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High-quality spectra

1D H, 13C, DEPT

2D COSY

2D HSQC / HMBC ...
2D J-Resolved / DIAG
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H

High-quality spectra HC | g H
CH314 N— 1 13’
1D 1H, 13C, DEPT : | i2en
N ,N\10\ 7 z 12
H H
2D HSQC / HMBC ... /);Q// OI:IQHQ' H1q H11
4 2~
2D J-Resolved / DIAG é'ﬁo
Extract information 200 bt g MeOD
Pt MEOIL DN BHYIOFSYIvdE BeA3rmiain R385 99 nn A H i i8035 85898 3RRRRRRANRARA RS’ A
" " —_—_— e T T e N\
Chemical shifts
] 'H NMR (600 MHz, Methanol-ds) & 4.82 (d, J =217 Hz, 1H), 4.03 (qd, J= 6.5, 1.3 Hz, 1H), 3.76 —
.68 (m, , 3. ,J=13Hz, , 3. , , 3. ,J=1.6 Hz, ,3.08 (ddd, /= 10.3,
Scalar couplings S A S T S a5 I 2 2 A 1. 212 e 13082,
: . z, 1H), 2. ddd, J=13.7, 1z, 1H),|1. ,J=9.1, 6. z, 2H), 1. ddd, J = !
2D correlations 2.3,‘?.2 o, 1538 (aﬁd,fll?gfg.%ﬁz Ho L, 197 @I €2 e 31D 119 (= é”li?ggm) ‘j‘ldg)
7 (qdd) 10 (ddddH1311 (tdd)| |H11' (dddd)
. . 3.72 2.62 1ﬂ 2.12 1.52
Share information 1/(dd) 5 (qd)| 4 (dd)|  |[H13 (ddd) 14 (s)||H (ddd) HO' (ddg)
S 't 't 4.82 4.03 3.66 3.08 2137 2.00 1.3%
pec romeler H18' (td)| [H12 (m) sld)
NMR technician 134 1.79 1by
Chemist
Supervisor ' .
Editor @ e
Reviewer S & % S & o o
= S N = O O
. \—|‘ ‘ \—! ‘ ‘ | ‘ OI \ﬁ o 'H \—II ' :
PUb“Sher 5i0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0

f1 (ppm)

Reader / user
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Jo-(E)-4-Hydroxysenecioyloxy-6f-angeloyloxytropane (1): color-

High-quality spectra less oil; [ —6.25 (McOH, ¢ 0.04); UV (McOH) Auax (log ) 220
nm (2.6): "I NMR and ""C NMR, see Table 1: Rlyy = 2492.4; EIMS
1D 1H, 130, DEPT m/z (rel int) 337 [M]7 (1), 320 (1). 238 (3). 222 (5), 138 (12), 122
28), ¢ 2).
2D COSY [;‘\8 )l(j‘ Table 1. NMR Spectroscopic Data (300 MHz, CD;CD, 0 in ;7)..
236 | ppm) for Compounds 1—3 Obtained Using Capillary NMR o
2D HSQC / HMBC ... (CisHas) i 2 3
2D J_Resolved / DIAG position O’ OH " o u O’ Oy
| 61.4CH 3.76 s 619 392s  60(F 4025
2 I37CH,... 234« 334 239brs 243 brs
i i CH,., 94 « 2025 2.29-231brs
EXtraCt Informatlon 3 61.3CH 508, €38 S.10=s 62.5¢ 5.11 -
4 323CHY -
Chemical shifts Ciy
5 66.9 CH
Scalar couplings 2 ol
. CH,
2D correlations §  300CH{
9 65.5"qC
10 1:.4(‘lll ;
11 60.5 qC
- . 12 659 CH;
Share information e
‘); (1‘7.4 t|&
Spectrometer 012713 o8
NMR technician 12 194 CHs - — ,
] 13 6.1 CH;» 201 s 6.3 1.95s 20.2 1.955
Chemlst 7 "B;N:..I on HSQC. ” Based on standard "C NMR spectra nu:.lsurm,’ in
. CDCls for the isomer mixture (iscmer subfraction). © Based on HMEC.
Supervisor — ——
Editor Jeannerat, D., Human- and computer-accessible 2D correlation data for a
Reviewer more reliable structure determination of organic compounds. Future roles of
Publisher researchers, software developers, spectrometer managers, journal editors,

reviewers, publisher and database managers toward artificial-intelligence

Reader / user analysis of NMR spectra. Magn. Reson. Chem. 2017, 55 (1), 7-14.
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NMR record
Spectra sdffile
g ) AT e
‘ M M Chemical shifts, couplings,) Structure PR
integrals =
1D 'H ntes H “j\/
[ H Chemical shifts, > H\!/ j/OMe
, D‘3C signals intensities oH
o ",0 ............................
o | . list of crosspeaks > Assigned
COSY/NOESY NMReDATA o
0 (see details
. . below)
K J list of correlations >
HSQC/HMBC - 4

