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MICROWAVE ACTIVATION OF ADDITION
OF 1-HEXENE AND BUTANOIC ACID REACTION

Abstract. The possibility of carrying out the synthesis reaction hexylbutanoate (flavor in the food and perfume
industry) by butanoic acid joining 1-hexene in the presence of sulfuric acid under microwave irradiation is
demonstrated. Optimum process conditions (microwave irradiation power, duration, and the ratio of the initial
reactants catalyst) were determined. The product yield gradually increases with increasing irradiation power, with
further increase of microwave power resinification reaction mass and a reduction in yield are observed. The optimal
condition for the synthesis of a ratio of the starting reactants and catalyst [butanoic acid]: [1-hexene] [conc. H2SO4]
=1: 1: 1.7-107% the microwave irradiation power = 600 W, the process time 6 min. The yield of the product under
found conditions is 74.4%. The strongest impact on the course of the reaction has a power of microwave irradiation,
the weakest influence has aratio of the starting reagents. The yield was determined by gas chromatography-mass
spectrometry using a capillary column HP-FFAP 30 m and an inner diameter of 0.25 mm, consisting of
nitroterephtalic acid modified polyethylene glycol. Our proposed method of obtaining hexylbutanoate, compared
with the known methods can significantly reduce the duration of the process and consistent with the principles of
green chemistry.
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1 Introduction

Carboxylic acid esters are widely used as practical medicines component, food essences and
components of various perfumes [1,2]. Hexylbutanoate ester has a characteristic fruity odor similar to the
smell of pineapple [3]. In nature, it can be found in the composition of fruits and berries, as part of the
essential oils of lavender and lavandula [4]. It is used as a flavoring of food products (bakery products, ice
cream, candy, soft drinks) and in the perfume industry [5].

Chemical synthesis under microwave irradiation (microwave radiation) is currently the fastest
growing method of organic synthesis [6-10]. Application of microwave irradiation in the chemical
synthesis depends on its ability to accelerate many chemical reactions to tens and hundreds of times and
theability of rapid volumetric heating of the liquid and solid samples. This feature microwave irradiation
consistent with the principles of "green chemistry” — the scientific direction in chemistry, which can be
attributed any improvement of chemical processes, which has a positive effect on the environment [8].
Opportunities offered by using microwave radiation in chemistry, have aroused great interest in the study
and uses of microwave exposure effects.

Known methods for the synthesis of carboxylic acid esters direct esterification reaction under
microwave irradiation [6, 9-11]. In the present study, we investigated the addition reaction of 1-hexene to
butyric acid in the presence of aconcentrated sulfuric acid catalyst under microwave irradiation.
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Scheme 1. Synthesis of hexylbutanoate

2 Experimental

A series of experiments were conducted to obtain hexylbutanoate to determine the optimum
conditions, i.¢. irradiation power impact on the yield, process time, ratio of reactants and catalyst.

Reactive butanoic acid, 1-hexene and concentrated sulfuric acid were used without purification. The
test was performed in the microwave.

The yield was determined by chromatography on a gas chromatography-mass spectrometer Agilent
7890A /5975C (USA).

Chromatographic conditions: mobile phase (carrier gas) - helium; evaporator temperature 210°C,
flow discharge (Split) 1000:1; column oven temperature onset 50°C (1 min), the temperature rise of 5°C
per minute, the end of 200°C, held at this temperature for 1 minute, the total analysis time 32 min;
ionization mode of the mass by electron impact detector. Capillary chromatography column HP-FFAP,
column length 30 m, internal diameter 0.25 mm, stationary phase - nitroterephthalic acid modified by
polyethylene glycol. Hexylbutanoate retention time 8.8 minutes (Figure 1)
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Figure 1 - The chromatogram of 1-hexene and butanoic acid addition reaction product

The reaction product — hexylbutanoate is identified by mass-selective detection, themass spectrum of
the product is shown in Figure 2. Mass-fragments of hexylbutanoate are present in the mass spectrum,
mass spectrum data is consistent with the data of NISTO08 base.
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Figure 2 - The mass spectrum of hexylbutanoate obtained by the addition reaction of hexene and 1-butanoic acid

3 Results and discussion

Previously, it has been found that microwave radiation can be successfully used for the synthesis of
esters of carboxylic acids with alcohols esterification reaction [6, 9-11].

