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Kykeon Analytics 7&%@9&

— Benchtop NMR — QMSA/HifSA — Cosmic Truth — Workflow and Conclusions

Harm reduction

w1, g
_’Q\_ :
SUNSCREEN BICYCLE HELMET SEATBELT

- Reduce risks and harms associated with a
behavior

- Multidisciplinary approach

- No value judgment: Pragmatic perspective
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Kykeon Analytics KYKEON

ANALYTICS

— Benchtop NMR — QMSA/HifSA — Cosmic Truth — Workflow and Conclusions

Substance testing

- Allows for informed decision making

- Dosage and purity / adulterants

- Drug market adapts to prohibition

- Multiple techniques available — Lab based or in situ
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Kykeon Analytics %m—ﬁffgg

— Benchtop NMR — QMSA/HifSA — Cosmic Truth — Workflow and Conclusions

Kykeon Analytics

Public service initiative to provide analytical services to
people and organizations at no or low cost

- Use of FTIR, LC-MS and NMR
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Kykeon Analytics 7&%@9&

— Benchtop NMR — QMSA/HifSA — Cosmic Truth — Workflow and Conclusions

Market analysis — “legal” shops

zzzzzzzzzzzzzzzzzzzz

3-FMP Research Stimulant
N O G M E E R e L
INGREDIENTEN

Compound To Research

Let op: Professor.nl s niet geinteresseerd in, en verkoopt geen, 3-MMC of Alpha- Methylphenidate HCL habits in Mammals
PHP.
Onze naam wordt misbruikt bij de in- en verkoop van verboden middelen. Research has shown an improved half life and Legal modified tropane Molecule which Mimics
‘We zullen ons nooit bezig houden met de in- of verkoop van verboden middelen. longer duration. It is available a white HCL

Properties Of The Original Molecule.
Berichten met deze verzoeken negeren wij. powder. &

- Variety of Novel Psychoactive Substances

- Sold as “not for human consumption” for legal reasons

- Useful for building our database

- Variable content, sometimes high purity, sometimes potentially lethal
adulteration/mislabeling
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— Benchtop NMR — QMSA/HifSA — Cosmic Truth — Workflow and Conclusions

Other harm reduction organizations

Raman Spectroscopy [
lon Trap-Mass Spectrometry [N
Ultra High-Performance Liquid Chromatography I
Fourier Transform Infrared Spectroscopy NG
UltraViolet-Visible Spectroscopy I
Liquid Chromatography Mass Spectrometry [N
High-Performance Liquid Chromatography NG
e Thin Layer Chromatography I
Gas Chromatography Mass Spectrometry I

Reagent test kits

0 2 4 6 8 10 12 14 16 18

- 30+ organizations worldwide, most use simple reagent kits and/or TLC
- Difficult to identify new trends with less advanced techniques

- Kykeon offers help with analysis of unknowns, establishing libraries and training
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ANALYTICS

— Benchtop NMR — QMSA/HifSA — Cosmic Truth — Workflow and Conclusions

In situ analysis — Summer festivals

a?ﬁkx% et

- Very high demand

- High effectiveness — Research shows most people with adulterated substances
throw them away

- Use of TLC, FTIR, HPLC and potentially benchtop NMR
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Why create this database? %

Introduction — — QMSA/HifSA — Cosmic Truth — Workflow and Conclusions

e Lucky to have a benchtop NMR available

e How to include it most efficiently in our routine analysis?

? 2

'New Sample —>_—>_—> Publish Results
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1S3
Why create this database? %

Introduction — — QMSA/HifSA — Cosmic Truth — Workflow and Conclusions

e Lucky to have a benchtop NMR available

e How to include it most efficiently in our routine analysis?

New Sample}—>_—>_—> Publish Results

e Stumbled upon Cosmic Truth and the concept of quantum mechanical spin analysis

e Game changer for benchtop NMR as a dereplication tool in routine (forensic) analysis
(one-step identification and quantification)

New Sample — QEESliil=lile ReNENTiile=\ile @ —> Publish ResultsJ
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Benchtop NMR ANALYTICS
— QMSA/HifSA — Cosmic Truth — Workflow and Conclusions

Introduction —
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: KYKEON
Forensics and Benchtop NMR? A‘<NALYTICS

Introduction — — QMSA/HifSA — Cosmic Truth — Workflow and Conclusions

Quality Control / Forensics / Routine Analysis = mainly Dereplication
Requirements:

- easy sample preparation v’

- quantitative v (X = only if no signal overlap)

- quick (analysis time, no external calibration) v’

- 100 % reproducible v

- unambigious identification X
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: KYKEO
Forensics and Benchtop NMR? ﬁAm.g

Introduction — — QMSA/HifSA — Cosmic Truth — Workflow and Conclusions

Quality Control / Forensics / Routine Analysis = mainly Dereplication
Requirements:

- easy sample preparation 4

- quantitative v (X = only if no signal overlap)

- quick (analysis time, no external calibration) v’

_ v Impossible with
- 100 % reproducible conventional spectral
analysis!!!