1. Pupier, M.; Nuzillard, J.-M.; Wist, J.; Schldrer, N. E.; Kuhn, S.; Erdelyi, M.; Steinbeck, C.; Williams, A. J.; Butts, C.;
Claridge, T. D. W.; Mikhova, B.; Robien, W.; Dashti, H.; Eghbalnia, H. R.; Farés, C.; Adam, C.; Kessler, P.; Moriaud,
F.; Elyashberg, M.; Argyropoulos, D.; Pérez, M.; Giraudeau, P.; Gil, R. R.; Trevorrow, P.; Jeannerat, D., NMReDATA,

a standard to report the NMR assignment and parameters of organic compounds. Magn. Reson. in Chem. 2018.
DOI: 10.1002/mrc.4737
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benzo(a)pyrene rT1()I
demo of .sdf file containing NMReDATA -
test generationVl 1
20024 0 0 0 0 0 0 0 0999 v2000

-1.6583 2.2334 0.0000 C o 0o 0 0 0 0 0 0 O o0 o0 O
-0.6633 3.1556 0.0000 C o 0o 0 0 0 0 0O 0 0 0o o0 O
-1.3753 0.8191 0.0000 C o 0 0 0 0 0 0O 0 0 0o o0 O
0.7234 2.7603 0.0000 C o 0 0 0 0 0 0O 0 0 0o o0 O
0.0000 0.3848 0.0000 C o 0o 0 0 0 0 0 0 O 0o o0 O
2.6960 -0.4398 0.0000 C o 0o 0 0 0 0 0 0 0 0o o0 O
-0.5264 -3.3746 0.0000 C o 0 0 0 0 0 0 0 0 0o o0 O
-3.1687 -2.4653 0.0000 C o 0 0 0 0 0 0O 0 0 0o o0 O
-1.5724 -4.2723 0.0000 C o 0o 0o 0 0 0 0 0 0 0 o0 O
-2.9104 -3.8155 0.0000 C o 0o 0 0 0 0 0 0 O 0o o0 O
1 2 2 0 0 O
1 3 1 0 0 O
2 4 1 0 0 O
3 5 1 0 0 O
1317 1. .0 0 O
14 16 2| 0 0 O
1719 2 0 0 O
1820 2 0 0 O
1920 1 0 O O
M END

> <NMREDATA_SOLVENT>
cdcl3

> <NMREDATA TEMPERATURE> : L. |
298.15 2018 Workshop on Chemical Information
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Z2ZC
Z2ZC
Z2ZC
Z2ZC
Z2ZC

13
14
15
16
17

lax
2ax
2eq
5ax
5eq

HVIER SRR R 2

>
Doi

NMREDATA WVERSION>
.l
NMREDATA

eno

[D>
do.1146869

Tag
Tag name

Tag content

Record=http://zenodo.org/record/1146869/files/samplel.zip

>
CDC
>
0\

>
1,
2,
H3,
3,
H4,
4,
5,
H6,

NMREDATA BOLVENT>

NM

REDATA LEVEL>

23.
1
50.

3.
71.
45.

1.

NMREDATA ASSIGNMENT>
: \
3

..'
1445, 2\

.1301,

1583,
4302,
5891,
0568,
4444,

.6232,
.9331,

H1?

|

22935

- 2A536 . HSK\
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Assigned NMReDATA  compound1.nmredata.sdf

T AN

‘
e
S OH

4 27

H,C” e

Hs

| NMRE \
NMRE 10 1
1.1301, S=ddd, L=H9ax, E=42.3746, J=12.76, 9.90, 3.05,2.72
3.4302, S=dddd, L=H10ax, E=28.9715, J=10.90,9.90,4.80,4.50
1.4444, S=ddqdd, L=H8ax, E=27.4764, )=12.00,12.00,6.58,4.00,3.00

