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NUCLEAR MAGNETIC RESONANCE IMPLEMENTED SYNTHETIC INDOLE AND
INDAZOLE CANNABINOID DETECTION, IDENTIFICATION, AND

QUANTIFICATION

--This application claims priority based on US Provisional Application No. 61/533,950, filed
April 26, 2013, which is incorporated herein by reference. --

BACKGROUND OF THE INVENTION

Throughout the country there has been a surge in the use of synthetic cannabinoids,
which can produce similar psychological and physiological effects as the illegal drug marijuana.
Synthetic cannabinoids are popular because in many areas they can be purchased and smoked or
otherwise used legally or because users believe the synthetic drug will bypass drug testing
protocols. Moreover, because manufacturers are capable of easily synthesizing these chemicals

to avoid detection, regulatory and law enforcement control has been made more difficult.

Current analytical testing methods are not capable of practical, rapid and accurate
detection and/or quantification of synthetic cannabinoids in botanical products or solids. For
example, spectroscopic and chromatographic separation methods involve a lengthy extraction
process and multiple steps in order to prepare a sufficient sample for analysis, including:
separation, isolation, purification, rinsing, evaporation, and crystallization. These multiple steps

make analysis time consuming and impractical for purposes of law enforcement.

Furthermore, currently used identification techniques, such as mass spectrometry (MS)
are not without limitation. For example, MS may not be able to discriminate between two

isomers because MS analysis of two isomers may generate the same fragmentation pattern.
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Lindigkeit et al. (Forensic Sci Int 2009, 191(1-3): 58-63) teaches a method of isolating an
indole cannabinoid from commercially available herbal mixtures. However, Lindigkeit’s method
begins with a Soxhlet extraction starting with petroleum ether and followed by methanol. This
step can take up to 3 hours. The resulting product is then concentrated and the indole
cannabinoid derivative is isolated by silica-gel column chromatography. The fractions containing
the indole cannabinoid are then collected and concentrated. The components of the gel
chromatography are separated on a thin layer chromatography plate (TLC), and are re-dissolved
in a suitable solvent. The TLC step can take up to 45 minutes. The resulting product is then

subject to Nuclear Magnetic Resonance (NMR) for analysis.

Uchiyama et al. (Forensic Toxicol 2009, 27:61-66) teach a similarly complex process of
isolating synthetic indole cannabinoids. In Uchiyama, the commercially available herbal mixture
suspected of containing a synthetic indole cannabinoid is crushed and extracted under
ultrasonication. Uchiyama reports three one-hour extractions. The combined supernatant was
evaporated to dryness. The extract was loaded on a TLC plate. The TLC step can take up to 45
minutes. The portion of the TLC plate suspected of containing the synthetic indole cannabinoid
is isolated and extracted with an organic solvent. This extraction is repeated. The resulting

product is then subject to NMR for analysis. This method can take up to 4 hours.

Accordingly, there is a need to provide for methods that are capable of accurate and rapid

detection, identification, and quantification of synthetic cannabinoids.

SUMMARY OF THE INVENTION



10

15

20

WO 2014/176542 PCT/US2014/035522

The present invention provides a method for detecting synthetic indole and indazole
cannabinoids in a sample known or suspected to contain a synthetic indole or indazole
cannabinoid. A deuterated solvent is added to the solid sample, creating a suspension. The
suspension is mixed to release the cannabinoid from the solid sample. The suspension is subject
to a NMR spectroscopy process to produce a sample NMR spectrum. The synthetic cannabinoid
is detected in the suspension by analysis of the sample NMR spectrum. When one-dimensional
proton NMR is used, detection of a first peak between 8.00 and 8.50 ppm and a second peak
between 4.00 and 4.40 ppm, indicates the presence of a synthetic indole or indazole cannabinoid.
When two-dimensional Correlation Spectroscopy (COSY) NMR is used, detection of a first spot
between 6.50 and 9.00 ppm and a second spot between 1.50 and 4.50 ppm indicates the presence
of a synthetic indole or indazole cannabinoid. The method is performed in the absence of

chromatography and optionally, may be used to quantify the amount of synthetic cannabinoid.

In another embodiment, the present invention provides a method for detecting synthetic
indole and indazole cannabinoids in a botanical sample using one-dimensional proton NMR. In
particular, a suspension having a solid botanical sample and a solvent is subject to an NMR
spectroscopy process to produce a sample NMR spectrum. Synthetic indole or indazole
cannabinoids are detected in the suspension by analysis of the sample NMR spectrum. When
one-dimensional proton NMR spectroscopy is used, detection of a first peak between 8.00 and
8.50 ppm, a second peak between 4.00 and 4.40 ppm indicates the presence of a synthetic indole

or indazole cannabinoid.

In another embodiment, the present invention provides a method for detecting synthetic
indole and indazole cannabinoids in a botanical sample using COSY NMR. In particular, a

suspension comprising a solid botanical sample and a solvent is subjected to an NMR

3
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spectroscopy process to produce a sample NMR spectrum. Synthetic indole or indazole
cannabinoids in the suspension are detected by analysis of the sample NMR spectrum. When
two-dimensional COSY NMR spectroscopy is used, detection of a first spot between 6.50 and
9.00 ppm and a second spot between 1.5 and 4.5 ppm. The claimed ranges for COSY NMR

spots reflect the range for both axes.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 depicts the one-dimensional proton NMR spectrum (9.0-0.5 ppm) of a botanical

substance called AppleJacked.

Figure 2 depicts the one-dimensional proton NMR spectrum (8.6-9.0 ppm) of a botanical

substance called AppleJacked.

Figure 3 depicts the one-dimensional proton NMR spectrum (4.5-0.7 ppm) of a botanical

substance called AppleJacked.

Figure 4 depicts the two-dimensional COSY NMR spectrum (9.0-0.5 ppm) of a botanical

substance called AppleJacked. Signature spots as well as source hydrogens are also identified.

Figure 5 depicts the one-dimensional proton NMR spectrum (9.0-0.5 ppm) of a botanical

substance called CloudNine.

Figure 6 depicts the one-dimensional proton NMR spectrum (8.6-7.0 ppm) of a botanical

substance called CloudNine.

Figure 7 depicts the one-dimensional proton NMR spectrum (4.6-0.7 ppm) of a botanical

substance called CloudNine.
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Figure 8 depicts the two-dimensional COSY NMR spectrum (9.0-0.5 ppm) of a botanical

substance called CloudNine. Signature spots as well as source hydrogens are also identified.

Figure 9 depicts the one-dimensional proton NMR spectrum (9.0-0.5 ppm) of a botanical

substance called Diablo.

Figure 10 depicts the two-dimensional COSY NMR spectrum (9.0-0.5 ppm) of a botanical

substance called Diablo. Signature spots as well as source hydrogens are also identified.

Figure 11 depicts the one-dimensional proton NMR spectrum (9.0-0.5 ppm) of a botanical

substance called MrNiceGuy.

Figure 12 depicts the two-dimensional COSY NMR spectrum (9.0-0.5 ppm) of a botanical

substance called MrNiceGuy. Signature spots as well as source hydrogens are also identified.

Figure 13 depicts a flow chart detailing an example of the method used to detect and identify the

specific synthetic indole or indazole cannabinoids using one-dimensional NMR.

Figure 14 depicts a flow chart detailing an example of the method used to detect and identify the

specific synthetic indole or indazole cannabinoids using two-dimensional COSY NMR.

DETAILED DESCRIPTION

The present invention provides a method for detecting synthetic indole or indazole
cannabinoids. The method can be conducted without the need for any pre-analysis processing or

destruction of the sample. The method first includes the step of providing a solid sample known
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or suspected to contain at least one synthetic indole or indazole cannabinoid and adding a

deuterated solvent to the solid sample to create a suspension.

