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NMR szilard fazisban

Igen széles jelek, mert a meghatdrozd kélcson-
hatdsok a .solid state” NMR spektrumokban:

-dipole-dipole (homo-, heteronukledris)
csatolddds (direct, through space)

*kémiai eltolodds anizotropidja
*quadrupolar kélcsonhatdsok
(csak quadrupolar magokndl)

A kémiai eltolédasok irdnyfiiggésének (Ac anizotrépia) valamint a téren
keresztiili homo- és heteronukledris dipoldris csatolasok jelkiszélesitd
hatdsanak elnyomdsa

McConnell egyenlet: Ac o (y-%,) (1- 3c0s2@)/R3;  : mdgneses szuszceptibilitds
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A cirkdnia mintatarté (rotor) elhelyezkedése a szildrdfdzisi méréfejben



Minta bevitel/kivétel MAS méréfejbe

Mintatarto (rotor)
atméré max. forgasi sebesség

HR MAS probes with sample insert/eject capability

1.3mm: 67 kHz T@
2.5mm: 35 kHz N
3.2mm: 24 kHz N

4.0mm: 15 kHz
7.0mm: 7 kHz

H%: | éﬁ MAS stator

rf coil holder
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MAS stator in magic angle position MAS stator in vertical position

HR-MAS-NMR Spektroszkdpia
(High-Resolution-Magic- Angle-Spinning)
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Chemical

Shift Anisotropy

Nagy kémiai eltolédds tartomdnyd magok, spin 1/2

B,

g >

P1C)()(:'(§P*2'qui2

static 400 MHz 13C spektrum glycin

(por, proton lecsatolt)

15 kHz
COOH NCH,
MAS . .
i A MAS forgatds hatdsa a
19 kHz -
| | glicin (H,N-CH,-COOH)
keresztpolarizdciéval (CP)
és protonlecsatoldssal
9 kHz felvett szildrdfdzisd 3¢
| | y
NMR spektrumdra
5 kHz l i A forgatdsi sebesség na-
A A -
gyobb legyen mint az dtla-
golni kivdnt kélcsénhatds.
3.5 kH
S B O
statikus
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H — 13C mdgnesezettség dtvitel keresztpolarizdciéval (Cross Polarisation)

. —AE abundant
N(felso) kT zl—AE/szl—l'E spins
N(also) 2n kT (e.g. H)

Azonos 'H és 13C betsltottséghez eltérd

(spin)-hémérséklet tartozik: pl.: rare slpins
°C
1By _rcBy (g O
e Mo = % =g e Meleg tartaly — hideg tartaly
p

Y+ giromégneses hanyados, YH/yC=4/1

v 1
Iz =f/7CTH T, =Z300K =75K o=7B Yu'B#yc'B

//H
Hartmann-Hahn rezonancia feltétel:
b 4

By
Tr-B1(TH) = y¢-By(3C)

B

Hartmann-Hahn Spinlock-Experiments

Keresztpolarizacio (CP)

[H]

Laboratériumi
koordinatarendszerben

® =7YBy
Y™ 47
Frekvenciak (energiaszint-kllonbségek)
eltéroek
Forgé
koordinatarendszerben -
YuB1n= 1cBic Hartman-Hahn

Az energia dllitasaval a 3C
rezonanciafrekvenciaja az 'H
rezonanciafrekvenciajaval
egyenlévé tehetd
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Keresztpolarizacio (CP)

Oy = YuBy
Vg = Ve
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Glycin polimorfok 13C CP/MAS spektruma

0
e\
g OH

carboxyl .
glycine
e y_gly(:ine LSRN Liadl M Ll Ml i
178 176 ppm 45 44 43 42 ppm
kulénbségek:
-chemical shift
-linewidth
-interaction with N
178 176 ppm (x—glycme 45 44 43 42 ppm
2éo 2‘40 22‘0 zéo 1g0 1&0 140 120 100 80 60 40 20 0 -2‘0 P;‘/m (Spektru mok nem

méretaranyosak)

400MHz spectrometer, spinning speed 15 kHz
o - and y -glycine crystallised from water or 5% aqueous acetic acid, resp.

