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Introduction

Known since ancient times, Marijuana is cultivated today as two 
main species (Cannabis sativa and Cannabis indica) in almost 
every region of the world.1  There are more than 60 chemical 
compounds classified as cannabinoids in the cannabis plant.2 
“Cannabinoid” is a general name given to alkaloids contained in 
a cannabis plant, and smokeable herbal mixtures containing 
synthetic cannabimimetics are sold under a common name of 
“spice” in Europe.3  Cannabis is the most widely used plant of 
abuse4 that is considered harmless by some, while others report 
it as affecting mental health, especially on young people.5 
Δ9-THC [((–)-(6aR,10aR)-6,6,9-trimethyl-3-pentyl-6a,7,8,10a-
tetrahydro-6H-benzo[c]chromen-1-ol)], which was isolated 
from cannabis in 1964, is mainly responsible for the 
hallucinogenic effect on humans.6–8

In 1990s, J. W. Huffman et al. synthesized a series of 
compounds, briefly known as (aminoalkyl)indoles or JWH 
(named after J. W. Huffman accomplishing this synthesis).9–12  
These substances, which have Δ9-THC-like effects and are of 
non-vegetable origin, are currently called “synthetic 
cannabinoids”.  In the early 2000s, the (aminoalkyl)indoles 
comprised a novel and leading class of cannabinoid receptor 
agonists consisting of an indole nucleus substituted by an 

aminoalkyl group at position 1 and an aroyl group at position 3 
(Fig. 1).  Although these (aminoalkyl)indole compounds are 
structurally different from cannabinoids, it is interesting that 
they react as a cannabimimetic.13,14

In addition to a variety of portable devices used by security 
forces to detect explosive or narcotic substances, colorimetric 
methods are the most preferred ones with ease of implementation 
and low cost.  Colorimetric methods are sufficiently selective 
and sensitive to enable simple and cost-effective detection of 
various analytes by the naked eye, and usually do not require 
special labware/technique, lengthy protocols and sophisticated 
instrumentation.15–18  Test kits, which can be purchased 
commercially, are available for cannabis, heroin, cocaine and 
amphetamine groups.19–25  However, these test kits, which are 
limited for synthetic cannabinoids, involve non-specific tests26 
and are non-quantitative.  Synthetic cannabinoids, which have a 
molecular structure similar to Δ9-THC, give positive results to 
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Fig. 1　Chemical structure of indole molecule.
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known marijuana tests (e.g., the Duqeunois–Levine test and Fast 
Blue B salt), while non-similar cannabinoids with different 
structures do not.27  Namera et al. evaluated the Duquenois–
Levine reagent (i.e. vanillin and acetaldehyde in EtOH), used to 
identify classical cannabinoids, not to be suitable for synthetic 
cannabimimetics.28  Isaacs reported positive results (orange/red-
orange color formation) for a test made with Brady’s reagent 
containing 2,4-dinitrophenylhydrazine (DNPH) for synthetic 
cannabimimetics bearing ketone carboxyl group.29  There are 
also many studies based on chromatography for the determination 
of synthetic cannabinoids containing (aminonaphthyl)indole 
group.30–32  In general, a large majority of these literature studies 
focus on the identification and quantification of the material 
encountered for the first time.30,31,33–36

The main problem related to the quantitation of synthetic 
cannabimimetics is the lack of reliable reference materials.  The 
studies carried out in this regard are rather limited.27,30,37–38  For 
this reason, it is important to devise novel practical methods for 
the determination of various types of synthetic cannabimimetics.

Ehmann used a van Urk–Salkowski reagent containing 
p-dimethylaminobenzaldehyde (p-DMAB), FeCl3 and sulfuric 
acid for visualizing indole derivatives on thin layer plates.39  
Utilizing this property of p-DMAB, we developed and validated 
a novel colorimetric method to detect most indole-containing 
compounds as a widely-used class of synthetic cannabimimetics.  
The detection principle of this method is the measurement of 
optical absorbance of the pink-purple or blue colored product 
that was generated from the reaction of synthetic cannabimimetics 
with p-DMAB in the presence of silica-sulfuric acid catalyst 
(SSA, SiO2-O-SO3H) at wavelengths of 575 and/or 635 nm.  
This appears to be a colorimetric method that can be easily 
used  in determining (aminoalkyl)indole-containing synthetic 
cannabimimetics.