The solid sample can include any solid suspected of containing a synthetic indole or
indazole cannabinoids. Examples of solid samples include botanicals. Examples of suitable
botanicals include tobacco, Canavalia maritima, Nymphaea caerulea, Scutellaria nana,
Pedicularis densiflora, Leonotis leonurus, Zornia latifolia, Nelumbo nucifera, Turnera diffusa,
Verascum thapsus and Leonurus sibiricus. Other botanicals include plants from the genus
Artemisia, including Artemisia vulgaris and Artemisia argyi. Further botanicals include plants
from the genus Mentha, including Mentha canadensis and Mentha piperita. Preferably, the

botanical is dried.

In one embodiment, the solid sample is a dried botanical commonly sold on the
commercial market. The dried botanical may contain one or more plant species. These dried
botanicals are commonly referred to as herbal incense, herbal smoking blends, or herbal
potpourri; or collectively known as an herbal product. Examples include K2, Spice,

AppleJacked, MrNiceGuy, Diablo, CloudNine, and Zohai.

In one embodiment, the sample size is between 10 and 100 mg, preferably between 25

and 75 mg, and more preferably the sample size is about 50 mg.

The synthetic indole or indazole cannabinoids are not naturally present in the solid
sample and are added thereto in order to create a substance that mimics cannabis. As defined
herein, synthetic indole or indazole cannabinoids include any chemical compound having an
indole or indazole group, as shown in formula I and formula II respectively, with at least a CH

attached to the nitrogen in position 1, denoted by *.
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A deuterated solvent is added to the solid sample to create a suspension. Deuterated
solvents are commonly known in the art. Any deuterated organic solvent compatible with NMR
analysis of indole or indazole cannabinoids may be used. Examples of suitable deuterated
solvents include: D0, (CD3),CO, CDs;OD, (CD3),SO, CDCls, CD3;CN, C,DsO, C3D;0D, or

10 CH,Cl,. Preferably, the solvent is (CD3),CO or CDCl;. These solvents may be used individually

or in combination.

After addition of the solvent to the solid sample, the suspension is mixed. Methods to

mix the suspension are commonly known in the art. For example, the suspension may be mixed
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by hand or by use of a vortex mixer. The suspension is mixed for a time sufficient for the
synthetic cannabinoid to be released from the solid sample. For example, the suspension is
mixed for at least 1 minute, preferably for at least 2 minutes, and more preferably for at least 3

minutes. In another embodiment, the mixing step may occur at room temperature.

After mixing, the suspension is subjected to a NMR spectroscopy process to produce a
sample NMR spectrum. In one embodiment, the relaxation delay is at least 3.5 seconds,

preferably at least 10 seconds, and even more preferably at least 20 seconds.

NMR is a technique used to obtain structural data of chemical compounds and proteins.
NMR, as used herein, refers to a spectroscopic technique that exploits the magnetic properties of
certain atomic nuclei to determine physical and chemical properties of atoms or the molecules in
which they are contained. The technology relies on the phenomenon of nuclear magnetic
resonance (NMR) and can provide detailed information about the structure, dynamics, reaction

state, and chemical environment of molecules.

Typically, in NMR, a tube with a solution comprising the sample to be analyzed is placed
in a magnet. Radio frequency radiation of appropriate energy is broadcast into the sample. A
receiver coil surrounding the sample tube monitors the radio frequency absorbed. An NMR
spectrum is acquired by varying or sweeping the magnetic field over a small range while
observing the radio frequency signal from the sample, or by varying the frequency of the radio
frequency radiation while holding the external field constant. In some embodiments, the whole
frequency range of NMR, i.e., encompassing all (proton) chemical shifts is investigated. In
nuclear magnetic resonance (NMR) spectroscopy, the chemical shift is the resonant frequency of

a nucleus relative to a standard. The chemical shift in absolute terms is defined by the frequency
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of the resonance expressed with reference to a standard compound which is defined to be at 0

When using one-dimensional proton NMR, two peaks are used to determine the presence
of an indole or indazole cannabinoid. In a preferred embodiment, the sample is scanned a

minimum of 32 times, more preferably, the sample is scanned a minimum of 64 times.

When hydrogen is in position 4 of an indole or indazole cannabinoid, the presence in the
spectrum of a first peak between 8.00 and 8.50 ppm and a second peak between 4.00 and 4.40

ppm indicates the presence of an indole or indazole cannabinoid.

When a non-hydrogen substituent is in position 4 of an indole or indazole cannabinoid,
the absence of a first signature peak in the region between 8.00 and 8.50 ppm, but the presence
of a signature peak between 4.00 and 4.40 and between 7.30 and 7.90 are used to determine the

presence of a synthetic indole or indazole cannabinoid.

When using two-dimensional COSY NMR, two spots are used to determine the presence
of an indole or indazole cannabinoid. In a preferred embodiment, the sample is scanned a
minimum of 1 times, preferably a minimum of 8 times, and even more preferably a minimum of

16 times.

Correlation Spectroscopy (COSY) NMR shows the frequencies for a single isotope, along
both axes. COSY NMR is used to identify spins which are coupled to each other. In particular, it
consists of a single radio frequency (RF) pulse followed by the specific evolution time followed
by a second pulse followed by a measurement period. The frequencies are shown as spots on the

COSY NMR spectrum.
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The presence in the spectrum of a first spot between 6.5 and 9 ppm, representing
aromatic proton-proton interactions; and a second spot between 1.5 and 4.5 ppm, representing

aliphatic proton-proton interactions, indicates the presence of an indole or indazole cannabinoid.

When a non-hydrogen substituent is in position 4 in the indole or indazole cannabinoid,
the absence of a first signature spot in the region between 6.50 and 9.00 ppm, and the presence of
a signature spot between 1.50 and 4.5 ppm and between 1.50 and 4.50 ppm or between 6.50 and
9.00 ppm are used to determine the presence of a synthetic indole or indazole cannabinoid. The

claimed ranges of COSY NMR spots reflect the range for both axes.

NMR analysis of samples containing multiple components result in overlapping
resonances, which thus compromises the ability to measure or determine the contents of the
mixture. Even a pure sample containing a single small molecule may often give rise to 20 or
more peaks in the 'H NMR spectrum. Therefore, a solution with only a few compounds may
lead to significant overlap of spectral signals, and identification of any one compound may be

difficult with this technique.

Therefore, the prior art teaches pre-analysis processing to remove impurities and ensure
that only a single compound or protein is present in a sample to be analyzed by NMR. Pre-
analysis processing methods include multiple rounds of extraction, concentration,
chromatography, and crystallization to remove impurities from their compound or protein of

interest. As discussed above, these methods can be cumbersome, as well as time consuming.

The method of the invention can be conducted without the need for any pre-analysis

processing. It has been unexpectedly discovered that the detection, identification, and optionally

10
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quantification of synthetic indole and indazole cannabinoid compounds in a solid sample do not
require the laborious and time consuming pre-analysis processing prior to NMR, as taught by the
prior art. This pre-analysis processing includes extraction, chromatography, or crystallization.
Furthermore, the prior art teaches repeated steps of extraction, followed by concentration. The
prior art also teaches that extraction and/or isolation is done with one solvent, and then the

extract is dissolved in a second deuterated solvent for NMR analysis.

Furthermore, the method of the present invention may be practiced without the need for
any additional analytical methods. For example, the present invention can be practiced without

the need for mass spectrometry (MS) analysis in conjunction or prior to NMR analysis.

