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Abstract

The neolignan-type substance 2,4-dimethyl-3,5-bis(4’-methoxyphenyl) tetrahydrofuran is presented as a new forensic marker

compound for the peracid oxidation of anethole. It is hypothesized that the formation of a stable intermediary carbocation in

the hydrolysis reaction of anethole epoxide is not only responsible for the presence of 1,2-diols (and its esters) and

4-methoxyphenyl-2-propanone (PMP2P) but can also be the cause for the creation of this neolignan impurity due to interaction

with anethole itself. Moreover, the applicability of this new forensic marker is demonstrated by its retrieval in clandestinely

manufactured 4-methoxyamphetamine (PMA) preparations.

# 2004 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

The prospecting for synthesis impurities in illicitly

produced drugs is one of the mainstays of forensic chemistry.

It is an established fact that so-called impurity profiles can

aid in the elucidation of the followed synthetic route and can

be adopted in gaining information regarding underground

distribution networks [1,2]. Hitherto, the majority of pub-

lished scientific articles dealing with the topic discuss

illicitly produced amphetamine, methamphetamine, 3,4-

methylenedioxyamphetamine (MDA) and 3,4-methylene-

dioxymethamphetamine (MDMA), in which the emphasis

usually is on the Birch reduction [3], LiAlH4 reduction of

nitrostyrene derivatives [4], the Leuckart reaction and/or

other reductive amination procedures [5]. A recent surge in

the incidence of 4-methoxyamphetamine (PMA) on the

underground drug market necessitated the study of the

impurities concomitantly formed during the surreptitious

synthesis of this drug as well. Blachut et al. [6,7], Kirkbride

et al. [8] and Coumbaros et al. [9] have recently contributed

to the structural elucidation of Leuckart-specific PMA con-

taminants. Our research group has demonstrated that anet-

hole, a major compound in (star) anise oil, can be used as

precursor for 4-methoxyphenyl-2-propanone (PMP2P),

which will yield PMA via the Leuckart reaction [10].

Furthermore, it was also specified how 4-methoxyphenol

was formed as specific impurity during the peracid oxidation

of anethole.

The current report describes the occurrence of an unex-

pected neolignan-type impurity, viz. 2,4-dimethyl-3,

5-bis(4’-methoxyphenyl) tetrahydrofuran (1). This impur-

ity is formed during the peroxidation reaction step of

anethole and has been communicated in the past regarding

contaminants found in the industrial peroxidation reac-

tion of anethole [11]. This intriguing impurity displays

structural similarities with neolignans occurring in

nature, e.g. magnosalicin (and its diastereomers) (2)

[12]. However, (1) has hitherto been unnoticed as potential

forensic marker. We have examined its presence by

conducting a series of experiments involving different

reaction conditions, and have compared our laboratory
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results with impurity profiles obtained from seized PMA

preparations.

2. Methods and techniques

2.1. Chemicals and reagents

All solvents used in this work were of analytical grade and

purchased from Acros Organics (Geel, Belgium). Anise oil

(China, derived from Illicium verum) was obtained from

Taiga International NV (Breendonk-Puurs, Belgium). All

other reagents had been acquired from Merck (Darmstadt,

Germany).

2.2. Instrumentation

Sample analysis was effected with gas chromatography–

mass spectrometry (GC/MS), viz. an Agilent 6890 Plus gas

chromatograph equipped with an Agilent 5973N mass

selective detector (MSD) and electronic pressure pro-

gramming. Helium was used as a carrier gas at a constant

linear flow rate of 1.0 mL/min; the column was a

30 m � 0:250 mm � 0:25 mm VF-5 MS factorFour capillary.

The mass spectrometer operated from 36 to 400 amu in

electron impact (EI) mode with an ionization energy of

70 eV. A solvent delay of 4.00 min was applied. Two

different oven temperature programs and injection modes

were used. Reaction mixtures: 1 mL injection (split 1:50),

oven programming: 50 8C (held for 1 min), 35 8C/min to

100 8C, 10 8C/min to 270 8C (held for 5 min). Seized sample

screening: 1 mL injection (split 1:10), 50 8C (held for 1 min),

5 8C/min to 270 8C.