High Resolution NMR in the Solid State

13C CPMAS spectra of Cortisone acetate,
500 MHz; C,3H3,04

L &
Static no H decouplingmw/\M“

Static with 'H decoupling
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Cortisone Acetate: Discrimination of Polymorphs

13C CP/MAS spectra of cortisone acetate

AL

JJJM i Formm | J mf“nes:
H‘ H Form | ]J l 2 non-equivalent

L e | |l

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm

400 MHz spectrometer, spinning speed 15 kHz, measurement time ~ 40 min

Cortisone Acetate: Discrimination of Polymorphs

| chemical shifts differ for all 4 forms |

Form IV

Form Il
doubling of lines:

Form I 2 non-equivalent
lattice sites

Form |

ﬁ kaM (spectra not
drawn to scale)
7‘0 6‘5 6‘0 5‘5 5‘0 4‘5 4‘0 3‘5 3‘0 2‘5 2‘0 1‘5 ppm‘

13C CP/MAS spectra, expanded view on 75 - 10 ppm region



Cortisone Acetate: Identification of Polymorphs

as

purchased mixture of form I and II

Cortisone Acetate as purchased:

Jd

|
Il w

13C CP/MAS spectra, expanded view of 75 - 10 ppm region

pm

(spectra not
drawn to scale)

Cortisone Acetate: Identification of Polymorphs

Cortisone Acetate in tablet

(pharmaceutical formulation):

tablet identified as form 1II
most of active
ﬂ l J J | Jl substance lines
[T A T —— n " w By are resolved with
repect to
excipient lines

Form Il

T T T T T T T T T T T T T T T T T T T T 1 (spectra not
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm
drawn to scale)

13C CP/MAS spectra, full view
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Cortisone Acetate: Characterisation of Polymorphs

| 13C-1H MAS-]-HMQC spectrum of cortisone acetate, form III ‘

13C CP/MAS
I 1 l . ——  spectrum

. Fl-projection

13

3
4
5
3
7
8

T T T T
220 200 180 160 140 120 100 80 60 40 20 ppm

400 MHz spectrometer, spinning speed 13.717 kHz, contact time 400 ps

Cortisone Acetate: Characterisation of Polymorphs

| 13C-1H MAS-J-HMQC spectrum of cortisone acetate, form III ‘

12 13C CP/MAS
) «—— spectrum

) / F1-projection

expanded view of 13C 27 ppm - 12 ppm region
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Cortisone Acetate: Characterisation of Polymorphs

| 13C-1H MAS-]-HMQC spectrum of Cortisone Acetate, form III ‘

13 13C CP/MAS
spectrum

. Fl-projection

T T T T T
128 127 126 125 124 123 ppm

expanded view of 13C 128 ppm - 122 ppm region

Iminodiacetamid Ph‘N[CH2CON(C6H11)2]2
ionofor cink komplexe

Cotry )
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170 160 0 140 I}‘IV 12¢ 65 60 5
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W Komplex és szabad iminodiacetamid ionofér

———— w| CP MAS 13C NMR spektruma

|
Ph-ortho ) § L = G. Téth, B. Balazs, Gy. Horvath, D. Magiera, H. Duddeck,
= 00 <o - 1. Biter : J. Incl. Phen. Macr. Chem. 43, 145 (2002)
|
| Lot Kristdlyban deformdcid folytdn

megsziinik a centrdlis szimmetria
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Kalix[4]arének sztereokémidja

Upper Rim

kalix[4]arén konikus :
konformere Lower Rim

Stabil konformerek

Bitter I., Griin A., Csokai V.,
Téth 6., Baldzs B., Horvdth Gy.

Kénikus Részlegesen kénikus 1,2-Alterndlé 1,3-Alterndlé

CP-MAS NMR Spektroszkopia
(Cross-Polarisation-Magic- Angle-Spinning)

NH HN
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F.Benevelli, J.Klinowski, |.Bitter, A. Griin, B.Balazs, G.Tc')th*: J.Chem.Soc.,Perkin Trans. 2, 1187, (2002)
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5 vegyiilet 1,3-alterndlé konformerének 13C CP MAS spektruma

.P" helicitds .M" helicitds

9 ArCH,Ar
HNC=0
¢, .0Pr OCH, CHy— CH;
4x OCH,
Ca-OCH,
4x

Control of Spagetti cooking by NMR

Art of Cuisine

Patlent  nestie (id-unknown, study=1) Study - sean 211 inage 11
e iy

Effect of cooking time
(Was ist al dente?)

1) dry

2) 1 min.

3) 3 min.

4) 5 min.