The possibility of using microwave irradiation in the synthesis hexylbutanoate in the presence of
sulfuric acid was presented. Table 1 shows the results of experiments for finding the optimal conditions of
the addition reaction of 1-hexene to butyric acid.

Table 1 - Connection of 1-hexene and butanoic acid in the presence of sulfuric acid under microwave irradiation

No The ratio of the reactants, mol Reaction conditions The yield,%

Butanoic acid 1-Hexene 3 L Power of microwave Time, min (W)

ulfuric acid A -
irradiation

1 1 1 1,7-107 100 3 42
2 1 1 1,7-102 180 3 9.3
3 1 1 1,7-107 300 3 18,6
4 1 1 1,7-107 450 3 24,1
5 1 1 1,7-107 600 3 324
6 1 1 1,7-107 900 3 14,4
7 1 1 1,7-102 600 4 41,9
8 1 1 1,7-107 600 5 58,7
9 1 1 1,7-107 600 6 74,4
10 1 1 1,7-107 600 7 67,8
11 1 1 1,7-107 600 8 55,7
12 1 0.8 1,7-102 600 6 54,5
13 1 0.9 1,7-107 600 6 58.8
14 1 1,1 1,7-107 600 6 70,6
15 1 1 8,5-107 600 6 24,7
16 1 1 25107 600 6 36,1

The optimum capacity of the microwave radiation is 600 W (Table 1, item 5). With increasing the
irradiation power the yield gradually increases. With further increase in the power of microwave
irradiation to 900 W yield decreases, resinification reaction mass is observed (Figure 3).
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Figure 3 — Effect of irradiation on the microwave power
on output hexylbutanoate ([butanoic acid]: [1-hexene] [sulfuric acid] = 1:1:1,7-10%, 7= 3 min)

Further experiments were carried out with a power of 600 W. The optimal duration of reaction is 6
min (Table 1, item 9).

Effect of duration on the course of theprocess has an extreme nature, with increasing duration from 3
to 9 minutes, the yield gradually increased with a peak at 6 min, further increasing of duration leads to
resinification of reaction mass and adecrease in yield of the target product (Figure 4).

The yield, %

Figure 4 — Effect of duration of microwave radiation
on the output hexylbutanoate ([butanoic acid]: [1-hexene] [sulfuric acid] = 1:1:1,7-10°, the irradiation power = 600 W)

We also investigated the effect of the initial reagents ratio, while varying the ratio of butanoic acid
and l-hexene from 1:0,8 to 1:1,1, respectively, hexylbutanoate output gradually increases with a

maximum yield at 1:1, ratio, further increase the ratio to 1-hexene butanoic acid reduces yield of product
(Figure 5).
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Figure 5 — Effect of the ratio of the initial reagents on the yield hexylbutanoate

(sulfuric acid = =1,7- 10'2, T = 6 min, irradiation power = 600W)

To determine the effect of the catalyst on the yield contact product runs were conducted at different
molar ratios of sulfuric acid, lowering the molar ratio of sulfuric acid twice reduces theyield of product
threefold, increasing catalyst ratio leads to resinification reaction mass and correspondingly reduces the
yield of the product (Figure 6).
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Figure 6 — Effect of molar ratio of the catalyst to yield
hexylbutanoate ([butanoic acid]: [1-hexene] = 1: 1, T= 6 min, irradiation power = 600 W)

The optimal value of the molar ratio of the starting reactants and the catalyst is [butanoic acid]: [1-
hexene]:[conc. H,SO4] = 1:1:1,7-10 (MW radiation power = 600W, T= 6 min).