.-

C3/Me3
C4/H4ax
C4/H4eq
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> <NMREDATA 1H>
Larmor=500.133088507\

Pulseprogram=zg30

Spectrum Location=file:AN-menthol/10/pdata/1/\

1.1301, S=dddd, L=H3, E=42.3746, J=12.76,9.90,3.05,2.72\
3.4302, S=dddd, L=H4, E=28.9715, J=10.90,9.90,4.80,4.30\
1.4444, S=ddtdd, L=H6, E=27.4764, J=12.00,12.00,6.58,4.00,3.00\
2.1895, S=ddd, L=H9, E=42.6060, J=7.02,6.90,2.72\

> <NMREDATZ 13C>
Larmor=125.7 63831\
Pulseprogram=deptl35 ;optional in V1\

Spectrum Location=file:AN-menthol/12/pdata/1l/\

> <NMREDATA 2D 1H NJ 1H>
Larmor=500.13\
CorrType=COSY\

Pulseprogram=cosygpmfph?
Spectrum Location=file:dj menthol/21/pdata/1l/\

H9/H3\
H3/H4\
H12/H4\
H5ax/H4\

H5eq/H4\

2018 Workshop on Chemical Information
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> <NMREDATA 1D 1H>
Larmor=500.133088507\
Pulseprogram=zg30

Spectrum Location=file:AN-menthol/10/pdata/1/\

. U . . . . .
3.4302, S=dddd, L=H4, E=28.9715, J=10.90,9.90,4.80,4.30\
1.4444, S=ddtdd, L=H6, E=27.4764, J=12.00,12.00,6.58,4.00,3.00\
2.1895, S=ddd, L=H9, E=42.6060, J=7.02,6.90,2.72\

> <NMREDATA 1D 13C>
Larmor=125.770363831\
Pulseprogram=deptl135 ;optional in V1\

Spectrum Location=file:AN-menthol/12/pdata/1/\

> <NMREDATA 2D 1H NJ 1H>
Larmor=500.13
CorrType=COSY\
Pulseprogram=cosygpmfph?

H3/H4\
H12/H4\
HS5ax/H4\

H5eq/H4\

2018 Workshop jon Chemical Information
117 /114 \
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Assigned NMReDATA

compound1.nmredata.sdf

NMREDATA J T

NMREDATA WSSIGNMENT N\

H,C™ JCH; C4, 34.5669,
C5,23.1445,. 2
1.1301
CIpn.1583, 3
10ax, 2.4302, 20
C10,715891,4
(C6,45.0568, 5
yd
[ (
rREl 1D_1
1.1301 P=ddd, L=42.3746, J=12.76, 9.90, 3.05,2.72
Q R CORD 3.4302, S=dddd, L=H10ax, E=28.9715, J=10.90,9.90,4.80,4.50
1.4444, S=ddqdd, L=H8ax, E=27.4764, )=12.00,12.00,6.58,4.00,3.00
[ NMRE]| \ i
[ El | |
= C3/Me3
Desired redundance and ety
= C4/H4e
complementarity .
\ J
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Label / 6 / Atom number
> <NMRE DATA_AS SIGNMENT>

1, 34

2, 23.
H3, 1.
3, 50.
H4, 3.

4, 71
5, 45

H6, 1.
6, 31.
H7, O.

7, 22
H12,

.5669, 1\

1445, 2\
1301, (&)
1583,
4302, H4

.5891, 4\
.0568, 5\

4444, H6
6232, 6\
9331, H7

2293, 7\

1.3536,

H9, 2.1895, H9
9, 25.8422, 9\

H10,

0.8311,

10, 16.1017, 1

H11,

0.9493,

11, 20.9880, 1

Hleq,
Hlax,
H2ax,
H2eq,
H5ax,
H5eq,

R O L, O O K

.6822,
.8630,
.9933,
.6293,
. 9535,
.9844,

\

\

\

\

H8\

\

H10\

0\

H11\

1\

12\
13\
14\
15\
16\
17\

3\ When H atoms are implicit add “H”...
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Label / 6 / Atom number

> <NMREDATA ASSIGNMENT> > <NMREDATA J>

1, 34.5669, 1\ H3, H2ax, 12.8\
2, 23.1445, 2\ H3, H2eq, 3.0\
H3, 1.1301, H3\ H3, H4, 9.9\