Extraction, as herein defined, is a process involving the application of process conditions

beyond simply adding solvent and mixing to induce separation of an analyte from a solid sample.

One example of extraction is Soxhlet-extraction. In a Soxhlet-extraction, the removal of
an analyte from a permeable solid sample is accomplished by means of a solvent which is
continually evaporated from a still-pot and condensed in such a manner that it falls into and
permeates through the sample which itself is held in a permeable container in a siphonable

chamber. The resulting solvent contains the analyte, free from the solid sample.

Another example of extraction is the ultrasonication method. In this method, the removal
and recovery of an analyte from a solid sample is accomplished by means of applying sound
energy to a solid sample immersed in a solvent (a suspension). Energy may be introduced into
the suspension by means of an ultrasonic probe which is inserted into the suspension or an
ultrasonic bath containing the suspension. The ultrasonic energy may be strong enough to disrupt

and pulverize the solid sample, thus increasing the extractability of the analyte. After application

11
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of sound energy to the suspension, the solvent is separated from the solid sample as described

above.

Chromatography, as defined herein, is a method for resolving, separating, isolating,
and/or purifying a selected analyte from its surrounding medium. Chromatography is a physical
method of separation, in which components to be separated are distributed between two phases,
one of these phases constituting a stationary bed of large surface area, the other being a fluid that
percolates through or along the stationary bed. The separation of the phases relies on the basis of
the target analyte’s binding or interaction with an adsorbent bound to a solid phase support,
which support is suspended in or contacted with the surrounding medium and which may be
reclaimed or separated from said medium by disrupting the interaction between the selected

molecule and the chromatographic material.

Examples of chromatography include thin layer chromatography (TLC) and column
chromatography. Thin-layer chromatography (“TLC”) employs a stationary phase that is spread
in a thin layer on a carrier or substrate plate. A commonly-used stationary phase includes a
silica-gel-based sorbent material. In column chromatography, the stationary phase is packed in

the form of a cylindrical column.

In a typical MS procedure, an analyte is ionized, for example by bombarding it with
electrons. This may cause some of the analyte's molecules to break into charged fragments.
These ions are then separated according to their mass-to-charge ratio. The molecules are

destroyed during ionization and fragmentation.

Crystallization is the process of formation of solid crystals precipitating from a solution.

When two or more substances are dissolved in a solvent, either the desired compound or

12
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impurities can be coaxed out of solution. Crystallization methods to separate substances are

commonly known in the art.

The method of the current invention is capable of detecting and specifically identifying
the identity of synthetic indole or indazole cannabinoid(s) when at least one synthetic

cannabinoid is present in the solid sample.

In one aspect, the present invention provides a method of detecting synthetic indole or
indazole cannabinoid having formula (III); the arrows identify the hydrogens that generate the
signature NMR peaks and the arrows also identify the hydrogens contributing to the COSY

spots.

(TIT)

13
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wherein L is NH, or C;-Cj3, straight-chain or branched alkyl, alkenyl, or alkynyl, n is O or 1,
when n is 0, the adjacent carbons are directly linked, and not linked through L; R'is Co-
Cs(CONH,), C5-Cy; alkyl, aryl, cycloalkyl, heterocyclyl, or heteroaryl, having a single cyclic
ring or multiple condensed rings, wherein the ring may be substituted or unsubstituted; R* is CH,
CH(CH3), or N; R? is Co-Cp» straight-chain or branched alkyl, alkenyl, alkynyl, aryl, cycloalkyl,
heterocyclyl, or heteroaryl, having a single cyclic ring or multiple condensed rings; and R* is

hydrogen or NO,.

In a preferred embodiment, the indole or indazole cannabinoid is one or more of the

synthetic cannabinoids shown in Scheme 1.

Scheme 1

5!

JWH-203 .
5.
3"2"o| 1.N
O » 7
4 \ /
1" 2*
Sty
O
RCS-08 AM-2201 JWH-250
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ADB-PINACA

and

The numbers in scheme 1 represent the position of hydrogen atoms referenced in Table 1 and

Table 2, herein below.

When using one-dimensional proton NMR, and a hydrogen is present in position 4 of the
indole or indazole cannabinoid, a third peak or set of peaks between 7.30 and 7.9 ppm provides
the specific identity of the synthetic indole or indazole cannabinoids that may be present in the

solid sample.

Figure 13 depicts a flow chart detailing an example of the method used to detect and
identify the specific identity of a synthetic indole or indazole cannabinoid using the one-

dimensional NMR method.

16
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When using two-dimensional COSY NMR, and hydrogen is present in position 4 of the
indole or indazole cannabinoid, a third spot or set of spots between 1.50 and 4.50 ppm or
between 6.50 and 9.00 ppm provides the specific identity of the synthetic indole or indazole

cannabinoids that may be present in the solid sample.

Figure 14 depicts a flow chart detailing an example of the method used to detect and
identify the specific identity of a synthetic indole or indazole cannabinoid using the two-

dimensional COSY method.

The amount of above-mentioned synthetic cannabinoid may be quantified by any method
known in the art. One such method involves the use of an internal standard. Examples of
suitable internal standards include maleic acid (MA), 3,5,-dinitrobenzoic acid, dimethylsulphone,

and 1,2,4,5-tetramethylbenzyene.

Using maleic acid as an internal standard, the amount of cannabinoid in a sample can be
calculated by applying the following equation, wherein MA is maleic acid, FW is formula weight

(g/mol), and integral is the integrated area under the NMR peak.

(mg of MA) <# Oflflz;)f;}n]f/[;ln MA) (Integral of Cannabinoid Peak)

t#of
protons represented by Cannabinoid Peak
FW of Cannabinoid

mg of Cannabinoid =

(Integral of MA Peak)

It should be understood and appreciated that additional external standardization
processes, such as electronic quantitating methods may also be used in addition to and/or in
conjunction with the selective NMR processes of the present disclosure. As such, the present

teachings are not intended to be limiting in nature herein.

17
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While exemplary embodiments incorporating the principles of the present teachings have
been disclosed hereinabove, the present teachings are not limited to the disclosed embodiments.
Instead, this application is intended to cover any variations, uses, or adaptations of the invention
using its general principles. Further, this application is intended to cover such departures from
the present disclosure as come within known or customary practice in the art to which this

invention pertains and which fall within the limits of the appended claims.

Throughout this specification, quantities are defined by ranges, and by lower and upper
boundaries of ranges. Each lower boundary can be combined with each upper boundary to

define a range. The lower and upper boundaries should each be taken as a separate element.

2% <<

Reference throughout this specification to “one embodiment,” “an embodiment,” “one
example,” or “an example” means that a particular feature, structure or characteristic described
in connection with the embodiment or example is included in at least one embodiment of the

29 CCl

present embodiments. Thus, appearances of the phrases “in one embodiment,” “in an

2% <

embodiment,” “one example,” or “an example” in various places throughout this specification
are not necessarily all referring to the same embodiment or example. Furthermore, the particular
features, structures or characteristics may be combined in any suitable combinations and/or sub-
combinations in one or more embodiments or examples. In addition, it is appreciated that the

figures provided herewith are for explanation purposes to persons ordinarily skilled in the art and

that the drawings are not necessarily drawn to scale.

2% << 29 Cel 29 Cel

As used herein, the terms “comprises,” “comprising,” “includes,” “including,” “has,”
“having,” or any other variation thereof, are intended to cover a non-exclusive inclusion. For

example, a process, article, or apparatus that comprises a list of elements is not necessarily

18
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limited to only those elements but may include other elements not expressly listed or inherent to

such process, article, or apparatus.