- unambigious identification X >

(especially for
multi-component mixtures)
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Magic numbers? 7&%@9&

Introduction — Benchtop NMR - — Cosmic Truth — Workflow and Conclusions

* (ppm), (Hz) are extremely reproducible
* (ppm), (Hz) are instrument/field independent

* (ppm), (Hz) can be extracted from NMR spectra

NMR spectra can be calculated from é (ppm), J (Hz)

(ppm), (Hz) are natural constants (under defined experimental conditions)

= § (ppm), J (Hz) + w12 (Hz) bound to analyte and NMR experimental conditions
by Quantum Mechanical principles

—»> provide computational acess to fully replicate experimental spectra
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Quantum mechanical spectral analysis — HifSA profile ANALYTICS

Introduction — Benchtop NMR - — Cosmic Truth — Workflow and Conclusions

Calculated spectra are unique molecular fingerprints (“Profiles”)

P

~ Essential NMR parameters (4, J, w12) have to be correct and complete!

—> Determination of these parameters (and thus of profiles) via Quantum mechanical
spectral analysis

—> lterative process:

'H iterative functional Spin Analysis (HifSA)
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H iterative functional Spin Analysis — Profile building %

Introduction — Benchtop NMR - — Cosmic Truth — Workflow and Conclusions

" INPUT )

NMR Prediction
Prior Knowledge

H,* T
N 0]
T |
0 » Starting

Molecular Values
Structure

Experimental

Spectrum
. _
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H iterative functional Spin Analysis — Profile building ﬁ%&‘.’(ﬁi

Introduction — Benchtop NMR - — Cosmic Truth — Workflow and Conclusions

" INPUT )

Hy, = Ey,
NMR Prediction Calculated
Prior Knowledge Spectrum alculate
- Spectrum
Calculation

H,* T
)\(\@i% Spectral
o , Starting Comparison

Molecular Values A
Structure

Experimental

Spectrum
. _
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'H iterative functional Spin Analysis — Profile building

Introduction — Benchtop NMR -

KYKEON

ANALYTICS

— Cosmic Truth — Workflow and Conclusions

" INPUT )

HLlJn =E l'IJn
NMR Prediction
Prior Knowledge Spectrum Calculated
T Calculation Spectrum
H,*
/NY\©:O> Spectral
O , Starting Comparison
Molecular Values
Structure
Optimized Minimize: Degi|v/a§:;/es
i 0, J, wiz SQ = 2(0,,,(i) -
Experimental o (i)

\ Spectrum )
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'H iterative functional Spin Analysis — Profile building

" INPUT )

NMR Prediction
Prior Knowledge

o
o

Introduction — Benchtop NMR -

» Starting

Molecular
Structure

Experimental

\ Spectrum )

Values

Optimized
6; Jr W12

Hy, = E y,

Spectrum
Calculation

Minimize:
SQ = 2(0,,,(i) -
()cal(i))2

KYKEON

ANALYTICS

— Cosmic Truth — Workflow and Conclusions

Calculated
Spectrum

Spectral
Comparison

Derivatives
ol / oP

scheme adapted from M. Niemitz

4 Output

Perfect
Fit

L
UL

Actual 5, J

Consistency
Assessment

Quantitation

g

~

4/
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Cosmic Truth (CT) — Profile database %

Introduction — Benchtop NMR — QMSA/HifSA — — Workflow and Conclusions

Cosmic Truth - https://ct.nmrsolutions.io/ (Sign up)

Web browser based software to perform HifSA, build profiles and evaluate
NMR data!
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Cosmic Truth (CT) — Profile database S{JEF.(?}?;

Introduction — Benchtop NMR — QMSA/HifSA — — Workflow and Conclusions

Cosmic Truth - https://ct.nmrsolutions.io/ (Sign up)

Web browser based software to perform HifSA, build profiles and evaluate
NMR data!