5) 10 min.
300MHz 7T

Method: 3D Spin Echo MRI
Data matrix: 128 x 128 x 32

FOV: 5x5x15mm
Resolution: 39 x 39 x 468 um
TR: 200 ms

TE: 2ms

SWH: 100 kHz

Averages: 1
Total time: 12 min
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Control of Ripening process of cheeses by NMR

Tyrosine is

tyrosene converted to - -
0.002500 phenyl i.c .aCids ’": .
A determining the
0.002000
z ,// \\ taste of the
g 0.001500 = s h
gneese.
£ 0.001000 Phenylalanine is
b 0.000500 not converted,
Concentration
0.000000 . . .
0.00 20.00 40.00 60.00 80.00 100.00 increases with aging.
weeks phenylalanine
Beemster Gouda cheese 0otz
Different ripening stages 001 ==
gOOOB
HR-MAS spectra NOESY-presat | = .://
400MHz spin rate 4.5 KHz 2 0000
~ 5 minutes per sample " ooz
0

0.00 20.00 40.00 60.00 80.00 100.00

weeks

Hatdrozza meg a CH30 csoport helyét a 3.64 ppm-nél besugdrzott
NOE differencia spektrum (c) alapjdn!

H,—COOH
c CH30 @ 3]
N
|
H
8Hz 2Hz
aH 6.98V—\
3.77s H 3.64s
CH;0. CH,—COOH
3a 3
b 6.74dd 7a 2
| H N" H
T T T T T 7.03s
': 7.1 7.0 6.9 6.8 . v 2H 7.15dH H
L e 5-metoxi-3-indolilecetsav
. “ | N

, . = Oldészer: CDCl;+CD;0D
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Végezze el a 13C jelhozzdrendelést a C,H-COSY spektrum alapjan!

124.0 1119 100.4 CDCly 55.8 CD;OD 31.0
CH tovdbbi kvaterner jelek:

cH CH, 174.5; 153.6; 131.2; 127.3; 107.5

— b dC ppm
i . c2 1240
' 2 c-4  100.4
It c6 1119
}E’ 7 119
15% c8 310
I8 CH;0 55.8
i3
s 9 iL_Cf c-3 1075
COOH |r®
CHO. 5 % sa [s [F C-3a 127.3
- \ [L=
6 . 12 e c5 1536
4 f 5 7aN‘ ‘t
2 \ : i H |Le C-7a 1312
7 P FE c-9 1745
l%ﬂ 160 5‘0 5‘0 40 o
7.24d, 1H .
1 @ + o:cn%;yocn3 _Piperidine 9
l~ " J ° Cy5H160;
( Sel. 1D NOESY
7.43d,2H

. ﬂt . ¥ 1(,L Sel. 1D NOESY

|

T T T T T T T
8.0 75 70 6.5 6.0 55 5.0 45 4.0 35 ppm

743 6.96
3.14 294
8.13 7[} 7.48117.36 7.24
e ———————————— Sections of 'H NMR
81 80 79 78 77 76 15 74 73 72 71 ppm 31 ppm

CH,CH, . OCH;,

aromatic/olefinic range: 9H

S Ui NMR spectrum (16 H)

1.00
298
103-
1.01,~

201

101
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IH,H - COSY

U_JU\N\ L

ppm 2.94t 3.14t 7.86s

vS|F LCH,-CH,-X=CH
=35
» 743d  6.96d
T i
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Fso OCH3
Fss
H H
Lo 7.24d
Fes H
F.o 748t H
. -
7.36t |
8.0
A i
8‘.0 "5 7.‘0 6‘.5 6‘0 5.‘5 5‘.0 -'1.‘5 4‘.0 3‘5 3.‘0 ppm 813d

M H,'H - NOESsY

ppm
30

L

35

~3.0

3.5

—6.0

. o . Lo arrows indicate

P . steric proximities

—8.0

T
80 75 70 65 60 55 50 45 40 35 3.0 ppm
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——133.54
—— 13341
—132.98

——131.64
— 12826
_——128.00

T 127.98

2017.03.19.

—126.84

JL Section of 13C NMR spectrum

133

—— 187.68

wnon =
481 a8
P i

— 159.87

T
ppm

_——28.66
T—27.10

16 Signals corresponding to C,¢ atoms

3 (sp?C; 1 C=0; 7=CH; 5 =C<

13C NMR spectrum

T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 8 70 60 50 40

H

|

i

T
ppm

1Y 13¢ _
' J ULM H,13C - HSQC

E 30
E 40
F 50
E 60
F 70
E 80
E 90
100
with section of sp> =CH range
E110
120

130

T T T T T T T T
80 75 70 65 60 55 50 45 4l

0

T T
35 30 ppm
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ll;luM

L

ppm

- 40

= 80

=100

~160

=180

il il

ppm

~130

135

=140

80 75 70 65 60 55

35 30 ppm

1H,13C - HMBC

| “ Heteronuclear Multi Bond Correlation

via®Jey and 37, couplings

3.85

8.13 7.86

Presentation of NMR Data (500 resp. 125 MHz, CDCl;, §)

