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Reaction between guaiacol and glyoxalic acid under microwave irradiation

In this paper, we considered the opportunity to use microwave irradiation as an alternative to the convection
heating method during the guaiacol condensation reaction with glyoxalic acid in an aqueous solution in the
presence of sodium hydroxide in order to preparatively obtain the 4-hydroxy-3-methoxymindic acid, an inter-
mediate of the vanillin synthesis. The experiments under the influence of the microwave irradiation were carried
out using the «Speedwave four» microwave system that allowed varying the irradiation power in the range
from 0 to 1450 W. The condensation reaction was carried out at the irradiation power of 290, 580, 870, and
1160 W. The effects of time, temperature and microwave radiation power on the desired product yield of the
condensation reaction was established by varying the reaction conditions during the experiments. Using this
method, the experimental conditions of highest product yield were determined when temperature of the reaction
mixture, the irradiation power and synthesis time were 70 °C, 870 W, and 30 minutes respectively. A compar-
ison of the results of the synthesis of 4-hydroxy-3-methoxymindic acid under the microwave activation and for
the conventional procedure was performed. The use of the microwave irradiation was found to significantly
reduce (up to 20 times) the synthesis time, however, the maximum product yield achieved by this method turned
out to be lower compared to the one obtained by conventional procedure. The 4-hydroxy-3-methoxymindic
acid synthesized samples structure was confirmed using IR, 1H and 13C NMR spectroscopy.
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1 Introduction

4-Hydroxy-3-methoxymindic acid (2) (vanillylmandelic acid, VMA) is an important intermediate in the
vanillin synthesis (3) using the guaiacol method [1-4] (Fig. 1). This method is more ecofriendly than the one
used to produce vanillin from the lignin-containing raw materials and allows obtaining the desired product (2)
of high quality with lower cost as compared with the natural vanillin and the one obtained from the natural raw
materials.
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Figure 1. Vanillin synthesis using guaiacol method

It is noteworthy that the key disadvantage of the abovementioned method of vanillin preparation is the
significant duration of the guaiacolate condensation with glyoxylate that can exceed a day [2].

The condensation time can be reduced by increasing the temperature, however, the prolonged heating of
the reaction mixture in the case of guaiacol and glyoxalic acid decreases the yield of the desired product due
to the acceleration of the side reactions [5] as well as due to the instability of glyoxalic acid upon heating [2].
The use of the special catalysts [6-8] can also reduce the duration of the condensation stage, but this approach
significantly increases the costs of vanillin production (3).

One of the methods to increase the rate of many organic reactions is to use the microwave radiation. The
advantages of this approach include the uniformity and the absence of delayed heating of the reaction mixture,
the opportunity for rapid temperature control and the instant energy supply cut as well as a number of other
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parameters [9]. Although the mechanism of the effect of microwave irradiation on the behavior of the chemical
processes is still poorly understood, many studies have been published confirming the advantages of using of
microwave activation to prepare various organic compounds [10-13].

At the moment, the use of the microwave activation in the vanillin (3) synthesis is described only for its
production by curcumin oxidation [14], and the use of such an approach to the guaiacol (1) condensation with
glyoxalic acid has not been found in the available literature.

2 Experimental

2.1 Materials and methods

Commercially available guaiacol (99 %, Aldrich Organics) and an aqueous solution of glyoxalic acid
(50 %, Aldrich) were used as reagents. A solution of sodium hydroxide (30 %) was obtained by dissolving a
portion of sodium hydroxide (chemically pure, Vecton).

The experiments using microwave irradiation were carried out using the «Speedwave four» microwave
sample preparation system (Berghof Products + Instruments GmbH) with a maximum power of 1450 W and
a magnetron frequency of 2450 MHz that allowed varying the temperature in the range of 50-230°C.

To control the progress of the reactions, a reverse phase HPLC method was used on a Shimadzu LC-20
Prominence liquid chromatograph equipped with a PDA-20A UV detector.