Profile database building:

* Profiles for simple molecules built from 100 MHz data in automation with CT
* More complex molecules require high field 1TH NMR spectra (>400 MHz)
* — high field profiles converted into low field profiles via CT

* Profiles saved in CT and imported into Mnova Database

Building an innovative database for the simultaneous identification and quantification of NPS via benchtop NMR — Steffen Breinlinger, Rafael Sacramento — 28.03.2023 | 20
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NPS Profile database v0.1 %

Introduction — Benchtop NMR — QMSA/HifSA — — Workflow and Conclusions
Tryptamines ~ Phenethylamines | Cathinones  Arylcyclohexylamines =~ Diverse
400 MHz data 400 MHz data 400 MHz data 400 MHZz data
Ibogaine v
NEP HCl v
~ DMXE v 5-MMPA /
3F-PCP v
FXE v 1,4-DMAA -
5-FDCK 4 Isopropylphenidate 4
3-MeO-PCP 4
Flubromazolam v
4-HO-DPT v “Synthetic Cannabinoids Troparil v/
MET v 4F-MPH v
DPT v THJ-2201 4
EPT v JWH-210 4
4-AcO-MET 4 5-Br-ADB-INACA 4
44H§O“$ “; T T — d1 40s, aq 4.4s, Pulse 90°, sw 20 ppm
Points 8896 --> zf to 64k = dr 0.02
4-HO-DET v ADB-BUTINACA v ns 32 scans
4-HO-DET 4 Gain 25 (1/3 of max)
4-AcO-EPT v T 306K
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Cosmic Truth — Profile database TALVTICS

Introduction — Benchtop NMR — QMSA/HifSA — — Workflow - Challenges — Conclusions

(@] O B 2 https://cth.nmrsolutions.fi/analysis-v/An4U-yJLOIMnwREGV?

h s’ &

1D _1H 20230314 001 127 Flub.. -

Intensity

1D_1H_20230314_001_127_Flub.. - i [ flubromaz Ha @
) (Fis (Fa) (H I

Goupling Similarity

flubromazolam_ 21930924 can.sdf

006 J R LB i M
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Cosmic Truth — Profile database AV TIC:

Introduction — Benchtop NMR — QMSA/HifSA —

1D_1H_20230314 001 127 Flub..-1H 1 Wy 7

— Workflow - Challenges — Conclusions
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Data Manager & Import
Own_ Shared Al '
tgLF X
% Type Name Solvent

1D_1H_20230314_001_127_Flubromazolam_26.4 ## DMS0-d6

Created: 03/14/2023 3@, Modified: Last Tuesday at 11:48 PM SQ
1D_1H_20221130_006_#046_4-HO-MiPT-Fumar ## DMSO-d6
Remarks:
Tags: [ARaEiEy Y TryptamineX Add
Source:
B B
Created: 03/13/2023 3(/ Modifiect Last Monday at 30g PM 3(/
1D_1H_202303:4_002_021_5—Meo-DALT_2.7mgI DMSO-d6
Remarks: - 1S: Maleic Acid --> influence on shifts. Extra Profile.
> Tags: ([IFEEIELY [OUARTR) Add.
Source:
N =
Created: 03/16/2023 é(/ Modified: 03/17/2023 .ﬁ(/
1D_1H_20221130_014_#115 5-CLDMT_01565M_# DMSO-d6
Remarks:. manually Phased
Tags: [EEREIERY TryplamineX| Add
Source:
N >
Created: 03/16/2023 \3(/- Modified: 03/16/2023 \'k
1D_1H_z0230306_ooo_og0_3-FEA-HCL 28.19my ## DMSO-d6
Remarks:
~ Tags: [BEREiEry PhenethylamineX| Add.
| Source:
o =
Created: 03/16/2023 :K,. Modified: 03/16/2023 f(,
1D_1H_20230310_003_114_5-Br-DMT_3g03mg- # DMSO-d6
Remarks:
— Tags: [MEREICY TryplamineXC Add..

Source:

Modified

4days ago

5days ago

8days ago

gdays ago

g days ago

12 days ago

@ro

©sr0

@re

@sr0

Qro

Import Data

New Analysis

Name:

Remarks:

Drag and drop your files here,

*
e
¢

MJL_’

10_1H_20230321_o00_#021_5-Me0-DALT_151mg_#120_Caffeine_12mg_z1032023

- Spinsystem from Anrw6aYgQysveVL Sz_KTpl

- Caffeine as Intemal STD

=

“New Analysis Data
O Type = Name
O ‘J.IJJ.[ H 1D_1H_20230321_ocoo_#021_5-MeO-DALT_151m #
O " 5-meo-dalt_s0878551_babel sdf ra
O ” Caffeine 4
O ﬂ' DMSO-d5 V4
O ‘ H20 rd

Solvent

DMSO-d&

DMSO-d6

DMSO-d6

DMSO-d6&

DMSO-d6

4

Modified

5 minutes ago
5 minutes ago
5 minutes ago
5 minutes ago

5 minutes ago

Qs
s
Qs
os
Qs

X X X X X



Tools

Filter.
Mode § Name Population $
[> s Caffeine 23381
[> I+ DMSO-ds 43558
[> s Hz20 4477
[> ) 5-meo-dalt_508785 28584

5-meo-dalt_50878551_babel sdf

20 3 5 J R 4 & |

WLRMS
# @ o658
£ @ o401
# O, 0461
# @ 0674

b

f},\ \)\<

\

.

