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Introduction

For the past ten years, there has been a significant increase in cases of intoxication with new psychoactive substances (NPS). These new substances are often sold on the internet, but also on the street, more often in festive contexts (rave parties, concerts, private parties). It is extremely easy to get them at a low price, but it is impossible to know what is actually bought. It is not uncommon that the active ingredient or the concentration of the product is not mentioned on the packaging. However, even when the active ingredient is indicated, its concentration may be inaccurate or misleading. Contamination with active substances, fake medicines or counterfeit drugs have been described since many years [START_REF] Geyer | Nutritional supplements crosscontaminated and fake with doping substances[END_REF][START_REF] Kintz | LGD-4033, S-4 and MK-2866 -Testing for SARMs in hair : about 2 doping cases[END_REF][START_REF] Peyraud | An epidemic of dystonic reactions in central Africa[END_REF]. The lack of information leads to a large number of intoxication due to errors of dosage or the potentiation of several substances consumed simultaneously [START_REF] Allard | 3-MeO-PCP et 4-MeO-PCP : confusion des isomères et risque majeur de toxicité[END_REF][START_REF] Lahaie | Nouveaux produits de synthèse et Internet[END_REF].

The identification of these substances requires the development of a specific and comprehensive method. However, it is difficult to obtain and purchase the reference standards of all substances. Some are excessively expensive, and some do not even exist in the catalogue of referenced suppliers.

Toxicology laboratories are therefore limited and must adapt to the material they can purchase and try to achieve legal exchanges between colleagues. In addition to the difficulties associated with molecule characterization (identification, quantification, purity), analytical methods used routinely are not always sufficient to firmly identify NPS. For example, liquid chromatography, which is the most widely separative method proposed, may not discriminate positional isomers, such as mephedrone (4-MMC) and 3-methylmethcathinone (3-MMC), which are NPS very commonly abused [START_REF] Maas | Separation of ortho, meta and para isomers of methylmethcathinone (MMC) and methylethcathinone (MEC) using LC-ESI-MS/MS: Application to forensic serum sample[END_REF][START_REF] Jamey | Fatal combination with 3-Methylmethcathinone (3-MMC) and Gamma-Hydroxybutyric Acid (GHB)[END_REF]. In LC-MS/MS, their retention times may be identical as well as their fragmentation pattern. It is therefore necessary to use another method, such as nuclear magnetic resonance (NMR) spectroscopy, gas chromatography coupled with mass spectrometry (GC-MS) or infrared spectroscopy, to discriminate the species.

NMR is a physical phenomenon in which spin bearing nuclei (most commonly 1 H, 13 C, 19 F, 31 P), placed in a strong magnetic field, may absorb and re-emit electromagnetic radiation. This method not only makes it possible to definitively identify a compound, but also to confirm the absence of other organic compounds and to determine the purity of a product [START_REF] Cartigny | 1H NMR urine analysis as an effective tool to detect creatine supplementation[END_REF][START_REF] Richeval | Detection of the designer benzodiazepine flunitrazolam in urine and preliminary data its metabolism[END_REF]. This article focuses on the use of NMR spectroscopy to identify 7 unknown small bags of powders, involved in a complex toxicological fatal case [START_REF] Garnier | NPS: limited information, numerous compounds… The use of NMR to solve a complex case involving 7 powders[END_REF].

Clinical case

A 41-year-old man was found dead at home. His body was lying on the floor with several traces of needle marks. Several small bags of powders and crystals were found near the body, as well as boxes of pharmaceuticals, containing oxazepam, methadone and tramadol. There was no trace of violence or traumatic lesions on the body that could explain his death.

Materials and methods

Chemical

Maleic acid (99.98 %) was provided by Merck (Darmstadt) as TraceCert® quality for quantitative NMR. Deuterated acetonitrile (ACN-d3), deuterated methanol (MeOH-d4), deuterated water (D2O) and deuterated dimethylsulfoxide (DMSO-d6) were purchased from Eurisotop (Saarbrücken).

Nuclear Magnetic Resonance analysis 5 to 10 mg of each powder was completely dissolved in deuterated acetonitrile and deuterated methanol (because of possible low solubility of compounds in acetonitrile). Several spectra were recorded: 1 H, 13 C{ 1 H}, 13 C DEPT135, 1 H-1 H gCOSY, edited 1 H- 13 C gHSQC and 1 H- 13 C gHMBC. In case of fluorinated compound, 19 F and 19 F{ 1 H} NMR spectra were also recorded. Based on the combined analysis of these 1D-and 2D-data and the molecular mass, a structure was established by the operator. This approach has already been proposed in the literature for other NPS [START_REF] Bovens | Structural characterization of new synthetic cannabinoids CUMYL-PINACA, 5F-CUMYL-PINACA, CUMYL-4CN-BINACA, 5F-CUMYL-P7AICA and CUMYL-4CN-B7AICA[END_REF][START_REF] Carlsson | Prediction of designer drugs: synthesis and spectroscopic analysis of synthetic cathinone analogs that may appear on the Swedish drug market[END_REF].

