate acid: 31.3 pts. wt. of theiaaatid and 68.7 pts. wt. of distilled water areed.

Preparation of 5% potassium iodide
5.0 g of potassium iodide are dissolved in the watst boiled and cooled, and the solution is diliep to 100 ml
with distilled water. The solution should be coéms.

Preparation of standard sodium thiosulfate solution ¢(Na,S,0s5H,0)=0.1 mol L', was prepared of the
standard-titre fixanal in distilled water in 1 Lagluated flask, and the solution volume was fillpda the mark at
20°C.

75 mL cone flasks with stopper plugs were usedatwycout the reactionfC — 80M air bath oven was used for
heating and maintaining the necessary temperatuteeoreaction mixture. IR spectra were taken usspgcord
M80 spectophotometer in a thin film.

The technique for study of the kinetics of terpenals and turpentine epoxidation using the peroxy decmic

acid

About 0.1 g of the tested substance (correct hatch)sisotied in a 75 mL cone flask with a stopper plu@%.00
(or 20.00) mL of the methylene chloride, about @ (recise weight) of the peroxy decanoic aciddideal, the flask
is sealed, thoroughly shaken out, and the time tasistarted (a stopwatch timer is switched on).

1.00 mL of the obtained solution is taken with pgtie and added to a cone flask after a certaia imerval, 4 mL
of the diluted acetic acid and 1 mL of 5 % potassiodide are added with strong shaking, and aftat the
released iodine is immediately titrated with thierence 0.1 mol t sodium thiosulphate solution.

RESULTS AND DISCUSSION

The results of studying the kinetics of individuatpenoids, the medical-grade turpentipoxidation with the
peroxy decanoid acid in the methylene chloride mnedat 295-298 K are shown on Fig. 1-7. They demmatesthat,
regardless of the nature of the terpenoid and peidthe kinetics of the reactions in the methylenieride medium
is governed by the second order kinetic equatidre quantitative interaction time and reaction $timmetry were
determined according to the kinetics data.

C(O,l B

PA
10,08
0,06
0,04 +

0,02

O——0

o 1 1 1 ]
0 5 My 15 20

Fig. 1: The kinetic curve ofa-pineneepoxidation with the peroxy decanoic acid in the ntaylene chloride medium at 297 K

It was determined that 1 mol of the peroxy aciddesumed per 1 mol efpinene. Based on stoichiometry 1 : 1 and
the quantitative interaction time of 45 min, thesibasubstance content, w, in %, was:

W= (Vo —V,)x01xKxM xV x100 _ (162- 005)x0.1000x13623% 20%100
2xmx100( 2x0.214:x100C

= 99.8%.
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V= (Vo —V,)x0.1xK x12693xV x100 _ (162-005)%0.1000%x126.93x 20x100

=186.0
mx100(C 0.214:x100(
(theor.)=186.35
18>
L 1l/c=3.6 xt+18.7
mo
65
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Fig. 2: The reverse concentration anamorphosis ofie kinetic curve ofa-pinene epoxidation with the peroxy decanoic acidkes= 3.6 L
mol* min? (297 K)
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Fig. 3: The kinetic curve of limonene epoxidation Wth the peroxy decanoic acid in the methylene chlade medium at 295 K
Totally, 2 mol of the peroxy decanoic acid is cansd per 1 mol of limonene. Based on stoichiometry1l—

formation of limonenespoxide (the volume is found by cutting the extrapolatiect®ons of the kinetic curves)
within 5 min, the basic substance content, w, %aésq:

W= (Vo—V,)x01xKxM xV x100 _ (180- 062)x0.1000x13624% 20x100
2xmx100(C 2x0.1604x100C

=100.2%.

v = (Yo~ Vi) x 01x K x12693xV x100_ (180~ 062) x 0.1000x12693x 20x100
mx100C 0.1604x100(

=186.7

or 373.5 (based on the data of stoichiometric rati®). IV (theor.)=372.7.
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Fig. 4: The reverse concentration anamorphosis ohe kinetic curve of limonene epoxidationk;=2.1 L mol* min™* (295 K)

Based on the study of the kinetics of epoxidatigrthe iodometric titration, it was found that 1 nudltheperoxy
decanoic acid was consumed per 1 mol of limonepa&idp (Quantitative interaction time 1.5 h at K95

The basic substance content, w, %, equaled:

=100.3%.

W= (Vo—V,)x01xKxM xV x100 _ (187- 0,76) x 0.1000%x152.24x 20x100
2xmx100( 2x0.168Ex100(C

v = (Yo~ V)01 K x12693xV x100 _ (L87 - 075) x 0.1000% 126.93x 20x100

=168.7
m x100( 0.168E x100(
IV (theor.)=166.7
1/cl5 1/c=0,052 xt+ 13
L = S —)
13 - o e
mol
11 +
9 »
7 »
5 1 1 1 J
0 5 10 15 20
t, min

Fig. 5: The reverse concentration anamorphosis ohe kinetic curve of limonene epoxidepoxidation up to limonene diepoxideKe~0.052
L mol™ min (295 K)

The quantitative interaction time — 30 min.

I = (Vo =V, x01xK x12693xV x100 _ (205- 0.74) x 0.1000x12693% 20x100
mx100( 0.1702(x100(

=197

Based on the study of the kinetics at 298 K invadvthe peroxy decanoic acid in the methylene atdoredium
for the terpenic oil, the quantitative interactiome was 25 min.

v = (Vo = Vi) X 01x K x12693xV x100 _ (107~ 067)x 0.1000x12693x 25x100
mx100( 0.092¢ x100(

=171
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Fig. 6: The kinetic curve of turpentineepoxidation with the peroxy decanoic acid in the ntylene chloride medium at 297 K
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Fig. 7: The reverse concentration anamorphosis ohe kinetic curve of turpentineepoxidation. K,=3.9 L mol* min™ (297 K)

The procedure of quantitative determination of themedical-grade turpentine content in turpentine ointnent
10%

Preparation of 0.05 g mt solution of the peroxy decanoic acid in the methgl chloride About 1.0 g (correct
weight) of the peroxy decanoic acid is dissolve@@0 mL of the methylene chloride and shaken thgindy.