Further, unless expressly stated to the contrary, “or” refers to an inclusive “or’” and not to
an exclusive “or”. For example, a condition A or B is satisfied by any one of the following: A is
true (or present) and B is false (or not present), A is false (or not present) and B is true (or

present), and both A and B are true (or present).

Additionally, any examples or illustrations given herein are not to be regarded in any way
as restrictions on, limits to, or express definitions of any term or terms with which they are
utilized. Instead, these examples or illustrations are to be regarded as being described with
respect to one particular embodiment and as being illustrative only. Those of ordinary skill in
the art will appreciate that any term or terms with which these examples or illustrations are
utilized will encompass other embodiments which may or may not be given therewith or
elsewhere in the specification and all such embodiments are intended to be included within the
scope of that term or terms. Language designating such nonlimiting examples and illustrations

2% <

includes, but is not limited to: “for example,” “for instance,” “e.g.,” and “in one embodiment.”

In this specification, groups of various parameters containing multiple members are
described. Within a group of parameters, each member may be combined with any one or more
of the other members to make additional sub-groups. For example, if the members of a group
are a, b, ¢, d, and e, additional sub-groups specifically contemplated include any one, two, three,

or four of the members, e.g., a and c; a, d, and e; b, ¢, d, and e; etc.

EXAMPLES

19
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The present invention is illustrated in further details by the following non-limiting

examples.

Example 1

Proton NMR spectrum of AppleJacked

An herbal product named AppleJacked was obtained. 0.5 mL of CDCl; was added to 50
mg of AppleJacked, and mixed for 3 minutes. The suspension was analyzed by 1H NMR in a
400 MHz NMR using a proton program run having a 4 second relaxation time and 32 scans. The
range was set from 0-10 ppm, and the auto gain setting was on. The NMR spectrum is depicted

in Figure 1-3.

Example 2

COSY NMR spectrum of AppleJacked

An herbal product named AppleJacked was obtained. 0.5 mL of CDCl; was added to 50
mg of AppleJacked, and mixed for 3 minutes. The suspension was analyzed by COSY NMR in
a 400 MHz NMR using a proton-proton correlation program run having a 1.5 second relaxation
time and 1 scan. The range was set from 0-10 ppm, and the spin state setting was off. The

annotated NMR spectrum is depicted in Figure 4. Two synthetic cannabinoids were identified in

this sample, AM-2201 and RCS-04.

Example 3

Proton NMR spectrum of CloudNine

An herbal product named CloudNine was obtained. 0.5 mL of CDCl; was added to 50 mg
of CloudNine, and mixed for 3 minutes. The suspension was analyzed by 1H NMR in a 400

MHz NMR using a proton program run having a 4 second relaxation time and 32 scans. The
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range was set from 0-10 ppm, and the auto gain setting was on. The NMR spectrum is depicted

in Figure 5-7.

Example 4

COSY NMR spectrum of CloudNine

An herbal product named CloudNine was obtained. 0.5 mL of CDCl; was added to 50
mg of CloudNine, and mixed for 3 minutes. The suspension was analyzed by COSY NMR in a
400 MHz NMR using a proton-proton correlation program run having a 1.5 second relaxation
time and 1 scan. The range was set from 0-10 ppm, and the spin state setting was off. The

annotated NMR spectrum is depicted in Figure 8. Two synthetic cannabinoids were identified in

this sample, XLR-11 and UR-144.

Example 5

Proton NMR spectrum of Diablo

An herbal product named Diablo was obtained. 0.5 mL of CDCl; was added to 50 mg of
Diablo, and mixed for 3 minutes. The suspension was analyzed by 1H NMR in a 400 MHz
NMR using a proton program run having a 4 second relaxation time and 32 scans. The range
was set from 0-10 ppm, and the auto gain setting was on. The NMR spectrum is depicted in

Figure 9.

Example 6

COSY NMR spectrum of Diablo

An herbal product named Diablo was obtained. 0.5 mL of CDCl; was added to 50 mg of
Diablo, and mixed for 3 minutes. The suspension was analyzed by COSY NMR in a 400 MHz

NMR using a proton-proton correlation program run having a 1.5 second relaxation time and 1
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scan. The range was set from 0-10 ppm, and the spin state setting was off. The annotated NMR

spectrum is depicted in Figure 10. Synthetic cannabinoid MAM-2201 was identified.

Example 7

Proton NMR spectrum of MrNiceGuy

An herbal product named MrNiceGuy was obtained. 0.5 mL of CDCl; was added to 50
mg of MrNiceGuy, and mixed for 3 minutes. The suspension was analyzed by 1H NMR in a 400
MHz NMR using a proton program run having a 4 second relaxation time and 32 scans. The
range was set from 0-10 ppm, and the auto gain setting was on. The NMR spectrum is depicted

in Figure 11.
Example 8

COSY NMR spectrum of MrNiceGuy

An herbal product named MrNiceGuy was obtained. 0.5 mL of CDCl; was added to 50
mg of MrNiceGuy, and mixed for 3 minutes. The suspension was analyzed by COSY NMR in a
400 MHz NMR using a proton-proton correlation program run having a 1.5 second relaxation
time and 1 scan. The range was set from 0-10 ppm, and the spin state setting was off. The

annotated NMR spectrum is depicted in Figure 12. Two synthetic cannabinoids were identified

in this sample, AM-2201 and JWM-122.

Example 9

Proton NMR spectrum of synthetic indole or indazole cannabinoids isolated from commercially

available herbs, or purchased in purified form.

0.5 mL of CDCl; was added to 50 mg of commercially available herbal mixtures, and

mixed for 3 minutes. The suspension was analyzed by 1H NMR in a 400 MHz NMR using a
22
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proton program run having a 4 second relaxation time and 32 scans. The range was set from 0-

10 ppm, and the auto gain setting was on. The NMR peaks are reported in TABLE 1.

Example 10

COSY NMR spectrum of synthetic indole or indazole cannabinoids isolated from commercially

5 available herbs, or purchased in purified form.

0.5 mL of CDCl; was added to 50 mg of commercially available herbal mixtures, and

mixed for 3 minutes. The suspension was analyzed by COSY NMR in a 400 MHz NMR using a

proton-proton correlation program run having a 1.5 second relaxation time and 1 scan. The

range was set from 0-10 ppm, and the spin state setting was off. The annotated NMR spectrum

10 is depicted in Figure 12.

15 TABLE1

CDCI; Proton STANDARDS (Avg. Method)

Label Reference RCS-04 RCS-04
Actual JWH-018 as labeled (in Acetone)
M.L Cayman

H-2 7.34 7588 7.88 S
H-4 8.49 836 M 832D
H-5 7.33-7.39 7.30M 7.18-7.27M
H-6 7.33-7.39 7.32M 7.18-7.27M
H-7 7.33-7.39 7.38M 752D
H-1" - - -

H-2" 7.64 7.84D 780D
H-3" 7.51 6.98 D 699D
H-4" 7.95 - -

H-5" 7.89 6.98 D 699D
H-6" 75 7.84D 780D

"AM-1221"
AM-2201
(Impurities)

736 M
848 M
735M
736 M
740M

7.64M
7.52M
797D
791D
7.50M

23

"AM-2201"
JWH-019

7.348
848 M
735M
733 M
737TM

7.65 Dd
7.50M
796D
790D
751M

JWH-081
as labeled

735M

8.46 M

734 M
7.32-7.39
7.32-7.39

7.64D
6.82D

829M
7.50M

"JWH-122"
JWH-200

737TM

8.52M

736 M
7.44-7.54
7.44-7.54

765D
751M
796D
790D
749 M

JWH-20
as labeled

736 M
847TM
7.34-7.40
7.34-7.40
7.34-7.40

7.64M
7.52M
796D
790D
752M
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H-7"
H-8"
H-1'
H-2'
H-3'
H-4'
H-5'
H-6'
H-7'
H-8'
H-2C
H-1"N
H-2"C(a/b)
H-3"C(a/b)
H-2"0
H-3"0
H-4"a
H-4"b
H-4"0
H-4"C
H-4"Ca
H-4"Cb
H-5"N
H-3'N
H-6'N
H-4'0
H-5'0
2%
MeOH
Acetone