Experimental

Reagents and chemicals
All reagents were of analytical reagent grade unless otherwise 

stated.  Ethanol (EtOH), formic acid, p-dimethylamino benzalde-
hyde (p-DMAB), sulfuric acid, salicylic acid and urea were 
purchased from Sigma-Aldrich (St. Louis, MO, USA).  Mannitol 
and silica gel 60 (0.063 – 0.200 mm), as well as acetonitrile and 
methanol for chromatography were obtained from Merck 
(Darmstadt, Germany).  Certified reference materials; AM-2201 
(1-[(5-fluoropentyl)-1H-indol-3-yl]-(naphthalen-1-yl)methanone), 
MAM-2201 [[1-(5-fluoropentyl)1-H-indol-3-yl](4-methyl-1-
naphthalenyl)-methanone], JWH-018 (naphthalen-1-yl(1-pentyl-
1H-indol-3-yl)methanone), JWH-081 ((4-methoxynaphthalen-1-
yl)-1-pentylindol-3-yl)methanone), JWH-122 ((4-methylnaphthalen- 
1-yl)-(1-pentylindol-3-yl)methanone) and JWH-210 ((4-ethyl- 
naphthalen-1-yl)(1-pentyl-1H-indol-3-yl)methanone) were 
purchased from Cayman Chemicals (Ann Arbor, MI).

The non-certified synthetic cannabimimetics; XLR-11 
[1-(5-fluoropentyl)-1H-indol-3-yl](2,2,3,3-tetramethylcyclopropyl)-
methanone and 5F-PB-22 (quinolin-8-yl 1-(5-fluoropentyl)-1H-
indole-3-carboxylate) were obtained from Istanbul Police 
Directorate Crime Laboratory.

Apparatus
The UV-Visible (UV-Vis) spectra and absorption measurements 

were recorded in matched Hellma quartz cuvettes using a 
Shimadzu UV-1800 UV-Vis spectrophotometer.  The optical 
thickness of the cuvettes used in solution-phase measurements 
was 10 mm.  Shimadzu LC-MS/MS 8040 liquid chromatography–

tandem mass spectrometer was used to validate the proposed 
assay.

Preparation of solutions
The preparation of all solutions used throughout the study is 

as described in Supporting Information.

Recommended procedure for determining synthetic 
cannabimimetics including aminoalkylindole functional groups

Twenty miligrams of SiO2 were weighed to a 100 mL-beaker, 
and 1 mL of concentrated sulfuric acid (H2SO4) (98%, w/v) was 
added to the beaker for immobilizing H2SO4 on SiO2 surface 
(silica-sulfuric acid catalyst), and 1 mL synthetic cannabimimetic 
sample solution in EtOH (for AM-2201, MAM-2201 and JWH-
type synthetic cannabimimetics) or in MeOH–H2O (70:30, v/v, 
for XLR-11 and 5F-PB-22) was introduced to the mixture in 
this order.  The final mixture was kept at 180°C for 5 min.  At 
the end of this time, the beaker was removed from the hot plate, 
and 1 mL of a 0.33 mol L–1 p-DMAB solution was rapidly 
introduced to the beaker.  A color change from yellow to purple 
or blue was observed.  The mixture was taken to a 10 mL-
volumetric flask by washing with EtOH.

Optimization of reaction parameters for the recommended 
method

The temperature, volume and concentration of H2SO4, amount 
of SiO2 and concentration of p-DMAB reagent were optimized 
as described in Supporting Information.

Analytical recovery of synthetic cannabimimetics in the presence 
of camouflage materials

The proposed method applied to potential camouflage 
materials (indomethacin, ziprasidone, mannitol, salicylic acid 
and urea) in combination with 600 μg mL–1 (initial concentration) 
AM-2201 (for details, please see Supporting Information).

LC-MS/MS conditions
The method of Shimadzu application40 for the quantitative 

analysis of cannabimimetics was followed for validation of the 
developed method.  The LC-MS/MS determination of the 
synthetic cannabimimetics was described in Supporting 
Information.

Real sample analysis 
AM-2201-impregnated plant material (Veronica, speedwell) 

and JWH-018-impregnated plant material, dried Marshmallow 
leaves which are generally used for impregnation of the drugs,41 
were tested for real sample analysis as described in Supporting 
Information.

Statistical analysis
Descriptive statistical analyses were performed using Excel 

software (Microsoft Office 2013) for calculating the mean and 
the standard error of the mean.  Results were expressed as 
{mean ± standard deviation (SD)}.  Method validation against 
LC-MS/MS40 was made by means of Student’s t- and F-tests.