In order to confirm the absence of other organic compounds such as synthetic impurities and to evaluate the purity of each sample, a stock solution of defined concentration (5.0 mg / mL) of maleic acid (Certified Reference Material) in either D2O or DMSO-d6 was prepared and used to prepare a sample of known analyte concentration and a proton spectrum was recorded (10 mg/ mL). The sample purity was defined by the following equation:

= × × × ×
with: Psample: purity of the sample as mass fraction (%) PCRM: purity of the CRM as mass fraction (%) Ianalyte: integral of the analyte signal ICRM: integral of the CRM signal Nanalyte: number of analyte protons NCRM: number of CRM protons Manalyte: molecular mass of the analyte (g/mol) MCRM: molecular mass of the CRM (g/mol) msample: mass of sample (mg) mCRM: mass of CRM (mg)

The NMR spectra were recorded on AVANCE 400 (Bruker Avance III, France) operating at a proton Larmor frequency of 400 MHz equipped with a 5 mm double resonance broad band probe head (BBO+F) probe at 295 K. For quantitative NMR, the 1 H spectra were recorded with 16 scans, a 64-K time-domain data points with 8012 Hz spectral width, an acquisition time of 3409 s, a relaxation delay of 45 s and a flip angle of 90°. The Free Induction Decays (FIDs) were Fourier transformed (0.3

Hz broadening) and the phase and the baseline were corrected. In these measurement conditions, the value of the peak area integrals in the spectrum are directly proportional to the number of corresponding spins (i.e. nuclei) for each compound. This gives direct information about the respective concentration of protons for maleic acid and the compound of interest's sample purity and, using the above equation, direct access to sample purity, independently of the eventual presence of non-organic components [START_REF] Akoka | Concentration measurement by proton NMR using the ERETIC method[END_REF]. The analyses of the spectra were performed using TopSpin 3.5 pl7.

Results and discussion

The 7 powders were identified by NMR and results are presented in Table 1. The compounds were 4chloro-α-pyrrolidinopentiophenone, dibutylone, 4-chloroethcathinone, 4-fluoro-αpyrrolidinohexanophenone, 3,4-methylenedioxy-N-benzylcathinone, 3-methoxy-phencyclidine and αpyrrolidinopropiophenone. The purity of each powder was ranged from 50.8 to 89.5 %. There was no matching between the label and the active ingredient contained in the dispatched bags (Table 1).

This clearly demonstrates the danger in consuming substances bought on the internet, as both identity of the substance and its purity are missing. The following lines describe for each drug the obtained data.

Powder 1

The integration of all proton resonances belonging to powder 1 in the spectrum in MeOD-d4 summed to a total of 20 H (Figure 1 to Figure 4). The 13 C{ 1 H} spectrum led to 12 distinct signals (Figure 5 and Figure 6). The presence of a signal at 196.4 ppm in the carbon spectrum also indicated the presence of at least 1 oxygen atom, while MS's nitrogen rule yielded to an uneven number of nitrogen atoms.

Combined together, the most likely formula was C15H20NOCl for powder 1. The insaturation degree for this formula is 6.

The CH or CH3 nature of the 14.1 and 70.4 ppm 13 C signals were determined by the integration value of their corresponding protons (identified by HSQC, Figure 7 to Figure 9).

The protons attached to the two big sp 2 CH signals around 130 ppm strongly couple with each other (identified by COSY, Figure 10) forming two kinds of doublet that integrate for two protons each ( 1 H spectrum, Figure 2). This indicates a proton and carbon equivalency and is only compatible with our spectrum in case of a para-disubstituted benzene pattern. The high-order nature (at a Larmor frequency of 400 MHz) of these two aromatic proton multiplets (8.12 and 7.64 ppm) is compatible with the electronic effect expected from a chlorine atom directly attached to the ring.

The precise attribution between the {1,3} and the {4,6} sets of signals was possible using the HMBC spectrum (see Figure 8). The strong 3-bond correlation H{1,3} and C8 indicates that the ketone is likely directly correlated to the benzene ring. C8 also displays correlation peaks with the H9 and H11.

Starting from H9, the sequential attribution of the side chain could be obtained by analysis of the 1H, 1 H gCOSY spectrum (Figure 10), and confirmed by the 1 H, 13 C gHMBC (Figure 11). In contrary to the well-defined protons resonances ascribed to the side chain (their complexity arises from the molecule chirality at C5), the remaining proton resonances are broad, probably due to intramolecular impaired rotation. As a consequence, no correlation is seen in the 1 H, 13 C gHMBC spectrum between the protons and carbons of the positions 13, 14, 15 and 16. Nevertheless, 3-bond correlation peaks of weak intensity were detected in the 1 H, 1 H gCOSY spectrum, confirming those broad signals belonging to the same, separate spin system.

The proposed 4-chloro-α-pyrrolidinopentiophenone (4Cl-α-PVP) structure (Figure 12) was confirmed by recording another proton spectrum of powder 1 in DMSO-d6 and compared with the published NMR spectrum of structurally confirmed 4Cl-α-PVP reference material published as a SWGDRUG monograph by the US Department of Justice -Drug Enforcement Administration's Special Testing and Research Laboratory (latest revision: 9/6/2016). The proton and carbon assignments to 4Cl-PVP are summarized in Table 2.

Powder 2

The fine structure of the three proton signals at 6.96, 7.41 and 7.63 ppm (Figure 13 and Figure 14) features the typical pattern for ortho-para-trisubstitution of a benzene ring. The big coupling constant of 8.37 Hz arises from direct neighbours interactions ( 3 J), that is, interactions between H1 and H6 (Table 3). The smaller coupling constant JHH = 1.86 Hz corresponds to long range coupling.