2.2 Synthesis using microwave irradiation

A portion of 0.94 g (0.0075 mol) of guaiacol was mixed with 11.5 ml of water and 1.1 g of a 30 % sodium
hydroxide solution with vigorous stirring. 0.7 g (0.0047 mol) of a 50 % glyoxalic acid solution and 5.0 ml of
water were mixed separately. The resulting solutions were combined, placed in a fluoroplastic autoclave of the
microwave system and kept for 10, 20 and 30 minutes at different temperatures and irradiation powers.

2.3 Synthesis by the conventional procedure

9.3 g of guaiacol and 115.0 ml of water were placed in a round bottom flask. 10.6 g of a 30 % sodium
hydroxide solution were added to the reaction mixture with a vigorous stirring. Then a mixture of 7.4 g of a
50 % solution of glyoxalic acid and 50.0 g of water was added to the resulting sodium guaiacolate solution.
The reaction mixture was kept at a temperature of 30 °C from 5 to 25 hours.

2.4 Synthesis by the conventional procedure

To isolate the desired product (2), the reaction mixture was acidified up to a pH level of 4-5 by the
addition of hydrochloric acid and the excess of guaiacol was separated by extraction with benzene. The aque-
ous phase was acidified up to pH = 1 and the desired product was extracted with the ethyl acetate. The extract
was evaporated to dryness and the bottom residue was recrystallized from a minimum amount of ethyl acetate.
The product (2) was obtained with the MP = 131-133 °C (132-133 °C in Ref. [3]). The IR spectrum: v, cm™;
3336 (OH), 2971 (CHs), 2932 (CHs), 1744 (C=0), 1713 (C=0). *H NMR spectrum: 3, ppm (DMSO-dg): S.W.
12.47,s.8.96, d. 6.96, d. 6.78, d. 6.72, s.w. 5.68, s. 4.89, s. 3.75.

3 Results and discussion

In the present work we studied the opportunity to synthesize vanillylmandelic acid (2) by the guaiacol (1)
condensation with glyoxalic acid under the effect of the microwave irradiation as compared with the traditional
synthesis method. With that, we conducted a series of experiments to determine the optimal synthesis condi-
tions. The reaction mixture was subjected to the microwave irradiation with a power of 290, 580, 870, and
1160 W.

While conducting the experiments with varying the irradiation power without the additional heating (Ta-
ble 1), no increase in the reaction rate is observed compared to the conventional synthesis procedure. The
maximum yield achieved in 1 hour of the experiment for the product (2) (34 %) is comparable with the one
obtained without the irradiation for the same synthesis time.

An increase in the heating of the reaction mixture contributed to an increase in the VMA yield. The best
results were obtained when carrying out the reaction at a temperature of 70 °C (Table 1). The maximum VMA
yield was achieved by irradiating the reaction mixture at a power of 870 W for 30 minutes. Further exposure
of the reaction mixture is not feasible, since the yield of the desired product is gradually reduced that is prob-
ably due to the progressing side processes.
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Table 1
VMA vyield (2) dependence on the experimental conditions
S Time, min
,\fg' Irradiation rate, W Temperature, °C 10 | 20 | 30 | 60
' VMA yield, %

1 290 No heating 8 10 13 -
2 580 No heating 9 11 15 -
3 870 No heating 12 17 30 33
4 1160 No heating 11 14 19 34
5 290 70 62 63 66 -
6 580 70 65 66 68 -
7 870 70 65 68 71 67
8 1160 70 66 67 66 65

Under the conditions of the conventional synthesis procedure, the VMA (2) yield of about 70 % can be
achieved only after 10 hours (Fig. 2), that is, the synthesis time under the microwave activation is reduced by
20 times. However, the maximum yield of the desired product (2) is higher as compared with the irradiation-
less process. This is due to the acceleration of the side process of the formation of 4-hydroxy-5-methoxy-1,3-
benzene-diglyoxalic acid during the reaction at elevated temperatures. The results of the HPLC analysis of the
reaction mixtures show that during the synthesis under the microwave irradiation, the content of this impurity
in the reaction mixture is 2.5 times higher than in the synthesis without irradiation.
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Figure 2. Dependence of VMA yield on the reaction time