Results and Discussion

Evaluation of the color tests existing in the literature
The analyzed cannabimimetics were tested with the 

colorimetric reagent DNPH for identifying carbonyl groups, as 
defined in the literature29 reporting an orange-red color reaction 
for JWH-class cannabinoids, without quantitative results.  
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Our  preliminary results with DNPH did not confirm a useful 
color reaction for cannabimimetic quantitation.  In fact, each 
carbonyl compound has a different reactivity toward DNPH,42 
and some carbonyls do not react at all due to the unfavorable 
electronic environment of the carbonyl group, such as the 11-
keto steroid remaining unreactive to DNPH.43  The van Urk 
reagent (i.e. p-dimethylaminobenzaldehyde–H2SO4 and oxidant), 
which is used to identify abuse drugs containing indole, also 
does not work for these compounds.

Plausible reaction mechanism of the proposed method
The mechanism of the Ehrlich reaction between indole 

derivatives and p-DMAB was originally described in detail by 
the works of Glenner.44,45  “Electron-rich” bicyclic indoles 
chemically behave in a similar manner to reactive pyrroles with 
the exception that they most frequently react through the 
3-position (Fig. 1), and seldom through the 2-position in case of 
unavailability of the 3-site.46

Most colorimetric reactions of forensic interest occur between 
electron-rich and electron-poor compounds.  For example, the 
indole moiety of lysergic acid diethylamide (LSD) has two 
modestly electron donating alkyl substituents which may 
enhance its electron rich properties and realize a reaction with 
p-DMAB in acidic medium.  Likewise, psilocin has one 
moderate electron donating alkyl substituent and one strongly 
electron donating hydroxyl substituent which, when taken 
together, may facilitate reaction with acidified p-DMAB.  On 
the contrary, certain indole-containing cannabimimetics have 
one moderate electron donating alkyl substituent (on nitrogen) 
and one strongly electron withdrawing substituent (a carbonyl) 
which make them electron-deficient by overall evaluation.29  
The electrophilic substitution of indoles with carbonyl 
compounds yields bis(indolyl) alkanes in an acid-catalyzed 
reaction.  In the current research, the in situ synthesis of 
bis(indolyl) alkanes from electron-rich aminoalkylindole-
containing synthetic cannabimimetics with p-DMAB provides a 
useful tool for the colorimetric determination of these 
cannabinoids.  It was reported that if the indole is 3-substituted, 

the electrophilic substitution of p-DMAB may occur at C-2 
position in acceptable yields.47  The possibility of synthesis of 
2,2′-bis(indolyl) alkanes was earlier shown to occur with 
3-substituted indoles.48  Although the Ehrlich reagent is capable 
of reacting with indoles at room temperature, aminoalkylindoles 
require a catalyst for the same reaction carried out at elevated 
temperature.  The silica-sulfuric acid catalyst used in the 
concerned reaction of this study was prepared by immobilization 
of H2SO4 within the pores of SiO2.49  H2SO4 not only acidifies 
the medium but is also responsible for the dehydration necessary 
for color development.  Temperature is also an indispensable 
factor affecting the reaction because electrophilic substitution 
reactions of simple structured indoles with aldehydes/ketones 
are reported to occur at room temperature, whereas higher 
temperatures are required for more complex indoles, such as 
synthetic cannabimimetics.  It may be hypothesized that H2SO4 
plays a role here, similar to that observed in an esterification 
reaction catalyzed by H2SO4 (e.g., RCOOH + R′OH ↔  
RCOOR′ + H2O), in which sulfuric acid dehydrates the medium 
and removes the water of condensation thereby shifting the 
esterification reaction to the right-hand side (of ester formation).  
The hypothetical reaction and schematic description for the 
proposed colorimetric method is shown for JWH-018 as a 
representative compound in Fig. 2.

The formation of bis(indolyl) alkanes from the indole 
containing-organic molecules in the presence of an aldehyde 
(such as p-DMAB) can be supported by Ehrlich reaction-based 
organic syntheses in the literature.50,51  The proposed structure of 
bis(indolyl)alkane synthesized from indole derivative and 
p-DMAB with silica-sulfuric acid (SSA) catalysis was shown 
by Pore et al.47 using various spectroscopic techniques such as 
IR, 1H- and 13C-NMR.

Optimization of reaction parameters
The results related to the optimization of the reaction 

parameters were evaluated in Supporting Information.