3, 50.1583, 3\ H3, H9, 2.7\

H4, 3.4302, H4\ H4, H12, 4.8\

4, 71.5891, 4\ H4, H5ax, 10.9\
5, 45.0568, 5\ H4, H5eq, 4.5\
H6, 1.4444, H6\ H6, H7, 6.6\

6, 31.6232, 6\ H6, Hleq, 3.0\
H7, 0.9331, H7\ H6, Hlax, 12.0\
7, 22.2293, 7\ H6, H5ax, 12.0\
H12, 1.3536, HS8\ H6, H5eq, 4.0\
H9, 2.1895, H9\ H9, H10, 7.0\

9, 25.8422, 9\ H9, H11, 7.1\
H10, 0.8311, H10\ Hleq, Hlax, 12.8\
10, 16.1017, 10\ Hleq, H2ax, 3.3\
H11, 0.9493, H11\ Hleq, H2eq, 3.2\
11, 20.9880, 11\ Hleq, H5eq, 2.2\
Hleq, 1.6822, 12\ Hlax, H2ax, 12.0\
Hlax, 0.8630, 13\ Hlax, H2eq, 3.3\
H2ax, 0.9933, 14\ H2ax, H2eq, 13.0\
H2eq, 1.6293, 15\ H5ax, H5eq, 12.1\
H5ax, 0.9535, 16\

H5eq, 1.9844, 17\
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Assigned NMReDATA  compound1.nmredata.sdf

3 CH; B NMREDATA_J

8 Hd4ax, Hdeq, 12.75
10 H4ax, H5ax, 12.00
5 OH H4aq, H5eq, 3.30

4 iz .. NMREDATA ASSIGNMENT N\
N
H.C 2CH3 C4, 34.5669, 1
C5, 23.1445, 2
H9ax, 1.1301, 29
NMREDATA TEMPERATURE f{?'o 5°~‘35§§£ ©
o ax, 3.
T ’ ’
NMREDATA_SOLVEN €10, 715801,4
CDCL3 C6, 45.0568, 5
[ NMREDATZ \
NMRBEDATA 1 |
1.1301, S=ddd, L=H9%ax, E=42.3746, J=12.76, 9.90, 3.05,2.72
3.4302, S=dddd, L=H10ax, E=28.9715, J=10.90,9.90,4.80,4.50
1.4444, S=ddqdd, L =H8ax, E=27.4764, )=12.00,12.00,6.58,4.00,3.00
[ NMREI w |
[ El | |
C3/Me3
C4/H4ax
C4/H4eq
\ J
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Z2ZC

13

M lax

M ZZC 14 2ax

M ZZC 15 2eq

M ZZC 16 5ax

M ZZC 17 5eq

M END

> <NMREDATA VERSION>
1.1\

> <NMREDATA ID>

Doi=10.5281/zenodo.1146869

Record=http://zenodo.org/record/1146869/files/samplel.zip

> <NMREDATA SOLVENT>
CDC13\

<NMREDATA LEVEL>

>

0\

>
1,
2,
H3,
3,
H4,
4,
=y

<NMREDATA ASSIGNMENT>

34.
23.
1
50.
3.
71.

5669,
1445,

.1301,

1583,
4302,
5891,

.0568,
4444,
.6232,
.9331,

1\
2\
H3\
3\
H4\
4\
5\
H6\
6\
H7\

H1?2 1

22935

-\
I\

- 2A536 . HSK\
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ZZ2C 13 lax

M

M ZZC 14 2ax

M ZZC 15 2eq

M ZZC 16 5ax

M ZZC 17 5eq

M END

> <NMREDATA VERSION>
1.1\

> <NMREDATA ID>

> <NMREDATA SOLVENT>
CDC13\

> <NMREDATA LEVEL>
0\

> <NMREDATA ASSIGNMENT>

1,
2,
H3,
3,
H4,
4,
>,

34.
23.

1
50.

3.
71.
45.

5669,
1445,

.1301,

1583,
4302,
5891,
0568,

.4444,
.6232,
.9331,

1\
2\
H3\
3\
H4\
4\
5\
H6\
6\
H7\

H1?2 1

22935

-\
I\

- 2A536 . HSK\
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Validation of 6

NMRShjftpB

.

17 yeu Jogin, woor Quics Chesk results wil be ava able |ater!