Conclusions

Thus, for the first time, the synthesis of vanillylmandelic acid using the microwave irradiation was carried
out and allowed us to reduce the synthesis duration by 20 times in comparison with the traditional methods.
The best results were achieved when carrying out the reaction at 70 °C and the irradiation power of 870 W.
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MHuKpPOTOJIKBIHIBI CIYJIeJEeHY Ke3IH/eri rBasikoJl
MEH [NIMOKCAJ KbIIIKbLIBIHBIH PeaKIHACHI

Maxkarnasia BAHUIIMH CHHTE31HIH jKapThUIail ©HiMi OOJIBIN TaOBIIATHIH 4 THIPOKCH-3-METOKCUMUHIANE KBIIIKbI-
JIBIH TIPENapaTHBTIK SMICIEeH aly MaKCaThIHIa KOHBEKIMSUIBIK KBI3ABIPY S/iciHe Oanama peTiHie MHUKpPOTOJI-
KBIHJIbI COYJICTICHY OJICiH Malaany apKbLIbl HATPUI THAPOKCHU/II KATHICHIHIA CYJIbI €PITIH/IIIET1 TBASKOI MCH
TJIMOKCAJT KBIIIKBUIBIHBIH KOHACHCAIMS PeakMsIChl KapacThIpbuiFaH. Taxipubenep cayseneHy KyaTbH 0-1eH
1450 Br-xa neiiinri uHTepBana TaXipuOe xyprizyre 6onateiH «Speedwavefour» MUKPOTOJKBIHIBI XKyieci
keMerimMeH xyprisiired. Konnencauus peakuusicer 290, 580, 870 sxone 1160 BT coyneneHny Kyatsl kar/ia-
WA Kypai. Peaknms xarmaitapelH e3repTe OTBIPHII, TIXKIpHOEIEp i KYpridy OapbICHIHIAa KOHICHCAIHS
PEeaKUMSCHIHBIH HETi3T1 OHIMIHIH TY3iyiHe YaKbIT, TEMIIEpaTypa 5KOHE MHKPOTOJKBIHABI KyaTThIH dCepi aHBIK-
TaJFaH. OHIMHIH eH KOFapbl IIBIFBIMBIH ATyFa MYMKIHJIK O€peTiH 3KCIepPUMEHT IMIapTTaphl aHBIKTAIFAaH: pe-
akmust KocrachlHBIH Temreparypacsl 70 °C sxoHe coynenenaipy KyaTtsl 870 Br. Cuntesney yaksitsl 30 MuH
KYpazabl. MUKPOTOJKBIH/BI aKTUBTEHIIPY JKOHE JSCTYPJI SAICTI KOJAAHBIN PEeaKUUsHbI XKYPridy jKaFaaibIH-
Jarbl 4-TUIPOKCH-3-METOKCUMETHH KBIIIKBUIBI CHHTE31HIH HOTHXKEJIEPiHe CaNbICThIPY *kacajaFraH. MHUKpOTOII-
KBIH/IBI COyJIENICHY i KOJIIaHy CHHTE3/Iey yaKbIThIH €/10yip KbIcKapTaasl (20 ece), anaitna OyJ1 o/1ic HOTHXKeCIHAEe
AJIBIHFaH OHIMHIH IIBIFBIMBI JOCTYPJIi 9MIICKE KaparaHa TOMEH OOJBIM IBIKTEI. CHHTE3ICIIN ablHFaH 4-TH-
POKCH-3-METOKCUMHHAAND KBIIKBUIBIHBIH TYBIHABUIAPBIHBIH KypbUIbIcEl K-, H sxome 3C SMP-
CIIEKTPOCKOMHS 9JiCTePiHIH HOTIDKENEPIiH Tanay apKbUII TSN ICHTeH.