While 4 JHH coupling constants in aromatic rings may be observed in good resolved spectra, the observation at this magnetic field of 5 JHH is much more unlikely, so that the observed coupling is ascribed to interaction between H1 and H3. Due to the double electronic inductive attractive effect of the two neighbouring oxygens, the protons of acetal moiety {H8, H8'} are detected at a high frequency for an aliphatic moiety. This signal displays an unresolved fine structure, probably due to diastereotopy (bent O-CH2-O structure plus chiral center at C11, JH8,H8' <1 Hz). The chiral center in C11 also explains the doublet of doublet pattern of the H11 at 5.04 ppm, the coupling to diastereotopic H12 and H12' being angle dependant.

C resonances could also be ascribed to the structure, using only 13 The proposed dibutylone (Figure 17) structure was confirmed by recording another proton spectrum of powder 2 in DMSO-d6. The proton and carbon assignments to dibutylone are summarized in Table 3. The only difference with the reference data (bk-DMBDB SWGDRUG monograph of the US Department of Justice -Drug Enforcement Administration's Special Testing and Research Laboratory)

is the presence in our spectrum of a broad singlet integrating for 6 protons instead of two, sharp singlets integrating for three protons each. However, addition of maleic acid for quantification led to the modification of the spectrum, mirroring the reference spectrum. In the latter case, the chemical exchange between the 15 and 16 moieties has been slowed enough by protonation of the amine from the maleic acid so that both NCH3 can be discriminated within the NMR timescale. This coalescence phenomenon also occurs in the 13 C{ 1 H} spectrum and is responsible for the ~41 ppm hump, where the C15 and C16 resonance(s) are expected.

Powder 3

The initial 1 H-NMR spectrum of powder 3 indicated that the powder is no pure product, but a mixture of compounds (Figure 18):

• Two species display a typical para-disubstituted phenyl doublet-like pattern.

• The large resonance at 7.68 ppm corresponds to labile protons, probably a rest of base or acid used during the last step of the synthesis.

• A CH3-CH2-X system at 1.29 ppm (triplet) and 2.97 ppm (quadruplet)

• Water

Since the integrals ratios of the last two match (10:7:10, so about 3:2:3) they may belong to the same CH3CH2NH3 + species, which may be one of the reagents for the synthesis of 4-chloroethcathinone (4-CEC).

Powder 3 led to sufficient signal for the recording of a proton spectrum and proton-detected experiments (COSY, HSQC, and, in some extend, HMBC) -Figure 19 to Figure 21). However, 256 scans were in this case not enough to record a decent 13 C{ 1 H} NMR spectrum (spectrum not shown).

Except for the two quaternary C2 and C5 atoms, all carbon nuclei could be detected indirectly (by HSQC and for C8, using HMBC), so we could identify the main compound in Powder 3 unambiguously without recording another dataset using more spectrometer time.

The COSY spectrum of powder 3 (Figure 19) allows the identification of 3 different spins systems for the main compound. The first one, displayed in green, corresponds to the already identified paradisubstituted pattern. The presence of higher order coupling at such a frequency between the two aromatic protons is in line with a chlorine atom directly attached to the phenyl moiety. The black one corresponds to a CH3-moiety directly attached to a CH moiety. The very high field of H9 suggest that, as in powder 1, 2, 4,5 and 7, this CH is directly linked to a nitrogen atom. The red spin system corresponds to a CH2-CH3 moiety. It is noteworthy that the two protons H12 and H12' are diastereotopes (unambiguously identified as a single CH2 using 1 H, 13 C edited HSQC -Figure 20), suggesting a chiral centre in the vicinity (in our case, C9).

Connectivity between the spin systems was achieved by analysis of the HMBC spectrum (Figure 21): three-bond correlation peaks between H{1,3} and C8 on the one hand and C8 and H11 on the other hand are in line with C8 being linked to C3 (through the not detected C2) and C11 (through C9). All taken together, 4-CEC was proposed as a candidate (Figure 22). Proton and carbon assignment to 4-CEC are summarized in Table 4. The integration value of all compound's proton resonances in powder 4's proton NMR spectra amounts to 23 (Figure 23). The broad resonance located at 11.37 ppm is characteristic of a labile proton, in this case an ammonium ion as 4-fluoro-α-pyrrolidinohexanophenone (4F-α-PHP) is probably isolated as an hydrochlorid.

The two 8.11 and 7.31 ppm aromatic resonances integrate for 2 protons each, which is in line with a para-disubstitution pattern of a benzene ring. However, the fine structure of these two proton resonances, hints towards the presence of an additional spin in the spin system, coupling with about 9 Hz with the 7.31 ppm proton and about 5.6 Hz with the 8.11 ppm proton (Figure 24). In the 13 A 19 F atom (in para, or 4 th position of the ring, which could explained the "4F-" in the bag label) was deemed more likely , so two 19 F NMR spectrum were recorded, one with and one without proton decoupling . The complex multiplet in the 19 F NMR spectrum (Figure 27 and Figure 28) confirmed the presence of fluorine in powder 4.

The chemical shift of the carbon bearing the fluorine atom was identified using the HMBC spectrum (Figure 29 and Figure 30). Indeed, C2 intensely correlates with H{3,7} and less intensely with H{4,6}

(two-bond correlation). C8 is found to be a doublet, with a small coupling constant of JCF = 1.4 Hz. This is in line with the ketone being directly attached to the phenyl ring, and in line with the HBMC cross peak between H{4,6} and C8. The sequential interpretation of the COSY spectrum (Figure 31) led to the identification of all resonances belonging to the pentyl sidechain. The corresponding carbon resonances were ascribed using the HSQC spectrum (Figure 32). The protons in position 11 and 17 show strong diastereotopic behaviours, as do H13/H16 and H14/H15. This is due to the stereogenic carbon C10, and, for the pyrrolidinic group, additional impaired intramolecular rotation.