Fig. 2　(I) Schematic presentation of colorimetric detection of (aminoalkyl)indole-containing 
synthetic cannabimimetics.  (II) The proposed mechanism (according to Pore et al.47) of SSA-catalyzed 
reaction of JWH-018 with p-DMAB.
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Analytical performance of the proposed method
The proposed method with the use of silica-sulfuric acid 

catalyst was applied to the tested cannabimimetics to produce 
the molecular absorption spectra shown in Fig. S1 (Supporting 
Information).  Four compounds yielded purple and four blue 
colored products with absorbance maxima at 575 and 635 nm, 
respectively.

Ehrlich reaction products may naturally have different colors.  
Ehrlich’s reagent will react with simple indoles (tryptophan, 
5-OH tryptophan, etc.) acting as nucleophiles, and the color of 
the condensation products formed between indole and aldehydes 
may be purple, pink, blue, green to brown, orange, or yellow, 
and depend on the type of substitution involved.52

When indole derivatives with active hydrogens both at C-2-
position and C-3-position react with Ehrlich’s reagent in an 
acidic medium, a water-soluble colored cation complex is 
formed,53 having maximum absorbance at 635 nm in our case.  
According to the comments of the same authors,53 this 
bathochromic shift of maximum absorbance wavelength (λmax) 
corresponding to blue or blue-violet colored products (compared 
to pink or pink-purple products having λmax at 575 nm) may be 
visualized as a broader electron delocalization within the 
π-system involving greater number of atoms in resonance in the 

Ehrlich reaction product.
In this work, the ease of electrophilic substitution of the 

(aminoalkyl)indole-containing synthetic cannabimimetic, as 
reflected in the time and temperature of synthesis in silica-
sulfuric acid (SSA)-catalyzed reaction, as well as possible 
solvatochromic effects54 originating from the use of EtOH or 
MeOH–H2O as solvents with different polarities, may have 
played a role in the observed different colors of Ehrlich reaction 
products.  XLR-11 (in MeOH–H2O) produced a pink color, 
whereas JWH-081 (in EtOH) gave a blue-violet color; these 
synthetic cannabimimetics were necessarily tested in different 
solvents where they were sufficiently soluble.

The analytical performance parameters for each of the tested 
synthetic cannabimimetics are summarized in Table 1.  The 
intra- and inter-day precisions were also assessed at three 
concentrations (low, middle and high) in the calibration range 
(for details, please see Table S1).  As seen in Table S1, the intra-
day and inter-day precisions were within the range of 0.28 – 
2.12 and 0.35 – 2.56%, respectively.

Additionally, the colors of all the analyzed synthetic 
cannabimimetics are shown in the color chart in Fig. 3.  This 
color chart enabling naked eye interpretation of preliminary 
screening tests may be useful for rapid qualitative analysis.  

Table 1　Analytical performance parameters of the proposed method for the tested synthetic cannabimimetics

Cannabinoid Linear rangea Calibration equation εb LODc RSDf, %

JWH-081 2.5 – 25 A575nm = 5.44 × 10–2CJWH-081 + 6.9 × 10–2 
(r = 0.9995)

ε575nm = 2.21 × 104 0.72 0.56 – 3.9

AM-2201 6.25 – 75 A575nm = 1.21 × 10–2CAM-2201 + 6.3 × 10–2 
(r = 0.9991)

A635nm = 1.21 × 10–2CAM-2201 + 7.4 × 10–2 
(r = 0.9990)

ε575nm = 4.72 × 103

ε635nm = 4.90 × 103

1.56d

1.32e

0.42 – 5.4

MAM-2201 6.25 – 37.5 A635nm = 2.78 × 10–2CMAM-2201 – 7.0 × 10–4 
(r = 0.9991)

ε635nm = 1.04 × 104 1.47 0.56 – 4.0

JWH-122 3 – 30 A635nm = 3.54 × 10–2CJWH-122 + 3.1 × 10–2 
(r = 0.9994)

ε635nm = 1.35 × 104 0.64 0.14 – 3.6

JWH-018 3 – 25 A635nm = 3.87 × 10–2CJWH-018 – 9.3 × 10–3 
(r = 0.9995)

ε635nm = 1.30 × 104 0.68 0.3 – 0.67

JWH-210 1 – 10 A635nm = 8.68 × 10–2CJWH-210 + 7.7 × 10–3 
(r = 0.9995)