2.3. Synthesis procedures

2.3.1. Preparation of performic and peracetic acid

Performic acid was prepared by adding 6.8 g freezer-cold

30% hydrogen peroxide to 24.0 g formic acid (98–100%).

This mixture is stirred for ca. 1 h before using it in further

syntheses. Due to the instability of performic acid, the

solution has to be prepared fresh for every experiment. A

stock solution of peracetic acid was prepared by combining

288.0 g of 30% hydrogen peroxide and 4.0 g concentrated

sulfuric acid with 100.0 g glacial acetic acid. The reaction

mixture was stored for 5 days in a dark and well-ventilated

place, after which it was ready for use [13].

2.3.2. Peracid oxidation of anethole

2.3.2.1. Peracid oxidation of anethole dissolved in acetone.

A 250 mL round-bottomed flask was equipped with a mag-

netic stirbar and a thermometer, and charged with a solution

of 6.0 g anise oil in 30 mL acetone. Performic acid solution

was added at such a rate that the reaction mixture tempera-

ture did not exceed 38 8C. After addition of the whole

performic acid solution, the reaction was allowed to continue

for ca 12 h. The reaction mixture was poured in its equal

volume of cold distilled water (dH2O) and extracted with

2 � 50 of mL dichloromethane (DCM). The yellow organic

phase was isolated and washed with 75 mL of dH2O, after

which the organic phase was dried over Na2SO4. After

evaporation of the solvent under reduced pressure, an aro-

matically scented yellow oil weighing 8.1 g remained.

Peracetic acid: substituting performic acid for 25.5 g

peracetic acid solution yielded 5.8 g of a yellow oil after

a similar work-up.

For both reaction mixtures, 100 mL of the oil was dis-

solved in 5 mL of methanol for further GC/MS analysis.

2.3.2.2. Peracid oxidation of anethole dissolved in dichlor-

omethane. A 250 mL round-bottomed flask was equipped

with a magnetic stirbar and a thermometer, and charged with

a solution of 6.0 g anise oil in 25 mL of DCM. Performic

acid solution was added to the vigorously stirred reaction

mixture at such a rate that the reaction mixture temperature

did not exceed 38 8C. The reaction was allowed to continue

another 12 h after addition of the final performic acid

solution. Subsequently, the reaction mixture was carried

over to a separation funnel and the organic layer isolated.

The aqueous phase was extracted with 50 mL of DCM and

thereupon discarded. The combined organic phases were

washed with 3 � 50 mL of dH2O, after which it was dried

over Na2SO4. This yielded 5.8 g of a bordeaux red viscous

oil

Peracetic acid: substituting performic acid for 25.5 g

peracetic acid yielded 4.9 g of a yellow oil after a similar

work-up.

For both reaction mixtures, 100 mL of the oil was dis-

solved in 5 mL of methanol for further GC/MS analysis.

2.4. Extraction method

An aliquot of a seized sample (100 mg for powder and

capsule content, 75 mg for pulverized tablet) was dissolved

in 5 mL of 0.1 M hydrochloric acid. The solution was

extracted with 5 mL of DCM by mixing it thoroughly with

a rotamix device for 20 min. The organic phase was isolated

and dried over Na2SO4, which was rinsed with 1 mL of

DCM. The solvent was evaporated under a beam of nitrogen

gas and the residue reconstituted in 75 mL of MeOH for GC/

MS analysis.

3. Results and discussion

3.1. 2,4-dimethyl-3,5-bis(4’-methoxyphenyl)

tetrahydrofuran in the performic and peracetic acid

oxidation reaction of anethole

The presence of (1) in four reaction mixtures has been

evaluated: performic and peracetic acid have been chosen as
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peracids, while acetone and DCM have been utilized as

solvent. These are the most trivial choices when it comes

down to simulating the peracid oxidation of a propenylben-

zene in clandestine laboratories. Experiments conducted in

the past revealed that anise oil had been used as PMA

precursor, i.e. applied without prior purification of anethole

by means of fractional distillation under reduced pressure.