745
8.19
4.03
1.78
122
1.27
0.84

4.15T
1.87M
1.32M
1.33M
0.88T

429T
1.86 M
129 M
129 M
081T

745M
8.17D
409T
1.84 M
1.38M
1.63M
4.36 Dt

24

745M
8.18D
4.06 T
1.79M
123 M
125M
123 M
0.82T

7.50M
8.34M
407T
1.80M
126 M
1.30M
0.84 M

PCT/US2014/035522

746 M
8.16D
4.14M
2698

7.52M
8.17D
4.06 T
1.79M
1.24M
1.24M
0.83T
1558
1558



WO 2014/176542

CDCIL; Proton STANDARDS

Label
Actual

H-2
H-4
H-5
H-6
H-7
H-1"
H-2"
H-3"
H-4"
H-5"
H-6"
H-7"
H-8"
H-1'
H-2'
H-3'
H-4'
H-5'
H-6'
H-7'
H-8'
H-2C
H-1"N
H-2"C(a/b)
H-3"C(a/b)
H-2"0
H-3"0
H-4"a
H-4"b
H-4"0
H-4"C
H4"Ca
H4"Cb
H-5"N
H-3'N
H-6'N
H-4'0
H-5'0
2%
MeOH
Acetone

JWH-203
as labeled
(Impurities)

7878
8.39M
7.28M
733 M
736 M

7.38M
7.19M
723 M
729 M

4.15T
1.88M
1.32M
1.32M
0.89T

JWH-250
as labeled

7.86S

840 M

725M
7.25-7.32
7.25-7.32

6.87D
721M
691T
729 M

4.12M
1.85M
131 M
131 M
0.88T

JWH-122
Cayman

735M
847TM
734 M
737TM
740 M

755T
735D

8.06 D
7.55M
746T
823D
4.06T
1.79 M
1.24M
128M
0.84T

AM-2201
Cayman

7.348
848 M
734 M
737TM
740M

7.65D
7.50M
796D
790D
748 M
744 M
8.18D
409T
1.86 M
1.39M
1.64M
4.36 Dt

25

JWH-210
Cayman

736 M
849 M
734 M
740M
7.32-7.41

758D
7.38M

8.12D
7.54 Td
745 Td
823D
4.06 T
1.80M
126 M
128M
0.84T

317M
143 T

UR-144
Cayman

7658
8.39M
727TM
733 M
7.38M
1.94S

4.15M
1.87M
1.34M
1.34M
0.88 M

1.33/1.29
1.33/1.29

PCT/US2014/035522
RCS-08 RCS-08 Isomer
as labeled (3-methoxy)
7.87 S 7.76 S
8.39M 840M
7.23-7.34 7.23-7.34
7.23-7.34 7.23-7.34
7.23-7.34 7.23-7.34
- 6.88 S
6.88D -
6.77D
691T 690T
7.29M 7.28M
415T 416T
1.60-1.79
1.60-1.79
1.60-1.79
1.13-1.30
0.90-1.04
1.13-1.30
1.60-1.79
3828 -
- 3.77S
4.16S 4118
- 3.48
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CDCI; Proton STANDARDS
Label RCS-08
Actual (4-methoxy)

H-2 7758
H-4 8.39M
H-5 7.20-7.34
H-6 7.20-7.34
H-7 7.20-7.34
H-1" -
H-2" 7.20-7.34
H-3" 6.85D
H-4" -
H-5" 6.85D
H-6" 7.20-7.34
H-7" -
H-8" -
H-1' 4.15T
H-2' 1.60-1.81
H-3' 1.60-1.81
H-4' 1.60-1.81
H-5' 1.12-1.34
H-6' 0.80-1.04
H-7' 1.12-1.34
H-8' 1.60-1.81
H-2C -
H-1"N -
H-2"C(a/b) -
H-3"C(a/b) -
H-2"O -
H-3"O0 -
H-4"a -
H-4"b -
H-4"O0 3778
H-4"C -
H-4"Ca -
H-4"Cb -
H-5"N -
H-3'N -
H-6N -
H-4'0 -
H-5'0 -
2% 4.08 S
MeOH -
Acetone -

JWH-019
Cayman

7.32-741
848 M
733 M
739M

7.32-741
7.64D
7.50M
796 D
790 D
749 M
744 M
8.17D
4.06 T
1.79M
123 M
128M
122M
0.82T

JWH-022
Cayman

7.32-741
8.50M
735M

7.32-741

7.32-741
7.65D
751 M
796 D
790D
749 M
746 M
8.17D
408 T
191 M
2.03M
571M
496 M

AM-1220
Cayman

7.32-7.56
346 M
7.35M
742 M
7.52M
7.66 D
7.52M
797D
791D
751 M
747TM
8.19D
4.53 and 3.84
237TM
2.11 and 2.85
1.61 and 1.58
1.08 and 1.25
1.08 and 1.50

26

RCS-4
(C4 homolog)
Cayman

7578
835M
729 M
731 M
739M
7.83 Dt
6.98 Dt

6.98 Dt
7.83 Dt

416T
1.85M
1.35M
094T

PCT/US2014/035522
RCS-4 RCS-4
(2-methoxy) (3-methoxy)
Cayman Cayman
7.39-743
8.28M 820 M
727TM 725M
7.30-7.35
7.30-7.35
- 7538
698 T -
7.38M
726 M
695T
4.05T 4.08 T
1.79 M 1.79 M
126 M 125M
126 M 1.24M
0.82T 0.80T
3.74 S -
- 3798
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CDCI; Proton STANDARDS
Label AM-679 AB-Fubinaca A-834735 XLR-11 AB-Pinaca JWH-007 AKB-48
Actual Cayman Cayman Cayman Cayman Cayman Cayman (A-Pinaca)
Cayman
H-2 7298 - 7618 7.66 S - - -
H-4 832M 833D 8.39M 8.39M 831 M 8.09D 837D
H-5 7.33M 727TM 725M 726 M 727TM 742°T 723M
H-6 738M 7.27-740 731 M 732M 741 M 749T 738D
H-7 740 M 7.27-7.40 7.34M 7.34M 744 M 755D 738D
H-1" - - 1938 1938 - - -
H-2" - 450 M - - 449 M 796D 220M
H-3" 7.92 Dd 236M - - 238M 749T 213M
H-4" 7.15Td - - - - 790D 1.72M
H-5" 742M - - - - 698 M -
H-6" 737TM - - - - 7.13M -
H-7" - - - - - 7.16 M -
H-8" - - - - - 730D -
H-1' 410T 5588 4.03D 4.17T 438T 411T 4.34T
H-2' 1.84 M - 2.14M 195M 1.94M 1.78 M 1.92M
H-3' 1.30M 698 M 1.41 and 1.43 1.50M 1.32M 136 M 1.30M
H-4' 131 M 7.18 Td - 1.73M 136 M 136 M 1.35M
H-5' 0.87T - - 4.43 Dt 0.88T 090T 0.88T
H-6' - 7.18 Td 1.41 and 1.43 - - - -
H-7' - 698 M - - - - -
H-8' - - - - - - -
H-2C - - - - - 248 S -
H-1"N - 748D - - 746 M - -
H-2"C(a/b) - - 1.30 and 1.33 1.29 and 1.34 - - -
H-3"C(a/b) - - 1.30 and 1.33 1.29 and 1.34 - - -
H-2"O0 - - - - - - -
H-3"O - - - - - - -
H-4"a - 1.07D - 1.07 Dd - -
H-4"b - 1.07D - - 1.07 Dd - -
H-4"O - - - - - - -
H-4"C - - - - - - -
H-4"Ca - - - - - - -
H-4"Cb - - - - - - -
H-5"N - 5.74D - - 5.77D - -
H-3'N - - - - - - -
H-6'N - - - - - - -
H-4'0 - - 3.32 and 3.96 - - - -
H-5'0 - - 3.32 and 3.96 - - - -
2% _ _ - - - - -
MeOH - - - - - - -
Acetone - - - - - - -