ε635nm = 3.79 × 104 0.14 0.27 – 1.2

XLR-11 10 – 50 A575nm = 1.40 × 10–2CXLR-11 – 3.4 × 10–2 
(r = 0.9988)

ε575nm = 4.40 × 103 2.66 1.2 – 6.7

5F-PB-22 2.5 – 15 A575nm = 6.70 × 10–2C5F-PB-22 – 3.1 × 10–3 
(r = 0.9993)

ε575nm = 2.46 × 104 0.45 1.7 – 4.3

a. In µg mL–1 units at final concentration.  b. Molar absorptivity, in L mol–1 cm–1 units.  c. Limit of detection, in µg mL–1 units (LOD = 3σbl/m, 
σbl denoting the standard deviation of a blank and m showing the slope of the calibration line).  d. Limit of detection, at 575 nm for AM-2201.  
e. Limit of detection, at 635 nm for AM-2201.  f. Relative standard deviation (N = 5).
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The required reagents and laboratory materials are inexpensive, 
easy-to-use, and can be applied with minimal personnel training.

The absorbance measurements of the colored products for the 
tested cannabimimetics can also be made by an Apple iPhone 6s 
Plus smartphone (Cupertino, CA) with colorimeter application, 
according to the procedure defined by Kuntzleman and 
Jacobson,55 and converted to a calibration line (drawn as 
absorbance versus concentration) of synthetic cannabimimetics.

Analytical results of the proposed method for synthetic 
cannabimimetics tested along with commonly used camouflage 
materials

The method was separately applied to mixtures of AM-2201 
with indomethacin, ziprasidone, mannitol, salicylic acid and 
urea, and the observed recoveries were between 85 – 114% (for 
details, please see Supporting Information).  Additionally, the 
proposed method was directly applied to unspiked salicylic acid, 
urea, mannitol, ziprasidone and indomethacin.  The bar diagram 
(Fig. 4) shows that those camouflage materials that may be 
carried by passengers as passenger belongings in hand-held 
luggages had no significant responses (i.e. no false positives).

Results of real sample analyses
For real sample assay, the proposed method was applied to 

AM-2201-impregnated plant material, as described in Supporting 
Information.  The calibration equation for this analyte was 
obtained as: A575nm = 1.21 × 10–2CAM-2201 + 6.3 × 10–2, where 
CAM-2201 is the concentration of analyte in μg mL–1.  Using this 
equation, the final concentration of this synthetic cannabimimetic 
was found as 1.975 μg mL–1.  Since the followed procedure 
required 200-fold dilution, it was deduced that the actual 
concentration of AM-2201 in the original plant material 
(Veronica, speedwell) was 395 μg mL–1.

The proposed method was also applied to JWH-018-
impregnated plant material.  The calibration equation for this 
analyte was obtained as: A635nm = 3.87 × 10–2CJWH-018 – 9.3 × 10–3, 
where CJWH-018 is the concentration of analyte in μg mL–1.  Using 
this equation, the final concentration of this synthetic 
cannabimimetic was found as 10.73 μg mL–1.  Since the 
followed procedure required 10-fold dilution, it was deduced 

that the actual concentration of JWH-018 in the original plant 
extract (from dried marshmallow leaves) was 107.3 μg mL–1.

LC-MS/MS determination of synthetic cannabimimetics for 
method validation

The proposed procedure was validated against the reference 
LC-MS/MS method40; the t- and F-tests were used for comparing 
the population means and variances, respectively.  The 
confidence levels used in validation of findings were 95% for 
both t- and F-tests in both comparisons for AM-2201 and JWH-
081 (Table S2).  The details of LC-MS/MS findings for method 
validation are included in Supporting Information.

Conclusions

Owing to the proposed method, a relatively selective and 
sensitive colorimetric procedure was developed for the first time 
for the determination of aminoalkylindole-containing synthetic 
cannabimimetics in single sample analysis.  The analytes (AM-
2201, MAM-2201, JWH-081, JWH-018, JWH-210, JWH-122, 
5F-PB-22 or XLR-11) turned into a colored product form 
(purple or blue) as a result of the electrophilic substitution 
reaction between p-DMAB and aminoalkylindole group, and the 
color change was detected by UV-Vis spectrophotometry at 
575 and/or 635 nm.  The method was optimized and analytical 
figures of merit determined.  The proposed low-cost and easy-
to-use spot test positively responding to the indole group is 
expected to be useful in pre-screening criminologic analysis.  
This spectrophotometric method is suitable for single analyte 
determination with good precision and accuracy.
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