Analysis procedure

About 3.0 g (correct hatch) of the ointment is digsd in 10.0 mL of distilled water, 1 g of sodiwulphate is
added and shaken, 10.0 mL of the methylene chlisiddded, and the mixture is moved to a separ#timgel. The
content is shaken during 5 min. After that the dmtiayer is separated to a cone flask with a stoplugy. 10 mL of
the methylene chloride is added to the water residad the terpenic oil is extracted as the fir&. d'he obtained
extracts are put together, 1-2 g of the anhydrodsusn sulphate is added, thoroughly mixed up, dmedeixtract is
guantitatively transferred to a 20 mL graduatedklasing the methylene chloride. The volume igdilup to 20.00
mL with the methylene chloride (in formula)V10,00 mL of 0.05 g mit of the methylene chloride solution of the
peroxy decanoic acid is added to 10.00 mL of th@iobd solution (in the formula,YmL), thoroughly mixed and
kept for 25 min. Using a pipette, 1.00 mL of théusion is taken and transferred to a cone flaskta@ining 2 mL of
5% potassium iodide and 5 mL of 30% acetic aciditami. Using a 10 mL microburette, the releasedrfial L™

iodine is titrated with the sodium thiosulphateusioin (V , mL).

The control experiment is carried out in parall@D.00 mL of the methylene chloride is added tdQGnL of the
peroxy decanoic acid solution and thoroughly mixeding a pipette, 1.00 mL of the solution is takeamd
transferred to a 50 mL cone flask, containing thetume of 2 mL of 5 % potassium iodide and 5 mL30®6 acetic
acid solution, added earlier. The released iodiémimediately titrated with 0.1 mol™Lsodium thiosulphate

solution ;, mL).
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Finding the titre of 0.1 mol 't of the sodium thiosulphate solution by the sulzstabeing determinedgum
turpentine) About 0.3 g (precise weight) of the gum turpentimiewhich the ointment is made, is dissolved in020
mL of the methylene chloride. 10.00 mL of 0.05 g huf the methylene chloride solution of the peroxecahoic
acid is added to 10.00 mL of the solution, thorduyghixed and kept for 25 min. Using a pipette, 1rAD of the
solution is taken and transferred to a cone flasktaining 2 mL of 5% potassium iodide and 5 mL38%6 acetic
acid solution. Using a 10 mL microburette, the askl 0.1 mol £ iodine is titrated with the sodium thiosulphate

solution V , mL).
The titre ) of 0.1 mol L of the sodium thiosulphate solutiom g per 1.00 mL, by the (medical-grade) gum

turpentine is calculated by the formula:
m

T=
V,-V)x2x20

where m — the weight of the (medical-grade) gurpduntine, g;

V0 — the sodium thiosulphate volume, consumed foattdn in the control experiment (in the absence of
turpentine), mL;

V — the sodium thiosulphate volume, consumed faattin in the working experiment, mL;
Optimum time — 20 - 25 min at 297 — 298 K.

The content of the (medical-grade) gum turpentmtaé ointment, %, is found by the formula:

W= (V, —V)xT x20%x20%xV, 100%.
V,xm

The metrological characteristics of the resultstloé quantitative determination of the (medical-gladjum
turpentine content in 10 % turpentine ointmentsirewn in the table.

Table: The results of the quantitative determination of the (medical-grade) gum turpentine content irl0% turpentine ointment (n=7,
P=0.95)

Turpentine content, d | X +AX S Sy | RSD,% | 6% | Recovery +s, %

9.712 9.60+0.28§ 0.30 0.115 3.2 -1.15 98.85+2.9
"Claimed in the Quality Certificate

Thus, the practiced technique of terpenoids detetiain by the reaction of epoxidation using theoggrdecanoic
acid in the methylene chloride medium at 295 — R93an be used for the quantitative determinatiohefbasic
substance content in individual terpenoids, deteation of the iodine number (unsaturation degréenmdical-
grade) gum turpentine, and analysis of the turpertintment 10%, prepared extempireonditions of pharmacy.

CONCLUSION

The iodometric titration method was used to study kinetics of some individual terpenoids epoximfatieactions
(a-pinene, limonene, limonene oxide), and the medijcatie turpentine epoxidation with the peroxy deaaacid
in the the methylene chloride medium at 297 — 298 e kinetics of the reaction was shown to be guea by the
second order kinetic equation. The second ordectfe constants of the reaction rate were detexthifor a-
pinene — 3.6 L mal min® (297 K), limonene (to monooxide) — 2.1 L mahin® (295 K), limonene oxide (to
dioxide) — 0.052 L ma! min™ (295 K), for turpentine — 3.9 L mblmin™ (297 K). The proposed techniques of the
guantitative determination of the basic substamcgent and determination of the iodine number ofisderpenoids
(a-pinene, limonene, limonene oxide) and the (meetjcatie) gum turpentine were based on the datamdfidgtion
with the peroxy decanoic acid in the methylene Gtitomedium. The extraction-titrimetric techniquasapracticed
and the possibility of quantitative determinatidrttee (medical-grade) gum turpentine in turpentirgment 10 %
(RSD =3.2 % ¢ = -1.15 %) was demonstrated.
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