OCH;

Assignment g )] L3¢ HMBC responses NOE respon-
(13C partners) ses (1H)

1 - 187.7 - -

2 - 133.4 - -

3 3.14,m 27.1 C-1,C-2,C-4,C-4a,C-9 4,276

4 294, m 28.7 C-3.C-4a, C-5,C-8a 3.5

4a - 143.0 - -

5 7.24.d(8.5Hz) 128.0 C-4,C-7,C-8a 4.6

[§ 7.48,1(8.5Hz) 133.0 C-4a, C-8 5.7

7 7.36,t1(8.5Hz) 1268 C-5,C-8a 6.8

8 8.13.d(8.5Hz) 128.0 C-1. C-4a, C-6 7

8a - 133.5 - -

9 7.86. s 136.5 C-1,C-3. C-27¢' 26

1 - 128.3 - -

2.6 7.43, m 131.6 C-9, C-2'/¢' 3,9,3v8

3.5 6.96. m 113.9 C-1' C-3'. C-4". C-5' 2Y6'. CH30

4' - 159.9 - -

CH30 3.85.s 55.2 Cc-4 35

2017.03.19.
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Compound 34 has been isolated from the phenolic fraction of the plant Polygala arvensis. Its molecular
formula — determined by high-resolution mass spectrometry — is What is its structure?

1

OH

3H 2x3H

Jﬁ XX Al

TINLLID I L B O L L

ppm 7 6 5 4 3 2

Fig. 4.25.1. 500 MHz 'H NMR spectrum of 34, in CDCl,; impurity signals are marked by "x"; S: solvent. The fol-
lowing signal splittings (doublets) have been determined: 8 = 7.82, 15.3 Hz; 8 = 7.72, 8.8 Hz; 6 = 7.40, 15.3 Hz; § =
7.23, 8.2 Hz; & = 6.96, 8.2 Hz; 8 = 6.76, 10.0 Hz; 8 = 6.38, 8.8 Hz; & = 5.59, 10.0 Hz. For an expansion see 1D
spectra in Fig. 4.25.3.

¢ I I ’ : , INAPT OH-rél 13.79 ppm

2XCH,|

CH,

ppm 175 150 125 100 75 50

Fig. 4.25.2.a 125.7 MHz "*C NMR spectrum of 34, in CDCly; b DEPT135 spectrum; ¢ selective INEPT spectrum, ir-
radiation at the signal at § = 13.79. The exact values of the °C chemical shifts are: &= 191.9, 160.9, 159.7, 148.4,
146.8, 144.6, 130.5, 128.1, 127.4, 123.5,117.7, 115.9, 114.9, 114.1, 110.1, 109.4, 108.2, 77.8, 56.0, and 28.4.

2017.03.19.
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7.72
7.40
7.23
7.12
6.96
6.76

e 636
¢

5.94
F 5.59

Fig. 4.25.3. Expanded
sectionof 1HH-COSY

" ;
i Feo
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n ................ 1] ppm
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(bl L 1
284147 « | [
F 50
+560/397
L
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\ L
|
[
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100
108.2/6.38 [
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1149/6.96 « 1159/6.76 r
*117.7/7 40 3
-1235/7.23 F125
- 1305/772 -1281/559 L
. 1446/7.82 { ppn

ppm & 4

Fig.4.25.4. HMQC

2017.03.19.
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Fig. 4.25.5 HMBC
CH,0 (CH3).

el l

= - 28.4 -§-
17=145 Hz
1J=127 Hz| | 50
—— & = e = 77.8 *
-—100
—F | - - "e° - [
=3 |. e e ® 1159.
e - - 128.14
- e +:146.8 [ s
— e - * - [
—8 |- - ppm
T T T T
ppm 6 4 2

Fig. 4.25.6 HMBC széthlizds
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7.72
7.40

E
;: 6.38

23
7.12

6.96

6.76

108.2j o =)
1101 1924 > oD . <) -
-
L
1149 141 —R . ©
159 —% S =
117.7——-1i (<) =
120
4
1235 ——— D o
128.1@4;1 A ° o ppm
B o T T o e S
ppm 7.5 7.0 6.5
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Table 6.25.1. Listing of 'H correlations in the HMQC and HMBC spectra of 34. C,qH,,05 DBE=12

'H signals at & = 13C signals at § = Long-range correlations at § =
(HMQC) (HMBC)

1.47 28.4
3.97
5.59
6.38
6.76
6.96
7.12
7.23
7.40
192
7.82

13.78 1D INAPT 109.4; 114.1; 160.9

M. S. Rao, P. S. Rao, 6. Téth*, B. Baldzs, H. Duddeck:
Isolation of Polyarvin, a Chalcone from Polygala arvensis.
Nat. Prod. Letters 12, 277-280 (1998)
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A nice experiment: H2BC

Heteronuclear 2-Bond Correlations

— felerdsiti a 2 kotésen keresztlli korrelaciot
— elnyomja a tobbkotésen keresztuli korrelaciot

I B B BN P B for more information:
— 2 | 2 . L
?