As for powder 1, while no correlation is observed within the pyrrolidinic group in HMBC, cross peaks in the COSY spectrum confirm H13/H16 and H14/H15 belonging to the same, separate spin system.

Correlation between H{11,11'} and C8 in the HMBC support the existence of an C8-C10 bond. The high chemical shift of C10 for a tertiary carbon is also in line with the presence of a nitrogen atom in the direct neighbourhood of C10. This leads to 4F-α-PHP as a candidate. Assignments for proton and carbon resonances are summarized in Table 5. No fluorine signal was detected in 19 F NMR.

3,4-methylenedioxy-N-benzylcathinone (BMDP) shares the same 1-(2H-1,3-benzodioxol-5-yl) core structure as dibutylone. The same pattern of four resonances corresponding to the ortho-paratrisubstituted phenyl and acetal moieties is therefore detected, with similar coupling constants for both compounds. Contrary to powder 2 where H8 and H8' differ lightly in chemical shifts, these two protons can be seen as almost isochronic for powder 5 in DMSO-d6 (Figure 34 and Figure 35).

This leaves five additional aromatic protons, corresponding to four 13 C resonances in a 1:2:2:1 q intensity pattern at δC = 128.9, 128.4, 130.0 and 131.9 ppm. This points towards a mono-substituted phenyl ring, directly attached to an CH2 moiety (correlation peak in HMBC between H{17, 21} and C15 as shown in red in Figure 36 and Figure 37). The chemical shift of C15 suggests that it is directly bonded to a heteroatom, in this case, a nitrogen atom (a CH2 bonded to an oxygen atom would be expected at an even higher chemical shift). Correlation between H11 and H14 in the COSY spectrum corresponds to an -CH(CH3)-moiety (Figure 38).

As for dibutylone, the detection of correlation peaks between the benzodioxyol ring protons H2 and H6 and the carbonyl C10 is in line with a direct connection of the carbonyl moiety to the benzodioxyol core. Correlation between H14 and C10 (HMBC spectrum, Figure 39) allows to link the -CH(CH3)-moiety to the carbonyl moiety. The chemical shift of C11 at δC = 56.9 ppm, suggests that this moiety is directly bonded to a heteroatom, in our case nitrogen, thus leading to BMDP. This connection is confirmed by the examination of powder 5's COSY spectrum: cross peaks are detected between the two labile NHs and both H{15,15'} and H11 (Figure 38). The presence of two resonances integrating for one proton each instead of only one expected labile proton suggests that Powder 5 contains BMDP in salt form, for example as hydrochloride (Figure 40). All proton and carbon assignments to BMDP are summarized in Table 6.

The proposed structure of BDMP was confirmed by recording another 1 H NMR spectrum in DMSO-d6 to match the reference data published as an analytical report by Slovenia's National Forensic laboratory.

Powder 6

The labelling of the bag indicates only "MeO-PCP" (methoxy-phencyclidine). The nitrogen rule applied to powder 6 indicates that its molecular formula contains an uneven number of nitrogen atoms. The spectra of powder 6 was recorded in acetonitrile-d3 (Figure 41 for the 1 H spectrum). The sum of proton integrals amounts to at least 24 (some signals obviously lie under the water resonance).

Examination of the aromatic region of the 1 H spectrum of powder 6 in acetonitrile-d3 led to the exclusion of 4-MeO-PCP as the right candidate because it shows four signals in 1:1:1:1 intensity ratio, which is not compatible with a local C2v symmetry along the {C13-C16} axis. Instead, this 1:1:1:1 motive is consistent with a meta di-substituted phenyl ring. This is in line with the detection of 6 aromatic carbons in the 13 C{ 1 H}-NMR spectrum (Figure 42), two of which being quaternary (see comparison with DEPT135, Figure 43). A correlation peak between H20 and C15 in HMBC (Figure 44) confirms the assignment of the 13 C signal detected at δc = 161.2 ppm, whose chemical shift is consistent with the unscreening effect of a directly bonded oxygen atom. The assignment of {H16 -C16} and {H18-C18} CH pairs respectively to the 7.05 (115.3) and 7.18 (123.0) ppm 1 H doublets ( 13 C singlets) was supported by several considerations:

• An OMe moiety located in ortho position screens considerably more the ipso carbon than if located in para (-14.4 ppm, compared to -7.8 ppm) while aliphatic C-N and bulky substituents such as tert-butyl groups have much smaller effects (<± 4 ppm), similar in intensity for ortho and para positions.

• A correlation peak between H18 and C7 is detected in HMBC. The in the 1 H spectrum overlapping H14 signal which also correlates with C7 is however unfortunately located, so that this correlation peak is only detected as a shoulder of the latter (Figure 45).

• All 1 H NMR chemical shift simulations based on the structure of 3-MeO-PCP using MestreNova® and Chemdraw® chemical shift predictors locate H18 at higher field than H16.

C7 was identified as a quaternary carbon using DEPT (Figure 43). It is quite high chemical shift (δC7 = 71.8 ppm) suggests that one of its substituents is an electronegative atom, probably a nitrogen (in the case of an oxygen, it would be expected at about 80 ppm). The remaining aliphatic carbons (apart from C20) are all CH2 moieties, which hints to (hetero)cycles.