Kinm co30ep: BAaHUIMUHIAb KBIIIKBUTBL, TBASKOJ, TIIMOKCAJ KBIIIKBIIBL, KOHICHCAIUS], MUKPOTOJIKBIHIEI CAY-
JIeTIeHy.
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Peakuug reasikoJ/ia v r’iioKCcaJIeBOH KHCJIOTHI
B YCJI0OBHUSIX MUKPOBOJIHOBOT0 00/ 1y4eHUsI

B cratbe paccMoTpeHa BO3MOXKHOCTH IPHMEHEHHS! MUKPOBOJHOBOTO OOJyYEHHsI B KaUeCTBE aIbTEPHATHUBEI
KOHBEKLIMOHHOMY cIoco0y HarpeBa MpH MPOBEJEHHN PEeaKLUH KOHJSHCAI[MH I'BasKoa U TIIHOKCAIeBON KHC-
JIOTHI B BOJHOM PAacTBOPE B MPUCYTCTBUU I'MAPOKCHIA HATPHSA C LEJIBIO MPETIapaTUBHOTO MOIy4eHUs 4 TH-
POKCH-3-METOKCUMHH/IAJIBHONW KHCIIOTHI, SBJISIONIEIiCS MOTyNPOAYKTOM CHHTE3a BaHHJIMHA. DKCIIEPUMEHTHI
MOJ BO37IEHCTBHEM MHKPOBOJHOBOTO OOTyuUeHUs! ObLIM NMPOBEAEHBI C HCTIONB30BAHUEM MUKPOBOJIHOBOH CH-
cteMsl «Speedwavefoun), TO3BOJISIOIIEH BapEUPOBATh MOIIHOCTE 00y4eHHs B HHTepBaie oT 0 1o 1450 Br.
Peaxkiuro KoHIeHCAIUY POBOIMITA TIPU MOIITHOCTH 00myueHust 290, 580, 870 n 1160 Bt. B x0/1e mpoBeieHHBIX
9KCIIEPUMEHTOB IIyTEeM BapbUpPOBaHMS YCJIOBUH pEaKLUil yCTAHOBICHO BIMSHHE BPEMEHU, TEMIEpaTyphl U
MOIITHOCTH MHKPOBOJIHOBOTO OOJIyYeHHS HA BEIXOJ IIEIEBOT0 NMPOIYKTa peakiuu KoHaeHcanun. OmnpeeeHs
YCIIOBHS TIPOBEJCHUS SKCIIEPUMEHTA, ITO3BOJITIONIHE ITOTYIUTh HAMOOIBIINI BEIXO POAYKTa JAHHBIM METO-
JIOM, @ UMEHHO: TemIepaTtypa peakuuoHHoii cmecu 70 °C u momHocTs o0mydenus 870 Bt. [lpu stom Bpems
cuHTe3a coctaBmiio 30 MuH. [IpoBesieHO cpaBHEHHE Pe3yJIbTATOB CHHTE3a 4 THAPOKCH-3-METOKCUMHUHIAIEHON
KHCIIOTHI B YCIOBHSX MUKPOBOJTHOBOW aKTUBAILMM U TPAAUIIMOHHBIM METOIOM. Y CTAaHOBJIEHO, YTO HCIIOJIB30-
BaHHE MUKPOBOJIHOBOTO OOIydeHHs MMO3BOJISIET 3HAUUTENBHO (10 20 pa3) COKpaTUTh BpeMs CHHTE3a, OJHAKO
MaKCUMaJIbHBII JOCTUTHYTHII JaHHBIM METOJIOM BBIXOJ IIPOYKTa OKa3ajics HUXKE [0 CPAaBHEHUIO C TPaJULU-
OHHBIM MeToZioM. CTpOeHHE CHHTE3UPOBAaHHBIX 00pa3IoB 4-THIPOKCH-3-METOKCUMUHIAIBHON KHCIIOTHI IO/~
TBEPK/IEHO pe3yNbTaTaMu aHamm3a Metonamu UK-, 'H u 13C IMP-cniekTpockonu.

Kntouegvie cnosa: BAaHUIMIMUHIANBHAS KUCIIOTA, TBAsSKOJ, IIMOKCAIEBas KUCIOTa, KOHCHCALUs, MUKPOBOJI-
HOBOE 00ydeHwme.
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