27
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CDCI Proton

Label Name
Possible ID

H-2
H-4
H-5
H-6
H-7

H-1"

H-2"

H-3"

H-4"

H-5"

H-6"

H-7"

H-8"
H-1'

HERBS (Avg. Method)
Moon Spice
RCS-04 JWH-018
736 M 736 M
836 M 847 M
7.25-7.38 7.33-7.38
7.25-7.38 7.33-7.38
7.25-7.38 7.33-7.38
7.84D 7.64M
6.98 D 7.52M

- 796D
6.98 D 790D
7.84D 748 M

- 748 M

- 8.17D
4.15T 4.05T

Nuclear Bomb
JWH-122

734 M
843 M
7.32-7.35
7.32-7.35
7.32-7.35
N/D
753 M
8.04 M
N/D
746 M
746 M
8.19M
4.04 M

Ion Source
JWH-203 RCS-080
731M 731M
8.39M 8.39M
7.23-7.39 7.23-7.39
7.23-7.39 7.23-7.39
7.23-7.39 7.23-7.39

- 6.89 M
731M -
731M 6.89 M
7.87D 751M
731M 731M
4.13M 4.13M

28
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K-250 Extremely Legal XXX
JWH-250 JWH-122 JWH-210

727TM 736 M 736 M

8.39M 847 M 847TM
7.20-7.33 7.33-7.40 7.33-7.40
7.20-7.33 7.33-7.40 7.33-7.40
7.20-7.33 7.33-7.40 7.33-7.40

- 756 M 756 M

6.89 M 7.53M 756 M

727TM 8.06 D 8.12D

785M 8.06 D 8.12D

- 747TM 747TM

- 747TM 747TM

- 823D 823D

4.13M 405T 405T
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CDCI Proton

Label Name
Possible ID

H-2
H-4
H-5
H-6
H-7
H-1"
H-2"
H-3"
H-4"
H-5"
H-6"
H-7"
H-8"
H-1'

HERBS

JWH-210
733 M
848 M
735M

7.24-7.38

7.24-7.38
758D
7.38M

8.12D
751M
751M
823 M
4.06 T

(Avg. Method)

Sweet Leaf
JWH-122

733 M
848 M
735M
7.24-7.38
7.24-7.38
7.55M
737TM

8.06 D
751M
751M
823 M
4.06 T

JWH-250
7878
840M
726 M

7.24-7.38

7.24-7.38

6.87D
733 M
691T

4.12M

29

Melon Code Black

JWH-122
735M
8.46 M

7.31-7.39

7.31-7.39

7.31-7.39
7.55M
7.55M

8.05M
746 M
746 M
823 M
4.06 T

JWH-203
735M
8.39M

7.19-7.30

7.19-7.30
7.19-7.30

725M
725M
7.86 D
735M

4.15T

PCT/US2014/035522
Head Trip Rack City
JWH-210 XLR-11

7.34M 7.658
8.46 M 8.39M
7.29-7.39 726 M
7.29-7.39 7.32M
7.29-7.39 7.34M
- 1938
7.54M -
7.54M -

8.12 D (small)
8.12 D (small)
746T
746T
822D
405T

4.17T



10

15

WO 2014/176542

CDCI Proton

Label Name
Possible ID
H-2
H-4
H-5
H-6
H-7
H-1"
H-2"
H-3"
H4"
H-5"
H-6"
H-7"
H-8"
H-1'

TABLE 2

HERBS (Avg. Method)

Zombie Matter
AM-2201 JWH-210
7.31-7.40M 7.31-7.40M
8.43 M 8.43 M
7.32-7.40 7.32-7.40
7.32-740 7.32-7.40
7.32-7.40 7.32-7.40
7.65D 758D
7.42-7.56 7.32-7.40

796D -

790D 8.12D
7.42-7.56 7.42-7.56
7.42-7.56 7.42-7.56

8.17D 823D
4.09-4.03 4.09-4.03

AM-2201

735M
848 M
7.34-7.37
7.34-7.37
7.34-7.37
7.42-7.58
751M
797D
790D
749 M
745M
8.18D
4.09M

30

Mr. Nice Guy
JWH-122
735M
8.48 M
7.34-71.37
7.34-7.37
7.34-71.37
7.65D
7.56 M
8.06 D
7.52M
745M
823D
4.07M

PCT/US2014/035522
Cloud Nine
XIR-11 UR-144
7.65S 7.65S
8.39M 8.39M
726 M 726 M
733M 733M
7.30-7.35 7.30-7.35
1938 1938
4.17M 4.14 M
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COSY Correlations — Short Range Proton-Proton Interactions

STANDARDS (CDCI5)

Label
Actual

H-4/H-5
H-5/H-6
H-6/H-7
H-2"/H-3"
H-3"/H-4"
H-4"/H-5"
H-5"/H-6"
H-6"/H-7"
H-7"/H-8"
H-1'/H-2'
H-2'/H-3'
H-3'/H-4'
H-4'/H-5'
H-5'/H-6'
H-6'/H-T7'
H-4"Ca/H-4"Cb
H-1'a/H-1'b
H-4'a/H-4'b
H-3'N/H-4'0
H-5'O/H-6'N
H-1"N/H-2"
H-3"/H-4"a/b

JWH-22
as labeled
Cayman

8.48/7.35
N/D
N/D
7.64/7.51
7.51/7.95
7.89/7.49
N/D
7.46/8.16
4.06/1.91
1.90/2.02
2.01/4.96
4.95/5.71

JWH-203
as labeled
M.L

8.39/7.28
7.28/7.33
7.33/7.36
7.38/7.20
7.19/7.23
7.24/7.28

4.14/1.88
1.87/1.33
1.34/1.29
1.33/0.88

AM-1220
as labeled
Cayman

8.46/7.35
7.35/7.42
N/D
7.66/7.51
7.52/71.97
7.90/7.51
7.52/745
7.47/8.19
N/D

N/D
1.61/1.08
1.09/1.25
4.53/3.84
2.85/2.11

RCS-4 C4 homolog

31

as labeled
Cayman

8.35/7.29
7.29/7.31
7.30/7.39
7.83/6.98

6.98/7.83

4.16/1.85
1.84/1.36
1.35/0.94

AM-2201
as labeled
Cayman

8.47/7.34
7.33/7.38
7.37/7.40
7.63/7.50
7.51/7.95
7.89/7.48
7.49/7.45
7.44/8.16
4.07/1.84
1.84/1.39
1.39/1.64
1.64/4.36

PCT/US2014/035522
JWH-122 "AM-1221"
as labeled AM-2201
Cayman (Impurities)
8.47/7.34 8.48/7.35
7.35/7.37 7.34/7.36
7.36/7.40 7.37/7.40
7.55/7.36 7.64/7.52