\

\

1D_1H_20230321_000_#021_5-M...

1D_1H_20230321_000_#021 5-M.-1H | Wy 7

3

30+

—

___g-meo-dalHisQ
Fib )

(FE)




Toaols

1,2 104 0
Fioma

Filter..
Mode §
b g

Pl
"~

P ]
L+

Pl
=~

oo o0

Caffeine
2D 3D

Name:
Remarks:
Source:

Created:
Modified:

Tags:
CtKey:

Solvent:
Temperature:
pH:

Purity:
Sicentration:
Weight:

Volume:

S5Type:

Alypes
InChl key:

Formula:

Name Population
Caffeine 23381
DMSO-ds 43558

Hz20 4477

5-meo-dalt_508785 28584

5§ J R 1+ & i

INFO

Caffeine

Today at &:z0 PM(K)

Today at 8:20 PM(K)

Add
SsfgbYHdclLUHDXzackyLE6M
DMSC-d6&

306.0 K

70

100.000 %
NotDefined
12.000 Mg

o6coml
Calibrant v

Current
RYYVLZVUVIVGH-UHFFFAQYSA-N
CaH.~0O-N.

WLRMS
# @ 0658
# @ o401
# @ ou7
# @ 0546

AR

AR BRI

1D_1H_20230321_000_#021_5-M.. - 1H

1D_1H_20230321_000_#021 5-M..-1H | Wy ?

Wi Iy,
\l! |
i ! ‘r
! |l

10

|
T
7

" ll|’,""|'|'|\' .'Wll

pPpm



Tools

Coupling Similarity

1D_1H_20230321_000_#021_5-M... - 1H

5-meo-dalt_50878551_babel.sdf
2D 3D 6 J

Name: 5-meo-dalt_s0878551_babel.sdf
Remarks:

Source:

Created: Today at 139 PM(¥)

Medified: Today at 143 PM| &

Tags:

CtKey: SsX6lxoKgsIXHnNczzTzlA
Solvent: PMSO.-d6

Thinperature: 3060K

pH: 70

Purity: 97.513 %

Concentration: 24.641 mg/ml

Weight: 14785 mg

Volume: 0.60o mlL

SSiyps Solute

AType: Output

InChl key: HGRHWEAUHXYNNP-UHFFFAOYSA-N
Formula: CiHz20Nz

MW: 270.370

Ref. MW MW

Field strength: 2.36849

R 4+ @

74

72

66

64

PPM

56



Routine Analysis Workflow

NO '—{ HiFSA Profile available? }

Introduction — Benchtop NMR — QMSA/HifSA — Cosmic Truth —

New Sample

FTIR

Preliminary

identification of
main compounds

]
| RC / Classic drug

\
1H NMR Spectrum
Benchtop 100MHz NMR

High field data necessary to build profile? ‘

T

YES

YES

NO ——{ Establish HiFSA profile via Cosmic Truth }—-

qNMR: + Internal Standard
Benchtop 100MHz NMR

]

Acquire HF 1H spectrum (if
necessary + COSY, HSQC)

Identification + quantification
via Cosmic Truth

KYKEON

ANALYTICS

I Ethnobotanicals, plant extracts (Ayahuasca etc.) l

| Pills, Blotters, Opiates, LSD-Analogues |

LC-MS

Identification of main and minor constituents

YES

Reference standard
available?

Calibration curve with
reference standard

|

NO

Use closest related
compound as surrogate

LC-MS

Quantification of mayor active constituents

Compare and interpret FTIR, LC-MS and NMR
results

LC-MS
Estimate quantities of mayor active
constituents

| Publish Results |
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Routine Analysis Workflow — Acknowledgements KYKEON

ANALYTICS

Introduction — Benchtop NMR — QMSA/HifSA — Cosmic Truth —

New Sample

FT]..R Acknowledgements

Preliminary
identification of
main compounds

i ! * Kykeon Analytics Team for funding,

| RCICIaTsic drug support and opportunities

1H NMR Spectrum

Benchtop 100MHz NMR « Matthias Niemietz and whole team of

No [ HiFsAProfiloavailable? | YEs CT for the privileged access to their
software as well as their continous
High fed “K"‘ profiar_| support with all our questions
YES NO ——| Establish HiFSA profile via Cosmic Truth }—~ qgl\en:ch:(::tﬁag?\:lS:a;;:'d ) )
] * Nanalysis for their customer support
Acquire HF 1H spectrum (if Identification + quantification
necessary + COSY, HSQC) via Cosmic Truth

* Friends and families

Compare and interpret FTIR, LC-MS :
results

| Publish Results
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