4 out of the 6 remaining carbons display higher intensity than two last, suggesting the presence of a symmetry axis within the ring(s). This is confirmed by the 1 H, 13 C edited gHSQC (Figure 43 and Figure 45), which allows to identify pairs of diastereotopic protons:

• The protons correlated to the carbons at δC = 48.2 and 31.2 ppm unambiguously integrate for 2+2 protons each, confirming that they correspond to 2 equivalent CH2 moieties each.

• The proton correlated to the carbon at δC = 25.7 ppm unambiguously integrates for 1+1 protons.

• The presence of overlaps in the proton spectrum at δH = 1.71 and δC = 1.17 ppm combined with the resolution of our HSQC spectrum along the F1 dimension, which make it difficult to distinguish the remaining three carbons, do not allow to pair the carbons with their respective proton pairs using only HSQC (Figure 45).

• The remaining proton signals integrate for 2:2:3:3 protons respectively, which hints towards three proton pairs of 2+2:2+2: 1+1 intensity respectively. The last one can easily be ascribed to C4 as the only remaining single CH2 (the C4 signal intensity in 13 C{ 1 H} is comparable to the one of C10, and about the half of the two other remaining ones -Figure 46).

On the one hand, the chemical shift of C{2,6} is in line with a neighbouring nitrogen atom. On the other hand, the protons ascribed to H{8',12'} show a correlation to C13 in HMBC (Figure 44), including C7 in a 6-membered ring. Precise attribution within the rings could be achieved by analysing the COSY spectrum (Figure 47 and Figure 48). The proton and carbon assignments are summarized in Table 7.

The proposed structure of 3-methoxy-phencyclidine (3-MeO-PCP) was confirmed (Figure 49) by recording another 1 H NMR spectrum in DMSO-d6 to match the structurally confirmed reference data published as a SWGDRUG monograph by the US Department of Justice -Drug Enforcement Administration's Special Testing and Research Laboratory.

Powder 7

From the content of bag 7 escaped an acrid stench, strongly reminding acetic acid. Acetic acid was indeed detected as main contaminant: in the proton spectrum (Figure 50 and Figure 51 -singlet at 1.96 ppm, presence of a labile H at 11.83 ppm, whose integral hints either to acetic acid or to the protonated form of α-pyrrolidinopropiophenone (α-PPP) as well as in 13 C{ 1 H} NMR (Figure 52) at 19.1 ppm and 170.8 ppm (detected only in HMBC, Figure 53).

The main compound resonances integrals in the proton spectrum of powder 7 in acetonitrile-d3 (Figure 50) sum for 18 (17+1 protons because of an acid pH). 11 resonances ascribed to the main substance of Powder 7 are detected in the corresponding 13 C{ 1 H} NMR spectrum (Figure 52).

The aromatic region of the proton spectrum (Figure 51) shows the typical pattern of a monosubstituted benzene ring: three signals of relative intensities 2:2:1, thus mirroring the local axis {9 -13} of symmetry. This is also the case in the carbon spectrum, where four resonances are detected in the aromatic region, three of which being tertiary carbons (CH), the fourth one being quaternary.

Precise assignment could be achieved, first by taking into account the H13 smaller expected integral, then by analysis of the corresponding parts of the COSY and HSQC spectra (Figures 54 to 56). A cross peak corresponding to the three bond correlation between H{12, 14} and C9 is also detected in the HMBC spectrum (Figure 53). proximity, which is in line with the phenyl moiety being directly connected to C8.

As for powder 1, the diastereotopy of H{3,3'} and H{4,4'} (as well as H{5, 5') and H{6,6'}) arises from the presence of the stereogenic carbon C2. C3, C4, C5 and C6 are all individually detected in 13 C{ 1 H} and DEPT135 as CH2 moieties. Furthermore, the unscreened chemical shifts of C2, C3, C4 on one hand, H2, H{3,3'} and H{4,4'} on the other hand, indicate that C2, C3 and C4 are all directly connected to the nitrogen atom. This is supported by the fact that H2 seems to be three-bond connected to the unscreened C3 or C4 (cross peak at δC= 53. 7 ppm in HMBC).

All assignments are summarized in Table 8.

The proposed structure of α-PPP was confirmed by recording another 1 H NMR spectrum in D2O to match the reference data published as a SWGDRUG monograph by the US Department of Justice -Drug Enforcement Administration's Special Testing and Research Laboratory.

Conclusion

The use of NRM spectroscopy is necessary to collect enough data to identify 7 unknown small bags of powders, involved in a complex toxicological fatal case. Only NMR spectroscopy allows to unambiguously identify the supposed compound, possible remains of chemical reagents, determine the purity when the reference standard is missing and establish with high degree of certainty the chemical structure. Figure 56 -edited 1 H, 13 C gHSQC of powder 7 in acetonitrile-d3.
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  C{1 H} and DEPT135 spectra (Figure15and Figure16) and electronic considerations. Four resonances disappear in the DEPT135, which is in line with the four expected quaternary sp 2 carbons. The 192 ppm resonance is typical a ketone moiety and is therefore ascribed to C10. Chemical shift above 150 ppm occur when sp 2 carbons bear heteroatoms, such as in phenols or O-phenyl esters. This allows to ascribe the 125. 5 ppm resonance to C2. Ketones have an unscreening effect (+4.5 ppm) when in para-position from the considered carbon but an almost no effect when in ortho-or meta-position. Similarly, -OMe moieties have strong screening effects when placed in ortho-or para-position (-14.4 and -7.8 ppm, respectively), but only a small unscreening one in meta (+1 ppm). Combined together, these effects lead to the attribution of the 151.2 ppm resonance to C5 and the 145.8 ppm resonance to C4. Such an analysis leads to a similar chemical shift prediction for C1 and C3: without an 1 H,13 C-gHSQC spectrum, which was not performed due to the easy structure identification, it is not possible to precisely ascribe the 105.1 ppm and 105.9 ppm resonances to C1 and C3.Only two resonances correspond to CH2 moieties. As in the proton spectrum and from the same reason, the acetal is detected at a particularly high chemical shift for an aliphatic carbon, almost in the sp 2 region, at 100.0 ppm. The other CH2 resonance, at 19.4 ppm can be therefore attributed to C12. Similarly, no doubt remains about the respective assignment of the 4.4 ppm and 67.3 ppm resonances to the screened C13 and the nitrogen-neighbouring C11.