Grad

3rd order low-pass J filter for correlating 'H and 13C nuclei
via 'Joy and "H-"H couplings. No 2J¢y involved!

Nils T. Nyberg, Jens @. Duus, Ole W. Sorensen J. Am. Chem. Soc. 127 6154-6155 (2005)

— . www.crc.dk/nmr

N

H H
H1 H18 1‘ 2 ‘)
C C

| ]
ljj; MMWMUV\L * Overlay HMBC / H2BC

+ 3 bond és 2 bond CP

: T
noTTTT TrmesEl €% - megkiilonboztethetdk
i C T =% |7 . Két kotésen keresztiili
a S o ML - 16 . ’
ce e L emdey . S, CPakkoris fellép ha
&% ’7013 2,]' ~0 Hz
oL - e T L] L C CH
e i I} r
. c7 ] 1 [] -8
4 s‘ zl 1‘ F2 [ppm]

Nils T. Nyberg, Jens @. Duus, Ole W. Sorensen J. Am. Chem. Soc. 127 6154-6155 (2005)

2017.03.19.
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OH

I ETHWEANG

H1sa/ 15 H1/ L5 |
B P

Cle P2 I L

. H16a; 18 “%mb 16 |

| IR Ll

& % Blapu/cel

| O L

: e Y
oH | Lo
H17/ C17 H16a H16b

. s z 1z ppm

®) 2 F1[ppm]

o

c16

N
|

»
C 2 C

- Fektessiik a HSQC a H2BC-re

ésigy HH COSY informdciét
nyeriink

+ Kiindulva pl. a H7/C7 kereszt-

csticsbél a H2BC alapjdn H6
kémiai eltoléddsok adédnak

+ Korreldcié kvaterner C atom-

hoz nem lehetséges!

Nils T. Nyberg, Jens @. Duus, Ole W. Sorensen J. Am. Chem. Soc. 127 6154-6155 (2005)

20-Hidroxiekdizon dioxoldnok NMR vizsgalata

20-Hidroxiekdizon (8'H, §'3C)

2017.03.19.

23



2017.03.19.

83-86
3.60-3.90

73-76
4.10-4.50

2.Tipus

83-86
3.60-3.90

3.Tipus R3

7376 1§

4.10-4.50

ZO-Hidr‘OXiekdizon + H'g'Ph — C34H48O7; MS = 568, DBE = 11

@ NOE vagy ROE?

20Mz 1 1 C:\Users\:
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edHSQC + selROE 5.80s |

ZJMH 3 1 C:\Users\gtoth\data\TG\pmr ‘

( l M" !
e ‘ i M JUaRTY!
16 se 11| F
16 :vm @93 &
@|® @ g [
*9 % 1 w|
@4 Fs
J 17‘“”5
8
30 02
-8
022
| | s
] | '
} | 105.1/5.80s | Hg-16 2.08
‘f % |
\ =3
T ’”I‘ g «7' il &
g L i \?!",
— ohgi‘ ‘ 4 : kL 'M" } \“,w,: M«f,‘,uf*“ 1" ”‘
meta 7 6 5

Sematikus térszerkezet
IH kémiai eltoldddsok
H-29 selROE térkozelségei

Hyperchem 8.0
PM3 szemiempirikus
finomitott térszerkezet
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Sematikus térszerkezet 157 144 095
IH kémiai eltoldddsok
H-28 és H-29 selROE

térkozelségei

085 1.14

097 146 1.64
CH;-CH,—CH,

105.7
5 75.
H H
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OH 121

O

Hyperchem 8.0 A ¢ H
PM3 szemiempirikus \1

finomitott térszerkezet - y -
d ‘

Bruker Avance 500 (2002); 5mm BBO (direkt) méréfej; S/N : H = 350, 13C = 230

MATCH tubes (mérécsévek)
Atmérs: 1, 1.7, 2.0, 2.5, 3.0, 4.25 and 5mm

térfogat == 0.1 ml 0.6 ml

edHSQC, HMBC mérésid6: 6 perc, selROE ns=32 >3 perc
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