DeBEDH XEOHE  Zdwdo

0 H

Ve c
|~"‘ ‘

[; Q

B s

F

=)

Cl

B

|

A

W B I
fmgzece | Do ocle gslan e ciiinmy

Croose ar MNCcva malcorsd T & (Mhova L1 or newer) ¢ Chamlraw r«l file with abels
grimes.. Setle ceecied,

C1o03e 5 Topse n e file a¢ dira 8 CMC-<~ =aguit! Erowss. %o e seixchec.

Coonas e SMREDATA T 0 pranse NOCE T

http://nmrshiftdb.nmr.uni-koeln.de/

1D spectra 2D spectra

Atoam
No.

. |

r

9
-0

17 veur structuse has mare aems, trarsfar 1o get rore fields
wiveniarice | atorm, iF 2 enply i will Be Tl ad in automatically

-y
=2

139 Shift

IEn <efpuntaarona

E

@O0 31 10, At 3 sl

. ——————— 4nef uncranced ﬂ 1.26
O20 34 80, JiT: 5 22

LRI R TR T B 23.35 soup o anged B 1.50
LRI R TR T B oC.45 soup un anged B 1.1£
SRR WS T B T1.10 moup ur ianged B 3.8
4eCp uUNznarges B45.3S 43eE Uz anged B 1.=7
<ecpunznarges E 22.25 43ep unc anged B 0.95
<ecpunznarcec [ 2575 azepuncanced [ 2.16
<ecpunznarcec ) * 18.55 arepuncianced [ ¢ 0.38
<ecpunznarcec o) ¢ 18.55 <>ep unctanced H = 0.38

Submit 13C

nput 15t Inout format
ehifea for aven
aaaignmare, farmes
Tika:

S56.2¢

6£4.10

rultipiiciky apkionnl

AH shit

Caer unanneed ﬂ 3.67

<ner uncaangedd ﬂ 1.44

Submit *H
rpwt hst: Input format

Shifta fer antn
aasignment, “‘ermat 1kn:

Sh.7

e

Fntnr diaataveatopis patve
e tnia:
R
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Validation of 6

... with assignment of J, can reproduce 2nd order effects

Refinement + Validation of 6

OH

13(;sat. !

6(1)=1.1286 0(17)=0.9928 4(19)=0.9719  §(18)=0.948)=0.

1 1 1 1 1
1.15 1.1 1.05 1 0.95

SPINACH : Kuprov, I., Large-scale NMR simulations in liquid state: A tutorial. Magn. Reson. Chem. 2017.
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Validation of 6
... with assignment of J, can reproduce 2nd order effects

Refinement + Validation of 6
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MSpin-JCoupling : Navarro-Vazquez, A.; Santamaria-Fernandez, R.; Sardina, F. J., MSpin-JCoupling. A modular program for prediction of scalar
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couplings and fast implementation of Karplus relationships. Magn. Reson. Chem. 2017.
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Validation of 2D J correlations using Logic for Structure Determinatin (LSD)
(COSY, HSQC, HMBC, etc.)
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LSD : Nuzillard, J. M.; Plainchont, B., Tutorial for the structure elucidation of small molecules by means of the LSD software. Magn. Reson. Chem. 2017.
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Compatible software and web service
Working software and tools
Supported

Software Operating _ A Examples

Product/tool Developer Version | NMReDATA NMReDATA NMR Record
Platform system ] of output

versions
| , Stefan : :
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Database + visualisation + assignment tool + ...
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Compatible software and web service

Announced Software & tools

Software ) ) NMA Examples of
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Platform Record output
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Need Visualizer/Validator
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Need tutorial

Explicit H when possible/known

Watch for “conventional” explicit information
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Improve work when exploiting spectra
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Improve work when exploiting spectra
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IUPAC, CODATA, FAIRness
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Conclusion

Mometum -
Board of advisers / deciders
Support / Certification (free for non-profit....)

& RECORD

Pupier, M.; Nuzillard, J.-M.; Wist, J.; Schlorer, N. E.; Kuhn, S.; Erdelyi, M.; Steinbeck, C.; Williams, A. J.; Butts, C.;
Claridge, T. D. W.; Mikhova, B.; Robien, W.; Dashti, H.; Eghbalnia, H. R.; Fares, C.; Adam, C.; Kessler, P.; Moriaud,
F.; Elyashberg, M.; Argyropoulos, D.; Pérez, M.; Giraudeau, P.; Gil, R. R.; Trevorrow, P.; Jeannerat, D.,
NMReDATA, a standard to report the NMR assignment and parameters of organic compounds. Magn. Reson. in
Chem. 2018.
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