- 7.51/7.96
8.06/7.54 7.90/7.50
7.55/7.46 7.49/7.45
7.46/8.23 7.45/8.17
4.05/1.79 4.07/1.84
1.79/1.24 1.84/1.38
1.23/1.27 1.38/1.63
1.28/0.84 1.64/4.36
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Label
Actual

H-4/H-5
H-5/H-6
H-6/H-7
H-2"/H-3"
H-3"/H-4"
H-4"/H-5"
H-5"/H-6"
H-6"/H-7"
H-7"/H-8"
H-17H-2'
H-2/H-3'
H-3'/H-4'
H-4'/H-5'
H-5'/H-6'
H-6/H-7'
H-4"Ca/H-4"Cb
H-1'a/H-1'b
H-4'a/H-4'b
H-3N/H-4'0
H-5'0/H-6N
H-1"N/H-2"
H-3"/H-4"a/b

JWH-081
as labeled
M.L

8.46/7.34
N/D
N/D

7.64/6.82

8.29/7.50
7.52/7.48
7.50/8.30
4.06/1.81
1.81/1.26
1.26/1.28
1.30/0.84

"JWH-122"
JWH-200
M.L

8.52/7.36
7.36/7.44
N/D
7.64/7.51
7.52/7.96
7.90/7.50
N/D
7.46/8.16
4.14/2.69

2.38/3.54
3.54/2.38

32

JWH-250
as labeled
M.L

8.39/7.26
7.25/7.32
N/D
6.87/7.21
7.22/6.92
6.90/7.28

4.11/1.85
1.85/1.28
1.27/1.32
1.32/0.87

PCT/US2014/035522
JWH-210 UR-144
Cayman Cayman
8.49/7.34 8.39/7.27
7.34/7.40 7.25/7.33

N/D 7.32/7.38
7.58/7.38 -
8.12/7.53 -
7.54/7.46 -
7.46/8.24 -
4.05/1.80 4.15/1.87
1.80/1.26 1.89/1.34
1.24/1.28 N/D
1.28/0.84 1.34/0.90
3.18/1.43 -
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Label
Actual

H-4/H-5
H-5/H-6
H-6/H-7
H-2"/H-3"
H-3"/H-4"
H-4"/H-5"
H-5"/H-6"
H-6"/H-7"
H-7"/H-8"
H-17H-2'
H-2/H-3'
H-3'/H-4'
H-4'/H-5'
H-5'/H-6'
H-6/H-7'
H-4"Ca/H-4"Cb
H-1'a/H-1'b
H-4'a/H-4'b
H-3N/H-4'0
H-5'0/H-6N
H-1"N/H-2"
H-3"/H-4"a/b

JWH-019
Cayman

8.46/7.33
7.33/7.39
N/D
7.63/7.50
7.50/7.95
7.95/7.90
7.89/7.49
7.49/7.44
7.44/8.16
4.06/1.80
1.79/1.24
N/D
1.28/1.21
1.23/0.81

RCS-4
(2-methoxy)
Cayman

8.28/7.27
N/D
N/D

6.97/7.40
N/D

7.35/6.95

4.05/1.79

1.79/1.26
N/D

1.26/0.82

33

RCS+4
(3-methoxy)
Cayman

8.29/7.25
N/D
N/D

7.02/7.28
N/D

4.08/1.78

1.79/1.26
N/D

1.24/0.80

PCT/US2014/035522
AM-679 AB-Fubinaca
Cayman Cayman
8.32/7.33 8.33/7.27
7.32/7.38 N/D
7.37/7.40 N/D

- 4.50/2.36
7.92/7.15 -
7.15/7.42 -
7.40/7.37 -
4.10/1.84 -
1.84/1.30 -
1.36/1.29 6.98/7.18
1.31/0.87 -

- 7.18/6.98

- 7.48/4.50

- 2.36/1.07
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Label
Actual
H-4/H-5
H-5/H-6
H-6/H-7
H-2"/H-3"
H-3"/H-4"
H-4"/H-5"
H-5"/H-6"
H-6"/H-7"
H-7"/H-8"
H-1'/H-2'
H-2'/H-3'
H-3'/H-4'
H-4'/H-5'
H-5'/H-6'
H-6'/H-7'
H-4"Ca/H-4"Cb
H-1'a/H-1'b
H-4'a/H-4'b
H-3'N/H-4'0
H-5'0O/H-6'N
H-1"N/H-2"
H-3"/H-4"a/b

XLR-11
Cayman
8.39/7.26
7.26/7.32
7.32/7.34

4.17/1.95
1.94/1.50
1.49/1.73
1.72/4.43

AB-Pinaca
Cayman
8.31/7.27
7.27/741
7.42/7.44
4.49/2.38

4.37/1.94

1.94/1.32
N/D

1.36/0.89

7.46/4.49
2.38/1.06

AKB-48
Cayman
8.37/7.23
7.22/7.37
7.38/7.36
2.18/2.14
2.12/1.73

4.34/1.91
1.91/1.30
1.30/1.35
1.35/0.88

34

AKB-48-5Fluoro
Cayman
8.37/7.23
7.24/7.38
N/D
2.20/2.12
2.13/1.73

4.37/1.98
1.98/1.45
1.42/1.73
1.73/4.42

PCT/US2014/035522

JWH-007 Cayman

8.10/7.42
7.42/7.49
7.49/7.55
7.96/7.49
7.49/7.90
6.98/7.13
7.12/7.17
7.16/7.30
4.11/1.78
1.78/1.36
N/D
1.36/0.90
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COSY Correlations — Short Range Proton-Proton Interactions

HERBS (CDCLs)

Label Name

Possible ID

H-4/H-5

H-5/H-6

H-6/H-7

H-2"/H-3"

H-3"/H-4"

H-4"/H-5"

H-5"/H-6"

H-6"/H-7"

H-7"/H-8"

H-17H-2'

H-27H-3"

H-37H-4'

H-47H-5'

H-4"Ca/H-4"Cb

Mr. Nice Guy
JWH-122 AM-2201
8.48/7.35  8.48/7.35

N/D N/D
N/D N/D
7.55/71.36  7.64/7.51

- 7.52/17.96
8.06/7.54 -

N/D N/D
7.46/8.23  7.46/8.17
4.06/1.80  4.09/1.85
1.79/1.25 1.85/1.39

N/D 1.40/1.65
1.26/0.84  1.64/4.37

Rack City

XLR-11
8.40/7.25
7.2617.32

7.32/7.34

4.17/1.94
1.94/1.50
1.49/1.72

1.73/4.43

JWH-122
8.49/7.35
N/D
N/D

7.55/1.37

8.07/7.55
7.5417.46
7.47/8.24
4.07/1.80
N/D
N/D

1.28/0.85

Sweet Leaf
JWH-250

8.40/7.26
N/D
N/D
N/D
N/D

N/D

4.12/1.86
N/D
N/D

N/D

JWH-210
8.49/7.35
N/D
N/D

7.58/7.38

8.12/7.54
7.5417.46
7.47/8.24
4.07/1.80
1.80/1.26
N/D
1.28/0.85

3.19/1.44

Cloud Nine
XLR-11 UR-144
8.39/7.26  8.39/7.26
7.26/7.33  7.26/1.33

N/D N/D
4.17/1.94  4.14/1.88
1.94/1.48  1.88/1.34
1.49/1.72 N/D
1.73/4.43  1.34/0.89

PCT/US2014/035522
Melon Code Black
JWH-122  JWH-203
8.46/7.34  8.38/7.27

N/D 7.28/7.35
N/D N/D
7.54/7.36 -
- 7.38/7.20
- N/D
8.05/7.53 N/D
7.54/7.46 -
7.46/8.22 -
4.05/1.78  4.14/1.87
1.78/1.24  1.87/1.32
N/D N/D
1.26/0.83  1.33/0.88

H-4 is the hydrogen responsible for the first signature peak/spot, and H-1" is the

hydrogen responsible for the second signature peak/spot. Any other hydrogen within the herein

identified range may be used as the third signature peak/spot.