The 4 -

 4 CEC structure was confirmed by recording another proton spectrum of powder 3 in DMSO-d6 and compared with the published NMR spectrum of structurally confirmed 4-CEC reference material published as a SWGDRUG monograph by the US Department of Justice -Drug Enforcement Administration's Special Testing and Research Laboratory. Powder 4

  C{ 1 H} NMR spectrum (Figure 25), only three aromatic resonances, out of four expected resonances, are detected: one being a quaternary carbon, the two others being sp 2 CH. However, in spite of the 1 H decoupling, these 3 signals at 132.4, 132.5 and 116.8 ppm all come as sharp doublets with decreasing coupling constants, which is in line with an I=1/2 heteroatom with 100% natural abundancy (either 19 F or 31 P, considering chemical stability) being directly bound to the benzene ring (Figure 26).

Powder 5 Since

 5 powder 5 in acetonitrile-d3 led to a set of overlapping of signals from different spin systems in the aromatic region (Figure33for the 1 H spectrum in ACN-d3, COSY spectrum in ACN-d3 not shown) and overall low intensity leading to missing signals for all spectra involving13 C, another solvent was chosen. DMSO-d6 was selected because of the risk of signal overlap for the 4.93 ppm signal with the expected 4.87 ppm signal of methanol.
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 112 Figure 1-1 H NMR spectrum of powder 1 in MeOD-d4
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 346 Figure 3 -Zoom of the higher frequency part of the aliphatic region of the 1 H spectrum of powder 1 in MeOD-d4

Figure 7 -

 7 Figure 7 -1H, 13C edited gHSQC of powder 1 in MeOD-d4. Red dots correspond to CH and CH3 moieties while CH2 cross peaks are depicted in blue.
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 819 Figure 8 -1 H, 13 C gHMBC of powder 1 in MeOD-d4
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 101 Figure 10 -1 H gCOSY spectrum of powder 1 in MeOD-d4.
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 11 Figure 11 -Zoom of the 1 H gCOSY spectrum of powder 1 in MeOD-d4.
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 12 Figure 12 -Structure of 4-Cl-α-PVP
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 14 Figure 14 -Zoom on the aromatic region of the 1 H NMR spectrum of powder 2 in D2O.
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 15 Figure 15 -13 C{ 1 H} NMR spectrum of powder 2 in D2O.
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 16 Figure 16-Comparison between the DEPT135 and 13 C{ 1 H} NMR spectra of powder 2 in D2O.
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 17 Figure 17 -Structure of dibutylone
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 20 Figure20-1 H,13 C edited gHSQC of powder 3 in acetonitrile-d3.
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 21 Figure 21 -1 H, 13 C gHMBC of powder 3 in Acetonitrile-d3.
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 22 Figure 22 -Structure of 4-CEC
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 24 Figure 24 -Zoom on the 8.5-7.0 ppm region of the 1 H NMR spectrum of powder 4 in acetonitrile-d3.
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 25 Figure 25 -13 C{ 1 H} NMR spectrum of powder 4 in acetonitrile-d3