Hence, our choice for anise oil and not anethole. Moreover, it

is known that anise oil has a very high anethole content [14].

As a rule, anise oil consists for 80–90% of anethole (cis and

trans isomers, (3a) and (3b), respectively; predominantly

present as trans) and there usually is a small percentage of

methyl chavicol ((3c), the allyl isomer of anethole) as well

(Fig. 1).

As can be seen in chromatograms [a] through [d] in Fig. 2,

(1) is present in all four reaction mixtures after the described

work-up. It was found that three chromatographic peaks

have been retrieved for this neolignan, representing three out

of four theoretically possible diastereomers for (1). Chro-

matogram [e] in Fig. 2 is the extracted ion chromatogram for

m/z 268 from chromatogram [a] and indicates the presence

of three diastereomers. Its mass spectrum is shown in the

same figure together with the four possible configurations.

Previous works discuss the NMR spectra of these com-

pounds [11,15]. It is interesting to note, however, that this

neolignan is also formed in vitro using performic acid and

not alone with peracetic acid, as applied in these two

references.

3.2. Investigation of the formation of 2,4-dimethyl-3,

5-bis(4’-methoxyphenyl) tetrahydrofuran

The formation of this impurity is directly linked to the

hydrolysis of anethole epoxide in the reaction mixture. As

shown in Fig. 2 and more detailed in Fig. 3, anethole is

converted into its epoxide analogue by the applied peracid

(in the present case, this would be performic or peracetic

acid; Fig. 3 step A). This epoxide is hydrolyzed to its 1,2-

diol analogue (step B) and is usually present as a formyl or

acetyl derivative. By refluxing the 1,2-diol in a sulfuric acid-

methanol mixture, it will be dehydrated to PMP2P (4) (step

C, better known as the pinacol–pinacolone rearrangement).

The latter can be used as precursor for PMA [6] (step G, by

for instance the Leuckart reaction).

However, anethole epoxide can convert into the stable

carbocation (5) as well (Fig. 3 step D). The latter can be

reacted to its corresponding 1,2-diol with water (step F) or

can be converted into (4) by hydrogen migration when (5) is

present as a zwitterion (step E). The anethole epoxide

derived presence of (5) has been described by Mohan

et al. [16,17], who trapped it by means of forming the azide

analogue. Interestingly, we found (4) in all described test

runs (i.e. prior to the pinacol–pinacolone rearrangement!).

This presence can now be explained via the intermediary

formation of (5) as well.

The same carbocation (5) can be held responsible for the

formation of (1). As shown in the reaction scheme in Fig. 2,

anethole serves as precursor for both anethole epoxide (A)—

and hence carbocation (5) (B)—as (1). Anethole and (5) will

form an intermediary and unstable complex (C and D),

which will be subject for an intramolecular rearrangement

to yield (1) (E).

3.3. Screening for 2,4-dimethyl-3,5-bis(4’-methoxyphenyl)

tetrahydrofuran in clandestine PMA preparations

A total of four different clandestine PMA prepara-

tions have been screened for the presence of (1). The
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Fig. 1. Structural formulas: (1) 2,4-dimethyl-3,5-bis(4’-methoxyphenyl) tetrahydrofuran; (2) magnosalicin; (3a) cis-anethole; (3b) trans-

anethole; (3c) methyl chavicol.
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preparations have been confiscated by Belgian Law

Enforcement in 2001/2002 and have been transferred to

our laboratory for investigation. Previous findings

have meanwhile entered the published scientific literature

[10]. The screened preparations include two brownish

powders (seized from different sources), a capsule con-

taining a similarly appearing brownish powder, and a

beige tablet bearing an ‘xTc’-logo. The latter has been

1

1

1

1

O

O

O

OH

O

OH

O

O

OH

O

OO
O

O

m/z 268

+

+

5.00 10.00 15.00 20.00 25.00 30.00

20.00 21.00 22.00 23.00 24.00 25.00

A

B

C

D

E

(5)