S is singlet, D is doublet, T is triplet, Q is quartet, M is multiplet, Dd is doublet of

doublets, Dt is doublet of triplets, Td is triplet of doublets, and Br is broad signal. N/D is not

detected.
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WE CLAIM:
1. A method for detecting synthetic indole and indazole cannabinoids having a general

formula I or II in a solid sample known or suspected to contain synthetic indole or

indazole cannabinoids, said method comprising:

adding a deuterated solvent to the solid sample to create a suspension;

mixing the suspension to release the cannabinoid from the solid sample;

subjecting the solvent to a NMR spectroscopy process to produce a sample NMR

spectrum;

detecting the synthetic cannabinoid in the suspension by analysis of the sample
NMR spectrum;

wherein,

said NMR spectroscopy process is one-dimensional proton NMR,
said analysis comprises detection of a first peak between 8.00 and
8.50 ppm, and a second peak between 4.00 and 4.40 ppm, when
hydrogen is present in position 4 of said indole or indazole
cannabinoid,

and

said NMR spectroscopy process is two-dimensional COSY NMR,
said analysis comprises detection of a first spot between 6.5 and 9
ppm, and a second spot between 1.50 and 4.50 ppm, when
hydrogen is present in position 4 of said indole or indazole
cannabinoid;

wherein said method is performed in the absence of chromatography;

and

optionally, quantifying the amount of synthetic cannabinoid.

2. The method of claim 1, wherein said NMR process is one-dimensional proton NMR, said
method further comprising detection of a third peak between 7.30 and 7.90 when H is

present in position 4.
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The method of claim 1, wherein said NMR process is two-dimensional COSY NMR, said
method further comprising detection of a third spot between 1.50 and 4.50 or between
6.50 and 9.00 ppm when H is present in position 4.

The method of claim 1, wherein said method is performed in the absence of at least one
of: thin layer chromatography (TLC), column chromatography, mass spectrometry, or
crystallization.

The method of claim 1, wherein said solid sample comprises a botanical substance.

The method of claim 1, wherein said deuterated solvent is selected from the group
consisting of: D,O, CD;0D, (CD3),SO, CDCls, (CD3),CO, CD;CN, C,Ds0O, C3D;0D, or
CHCl,.

The method of claim 1, wherein said deuterated solvent is selected from the group
consisting of: (CD3)>CO or CDCls.

The method of claim 1, wherein said one dimensional NMR process comprises a proton
program run for a minimum of 32 scans.

The method of claim 1, wherein said two dimensional NMR process comprises a proton-
proton correlation spectroscopy program run for one scan.

The method of claim 1, wherein said method is capable of detecting a synthetic indole or
indazole cannabinoid concentration of less than 0.5 mg per mg of solid sample.

The method of claim 1, wherein said solid sample is from 10 to 100 mg in mass.

The method of claim 1, wherein said synthetic cannabinoid having the formula (III):
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R3

wherein

L is NH, or C;-Cj», straight-chain or branched alkyl, alkenyl, or alkynyl,
nis 0 or 1, when n is 0, the adjacent carbons are directly linked;

R!is C,-C3(CONH,), C5-Cy, alkyl, aryl, cycloalkyl, heterocyclyl, or heteroaryl, having a single
cyclic ring or multiple condensed rings,

wherein the ring may be substituted or unsubstituted;
R* is CH, C(CH3), or N;

R’ is C,-C), straight-chain or branched alkyl, alkenyl, alkynyl, aryl, cycloalkyl, heterocyclyl, or
heteroaryl, having a single cyclic ring or multiple condensed rings; and
R* is hydrogen or NO,.

13. The method of claim 1, wherein said synthetic indole or indazole cannabinoid is selected
from the group consisting of:

38
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JWH-020 JWH-019 JWH-200 JWH-412

3 Qﬁf

JWH 210 MAM-2201 UR-144 XLR-11

%’
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N
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SF-PB-22 F . and ADB-PINACA
14. A method for detecting synthetic indole and indazole cannabinoids in a botanical sample,

said method comprising:

subjecting a suspension comprising a solid botanical sample and a solvent, to an
NMR spectroscopy process to produce a sample NMR spectrum; and

detecting a synthetic indole or indazole cannabinoid in the suspension by analysis of
the sample NMR spectrum;

wherein said NMR spectroscopy process is one-dimensional proton NMR,
said analysis comprises detection of a first peak between 8.00 and 8.50
ppm, a second peak between 4.00 and 4.40 ppm, when hydrogen is present
in position 4 of said indole or indazole cannabinoid.

15. The method of claim 14, wherein said solid sample is from 10 to 100 mg in mass.
16. The method of claim 14, wherein said synthetic cannabinoid having the formula (III):
(11D

40



WO 2014/176542 PCT/US2014/035522

5
wherein
L is NH, or C;-Cj», straight-chain or branched alkyl, alkenyl, or alkynyl,
nis 0 or 1, when n is 0, the adjacent carbons are directly linked;
R!is C,-C3(CONH,), C5-Cy, alkyl, aryl, cycloalkyl, heterocyclyl, or heteroaryl, having a single
10 cyclic ring or multiple condensed rings,

wherein the ring or rings may be substituted or unsubstituted;

R?is CH, C(CH3), or N;

R’ is C»-C straight-chain or branched alkyl, alkenyl, alkynyl, aryl, cycloalkyl, heterocyclyl, or
heteroaryl, having a single cyclic ring or multiple condensed rings; and

15  R*is hydrogen or NO,.

17. The method of claim 14, wherein said synthetic indole or indazole cannabinoid is
selected from the group consisting of:
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18. A method for detecting synthetic indole and indazole cannabinoids in a botanical sample,

said method comprising:

subjecting a suspension comprising a solid botanical sample and a solvent, to an
NMR spectroscopy process to produce a sample NMR spectrum; and

detecting a synthetic indole or indazole cannabinoid in the suspension by analysis of
the sample NMR spectrum,

wherein said NMR spectroscopy process is two-dimensional COSY NMR,
said analysis comprises detection of a first spot between 6.5 and 9 ppm, a
second spot between 1.5 and 4.5 ppm when hydrogen is present in position
4 of said indole or indazole cannabinoid.

19. The method of claim 18, wherein said solid sample is from 10 to 100 mg in mass.
20. The method of claim 18, wherein said synthetic cannabinoid having the formula (III):
(11D
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R3

wherein
L is NH, or C;-Cj,, straight-chain or branched alkyl, alkenyl, or alkynyl,

nis 0 or 1, when n is 0, the adjacent carbons are directly linked;

10 Rlis C,-C3(CONH,), C5-Cy, alkyl, aryl, cycloalkyl, heterocyclyl, or heteroaryl, having a single
cyclic ring or multiple condensed rings,

wherein the ring or rings may be substituted or unsubstituted;
R*is CH, C(CHs), or N;

R’ is C,-C), straight-chain or branched alkyl, alkenyl, alkynyl, aryl, cycloalkyl, heterocyclyl, or

15 heteroaryl, having a single cyclic ring or multiple condensed rings; and
R* is hydrogen or NO,.
21. The method of claim 18, wherein said synthetic indole or indazole cannabinoid is

selected from the group consisting of:
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