Figure 27

 27 Figure 27 -19 F{ 1 H} NMR spectrum of powder 4 in acetonitrile-d3

Figure 30 -

 30 Figure30-Zoom on the aromatic region of the 1 H,13 C gHMBC spectrum of powder 4 in acetonitrile-d3.

Figure 31 - 1 H

 311 Figure 31 -1 H gCOSY NMR spectrum of powder 4 in acetonitrile-d3.

Figure 32 - 1 H

 321 Figure32-1 H,13 C edited gHSQC spectrum of powder 4 in acetonitrile-d3.

Figure 33 - 1 H

 331 Figure 33 -1 H NMR spectrum of powder 5 in acetonitrile-d3.

Figure 34 - 1 H

 341 Figure 34 -1 H NMR spectrum of powder 5 in DMSO-d6.

Figure 35 -

 35 Figure 35 -Zoom of the 8.0 -7.0 ppm region of the 1 H NMR spectrum of powder 5 in DMSO-d6.

Figure 36 - 1 H

 361 Figure36-1 H,13 C gHMBC of powder 5 in DMSO-d6.

Figure 37 -

 37 Figure37-Zoom on the 1 H,13 C gHMBC of powder 5 in DMSO-d6.

Figure 38 - 1 H

 381 Figure 38 -1 H gCOSY of powder 5 in DMSO-d6.

Figure 39

 39 Figure39-1 H,13 C edited gHSQC of powder 5 in DMSO-d6.

Figure 40 -

 40 Figure 40 -Structure of BMDP

Figure 43 -

 43 Figure 43 -Comparison of DEPT135 and 13 C{ 1 H} NMR spectra of powder 6 in acetonitrile-d3.

Figure 44 - 1 H

 441 Figure44-1 H,13 C edited gHSQC spectrum of powder 6 in acetonitrile-d3

Figure 46 -

 46 Figure 46 -Zoom on the aliphatic region of the 1 H NMR spectrum of powder 6 in acetonitrile-d3.

Figure 47 - 1 H

 471 Figure 47 -1 H gCOSY spectrum of powder 6 in acetonitrile-d3.

Figure 48 -

 48 Figure 48 -Zoom of the aliphatic region of the 1 H gCOSY of powder 6 in acetonitrile-d3.

Figure 49 -

 49 Figure 49 -Structure of 3-MeO-PCP

Figure 51 -

 51 Figure 51 -Zoom on the aromatic region of the 1 H NMR spectrum of powder 7 in acetonitrile-d3.

Figure 52 -

 52 Figure 52 -13 C{ 1 H} NMR spectrum of powder 7 in acetonitrile-d3.

Figure 53

 53 Figure53-1 H,13 C gHMBC of powder 7 in acetonitrile-d3.

Figure 54 -

 54 Figure 54 -Zoom of the aromatic region of the COSY spectrum of powder 7 in acetonitrile-d3

Table 1 : Identification of 7 powders, by 1H-NMR and purity

 1 

	1	A-PVP	4-chloro-α-pyrrolidinopentiophenone (4Cl-α-PVP)	81.2
	2	Ethyl	dibutylone		59.6
	3	4-MCC	4-chloroethcathinone (4-CEC)		82.0
	4	4-MPH	4-fluoro-α-pyrrolidinohexanophenone (4F-α-PHP)	87.7
	5	MPEP	3,4-methylenedioxy-N-benzylcathinone (BMDP)	50.8
	6	MeO-PCP	3-methoxy-phencyclidine (3-MeO-PCP)	72.9
	7	X	α-pyrrolidinopropiophenone (α-PPP)	89.5
	Atom numbering	δH (ppm), multiplicity	δC (ppm)
	1, 3		8.13 ppm, m, 2H	130.8 ppm, s, 2CH
	4, 6		7.66 ppm, m, 2H	131.8 ppm, s, 2CH
	9		5.47 ppm, m, 1H	70.4 ppm, s, 1CH
	13, 13', 16, 16'		3.43 ppm, broad, 1H 3.71 ppm, broad, 2H 3.13 ppm, broad, 1H	52.6 ppm, s, 1CH2 55.6 ppm, s, 1CH2
	14, 14', 15, 15'		2.25 ppm -2.18 ppm, m, broad, 4H	23.4 ppm, broad s, 2CH2
	11, 11'		2.07 ppm, m, 2H	31.6 ppm, s, 1CH2
	17, 17'		1.31 ppm, m, 1H 1.21 ppm, m, 1H	17.7 ppm, s, 1CH2
	18		0.90 ppm, t, J=7.3 Hz, 3H	14.1 ppm, s, 1CH3
	2		-	133.3 ppm, s, 1 Cq
	5		-	142.1 ppm, s, 1 Cq
	8		-	196.4, s, 1 Cq=O

Table 2 -Attribution of 1H and 13C signals to 4Cl-α-PVP for powder 1 in MeOD-d4.

 2 

	Atom numbering	δH (ppm), multiplicity	δC (ppm)
	8, 8'	6.05 ppm, s, 2 H	100.0 ppm, s, 1 C
	15, 16	2.87 ppm, broad s, 6 H	Detected as very broad signal ~41 ppm, 2 CH3
	11	5.04 ppm, dd, JHH = 3.96 Hz, JHH=6.30 Hz, 1 H	67.3 ppm, s, 1 CH
	12, 12'	2.07 ppm, m, 2 H	19.4 ppm, s, 1 CH2
	13	0.74 ppm, t, JHH = 7.55 Hz, 3 H	4.4 ppm, s, 1 CH3
	10	-	192.0 ppm, s, 1 Cq=O
	2	-	125.5 ppm, s, 1 Cq-C
	4	-	145.8 ppm, s, 1 Cq-O
	5	-	151.2 ppm, s, 1 Cq-O
	1	7.63 ppm, dd, JHH=1.87 Hz, JHH=8.37 Hz, 1 H	124.1 ppm, s, 1 CH
	3	7.41 ppm, d, JHH=1.86 Hz, 1 H	105.1 ppm, s, 1 CH and 105.9 ppm, s, 1
	6	6.96 ppm, d, JHH=8.37 Hz, 1 H	CH 1

Table 3 -Attribution of 1H and 13C signals to dibutylone for powder 2 in D2O

 3 

Table 4 -Attribution of the 1H and 13C NMR chemical shifts to 4-CEC for powder 3 in Acetonitrile-d3.