As it can be seen from obtained data to determine the optimal process conditions, the most powerful
mnfluence on the course of the reaction has a power of microwave irradiation (Table 1, items 1-6, Figure
3), weakest influence has the ratio of the initial reagents (Table 1, items 12-14, Figure 5).
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4 Conclusions

The possibility of using microwave irradiation in the synthesis hexylbutanoate addition reaction of 1-
hexene and butyric acid in the presence of sulfuric acid. The optimum parameters of the process were
determined. The optimal parameters are theratio of the starting reactants and catalyst [butanoic acid]:[1-
hexene]:[conc. H,SO4] = 1:1:1,7-107, the microwave irradiation power = 600 W, duration 6 minutes.
With found conditions, the yield reached 74.4%. Our proposed method of obtaining hexylbutanoate,
compared with the known methods can significantly reduce the duration of the process.
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IT'EKCEH-1 MEH BYTAH KBIIIKBIJIBIHBIH KOCBLTY PEAKIIUACBIH
MHUKPOTOJKBIHABIK BEJICEHAIPY

AnnoTanust. MUKPOTOJKBIHIBIK COYJICICHIIPY KaFTaHbIHAA KYKIPT KBIIKBIIBI KATHICBIHAA TeKCEH-1-11 OyTaH
KBIIKBUTBIHA KOCBITY PEAKIUACHI apKBUIBI TCKCHIOYTAHOAT (TaraM JKOHC map(rOMEpii ©HCPKOCINTE MalTaIaHbI-
JATBIH apOMATH3aTOP) CHHTE3IH >KYPridy MYMKIHZIrL KEeNTipinreH. YPHICTI >KYPri3yAiH OHTAWIbBI Karmaniiapbl
AHBIKTATFAaH (MUKPOTOIKBIHABIK COYJICICHIAIPY KyaThl, Y3aKTBIFBL, OAacTamkpl PEarcHTTEp MEH KaTaau3aTop
KATBIHACKI). MHUKPOTOJIKBIHABIK COVJICICHAIPY KyaTblH KOOCHTKCH CAaWbIH ©HIM MIBIFBIMBI KOFAPBUIAM TYCEl,
COYIICIICHIIPY KYATBIHOJAH Opi KOOCHTKCHAC PCAKUHAIBIK MACCAHBIH IMANBIPIAHYBI OKYPINl, ©HIM IIBFBIMBI
teMeHaeHal. CHHTE3 Il KYPTi3YAiH €H OHTAMIIBI KaFJaibl OaCTAaNKbl PSareHTTEP MCH KAaTAaIM3aTOP KATHIHACKH [OyTaH
KbIIKbUTBI]: [rexcen-1]; [korm. H,SO4] = 1:1:1,7%107, MHKPOTOIKBIHIBIK COVICICHIIPY KyaTrel = 600 Bt xxoHe
YPOIC Y3aKTBEFBI 6 MHH OO0JbIM TaObDIagsl. TaOBUFAH KAFJAMIAFH OHIMHIH TIBIFBIMBI 74,4%-TB1 Kypanmbl.
PeakiustHBIH >KYpYiHE MUKPOTOJKBIHABIK COYJICICHIIPY KyaThl €H YJIKCH, a1 OaCTalKbl pearcHTTEPIIH KaTHIHACKHI €H
TOMEH 3cep ereal. OHIMHIH IIBFBIMBI Y3BIHABFB 30 M jkoHE imki gumamerpi 0,25 MM, MONH3THUICHIIIHKOIBMEH
MOAu(HUKAIMSIaHFAaH HHUTpOTepedTand KbIOKbUIBHAH TyparbiH HP-FFAPkanmmumipiabl KOJTOHKACBIH MaWmanaHy
APKBLIBI TA3IbI XPOMATO-MACC CIICKTPOMETPHS OAICIMCH AHBIKTAITBL Bi3miH YCHIHBIN OTHIPFAH TCKCHIOYTAHOATTHI
any azici Oenriyi 9mICTEPMEH CaNBICTBIPFAHA YPIIC Y3aKTHIFBIH aHTaPIBIKTaH KBICKAPTYFa MYMKIHIIK Oepel sKoHe
JKaChLT XMMHUS MIPHHIMIITEPIHE COMKEC KeleIl.
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KYpaeni 3pupriep, COyACICHIIPY KyaThl, XPOMATO-MACC CTIICKTPOMCTPHS