(1)

+

min

min

(a)

(d)

(c)

(b)

(e)

Fig. 2. Chromatograms: [a] performic acid oxidation in acetone [b] performic acid oxidation in DCM [c] peracetic acid oxidation in acetone

[d] peracetic acid oxidation in DCM [e] extracted ion chromatogram (m/z 268) for retention time interval 20.00–25.00 from [a]. Mass

spectrum: The diastereomers have identical mass spectra. The four theoretically possible diastereomers are shown. Reaction scheme: Anethole

is epoxidized (A), after which the obtained anethole epoxide is converted to a stable carbocation (5) (B). Formation of neolignan (1) follows

from the interaction between (5) and anethole (C), which results in the formation of an unstable intermediary product prone to intramolecular

rearrangements (E).
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communicated in the past to have been involved in at least

two lethal accidents in Belgium [18].

The chromatographic results are shown in Fig. 4 and

show the presence of (1) in all four samples, hereby

indicating that they all have been manufactured in a similar

way, viz. via peracid oxidation of anethole. Palmitic and

stearic acid present in the tablet slightly interfere, but the

extracted ion chromatogram for m/z 268 leaves little doubt

(Fig. 4, chromatogram [e]). Furthermore, we found three

peaks for the different diastereomers in all screened samples;

a similar finding has been reported earlier in this text for

simulated experiments.

Other distinctly present and previously described impu-

rities are 4-methoxyphenol [10] (A) as anethole peroxidation

marker, and 4-methyl-5-(4’-methoxyphenyl) pyrimidine [8]

(C) as Leuckart reaction marker. The retrieval of 4-methox-

yphenyl-2-propanol (B) points at the reduction of (4), which

can occur during the Leuckart reaction as well [9].
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Fig. 3. Anethole is reacted to its epoxide analogue using performic or peracetic acid (A). This epoxide is hydrolyzed to the vic-diol

derivative (B), which in turn is dehydrated in a sulfuric acid-methanol mixture in a next synthesis step to yield 4-methoxyphenyl-2-propanone

(4) (C). Anethole epoxide can also be converted to an intermediary carbocation (5) (D), which can be reacted with water to yield the vic-diol

(F) or it can rearrange to (4) in its zwitterionic form (E). (4) can be subjected to e.g. the Leuckart reaction to obtain 4-methoxyamphetamine

(PMA).

D. Waumans et al. / Forensic Science International 143 (2004) 133–139 137



5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00

4.0E5

8.0E5

1.2E6

1.6E6

2.0E5

4.0E5

6.0E5

8.0E5

5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00

2.0E5

4.0E5

6.0E5

8.0E5

1.0E6

1.2E6

2.0E5

4.0E5

6.0E5

8.0E5

1.0E6

5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00

5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00

40.00 41.00 42.00 43.00

m/z 268

1

1

1

1

A

A

A

A

B

B

B

B

C

C

C

C

min

min

min

min

min

(a)

(b)

(c)

(d)
(e)

Fig. 4. Chromatograms: [a] and [b] are both brownish powders, [c] is a brownish powder contained in a capsule and [d] is a tablet extract. [e]

is the extracted ion chromatogram for m/z 268 for retention time interval 40.00–43.00 for [d].
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4. Conclusion

It has been found that 2,4-dimethyl-3,5-bis(4’-methoxy-

phenyl) tetrahydrofuran, a chemical substance with a neo-

lignan structure, is formed during the performic and

peracetic acid mediated oxidation of anethole. Taking into

consideration the manner this impurity is formed during the

reaction, it can be argued that this compound is a selective

marker for the peracid oxidation reaction of anethole. Its

applicability is demonstrated by its presence in clandestinely

manufactured preparations. It should be noted, however, that

the presence of this impurity depends on a great deal on the

underground chemist’s work-up abilities and/or mindset.

Since the new impurity is a high-boiling substance, it is

unlikely to retrieve it if intermediary purification of PMP2P

has occurred.
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