 4 

	Atom numbering	δH (ppm), multiplicity	δC (ppm), multiplicity	δF (ppm)
	Labile H/NH+	11.34 ppm, broad s, 1H	-	-
	4,6	8.11 ppm,	132.9 ppm, d, JCF = 9.9 Hz, 2 CH	-
	3,7	7.31 ppm,	117.2 ppm, JCF = 22.6 Hz, 2 CH	-
	10	5.18 ppm,	68.4 ppm, s, 1 CH	-
	13, 13' or 16, 16'	3.76 ppm, broad m, 1H 3.16 ppm, broad m, 1H	53.5 ppm, s, 1 CH2-N	-
	16, 16' or 13, 13'	3.63 ppm, broad m, 1H 3.09 ppm, broad m, 1H	54.5 ppm, s, 1 CH2-N	-
	14,14' or 15, 15'	2.06 ppm, m, 2H	24.3 ppm, s, 1CH2	-
	15, 15' or 14, 14'	2.13 ppm, m, 2H	24.5 ppm, s, 1CH2	-
	11, 11'	2.05 ppm, m, 2H	30.5 ppm, s, 1 CH2	-
	17, 17'	1.39 ppm, m, 1H 1.14 ppm, m, 1H	27.6 ppm, s, 1 CH2	-
	18, 18'	1.22 ppm, m, 2H	23.1 ppm, s, 1 CH2	
	19	0.77 ppm, t, JHH = 7.1 Hz, 3H	13.8 ppm, s, 1 CH3	-
	2	-	167.5 ppm, d, JCF = 257.8 Hz, 1 CqF (HMBC)	-
	5	-	132.8 ppm, d, JCF = 2.3 Hz, 1Cq	-
	8	-	195.8 ppm, d, JCF = 1.4 Hz, 1 Cq=O	-
	1	-	-	-104.5 ppm

Table 5 -Attribution of the 1H and 13C NMR chemical shifts of 4F-α-PHP in powder 4 in Acetonitrile-d3 Atom numbering δH (ppm), multiplicity δC (ppm), multiplicity Labile H (NH/NH2+) 10.24 ppm, broad s, 1H - Labile H (NH/NH2+)

 5 

		9.41 ppm, broad s, 1H	-
	19	7.40 ppm, m, 1H	128.9 ppm, s, 1CH
	6	7.53 ppm, d, JHH=1.8 Hz, 1H	107.6 ppm, s, 1CH
	3	7.13 ppm, d, JHH=8.2 Hz, 1H	108.3 ppm, s, 1CH
	2	7.69 ppm, dd, JHH=1.8 Hz and JHH=8.3 Hz, 1H	125.5 ppm, s, 1CH
	{18,20}	7.41 ppm, m, 2H	128.4 ppm, s, 2CH
	{17,21}	7.57 ppm, m, 2H	130.0 ppm, s, 2CH
	11	5.19 ppm, m, 1H	56.9 ppm, s, CH
	15, 15'	4.20 ppm, d, JHH = 13.1 Hz, 1H	48.7 ppm, s, CH2
	14	1.52 ppm, d, JHH = 7.1 Hz, 3H	16.2 ppm, s, CH3
	8, 8'	6.20 ppm, m, 2H	102.4 ppm, s, CH2
	16	-	131.9 ppm, s, Cq
	1	-	127.4 ppm, s, Cq
	5	-	148.2 ppm, s, Cq-O
	4	-	152.7 ppm, s, Cq-O
	10	-	193.9 ppm, s, Cq=O

Table 6 -Attribution of 1H and 13C NMR signals of BMDP for powder 5 in acetonitrile-d3

 6 

	Atom numbering	δH (ppm), multiplicity	δC (ppm)
	1,3	8.00 ppm, m, 2 H	129.9 ppm, s, 2 CH
	4,6	7.58 ppm, m, 2 H	128.7 ppm, s, 2 CH
	9	4.97 ppm, q, JHH = 7.1 Hz, 1 H	56.9 ppm, s, 1 CH
	11	1.59 ppm, d, JHH = 7.1 Hz, 3 H	14.7 ppm, s, 1 CH3
	{12, 12'}	3.10 ppm, m, 1 H 2.99 ppm, m, 1 H	40.5 ppm, s, 1 CH2
	14	1.39 ppm, t, JHH = 7.2 Hz, 3 H	10.0 ppm, s, 1 CH3
	5	-	1 Cq, not detected
	2	-	1 Cq, not detected
	8	-	195.9 ppm, s, 1 Cq=O

Table 7 -Chemical shifts assignments to 3-MeO-PCP for powder 6 in acetonitrile-d3

 7 

	Atom numbering	δH (ppm), multiplicity	δC (ppm), multiplicity
	Acid H of acetic acid / NH +	11.83 ppm, broad s, 1H	-
	11, 15	7.99 ppm, m, 2H	129.8 ppm, s, 2CH
	13	7.71 ppm, m, 1H	135.6 ppm, s, 1CH
	12, 14	7.57 ppm, m, 2H	130.2 ppm, s, 2CH
	2	5.15 ppm, p, JHH= 7.1 Hz, 1H	65.0 ppm, s, 1CH
	3, 3' or 4, 4'	3.77 ppm, m, 1H 3.14 ppm, m, 1H	53.2 ppm, s, 1CH2
	4, 4' or 3, 3'	3.68 ppm, m, 1H 3.07 ppm, m, 1H	53.7 ppm, s 1CH2
	5, 5' and 6, 6'	2.06 ppm, m, 4H	24.6 ppm, s, 1CH2 24.5 ppm, s, 1CH2
	7	1.64 ppm , d, JHH= 7.2 Hz, 3H	16.3 ppm, s, 1CH3
	9	-	134.7 ppm, s, 1Cq
	8	-	196.7 ppm, s, 1Cq=O
	CH3-of acetic acid	1.96 ppm, s, 3H	19.1 ppm, s, 1CH3
	C=O of acetic acid	-	170.8 ppm, s, 1(Cq=O)O

Table 8 -Chemical shifts assignments to α-PPP for powder 7 in acetonitrile-d3

 8