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Zakladni techniky NMR

Pocet a druh H, 19F, 31P v molekule, symetrie molekuly, interakce

1H. 19 31p
S Y4 3uh ke pp e np.Fpy 2C PN satelity 1, 1y - Symetrie a heteroatomy

13¢ Pocet a druh 3C v molekule, symetrie molekuly,

APT — C a CH, positivni signaly, CH a CH; negativni signaly
dekapling Selektivni i neselektivni odstranéni J-interakci (pfes vazby)
COSsY Dle velikosti J, interakce 23J,,,, v pfipadé LR COSY >3J,,
HSQC V pfipadé 'H,13C interakce 1J,,c, v pfipadé H,>N interakce 13,

Dle velikosti J, V pfipadé 1H,13C interakce 3J,,c, 2y 4Jne, dihedralni dhly,
HMBC o . :

struktura, v pfipadé H,>N interakce J,

14 14 & 19F 19 ¥ < ‘v v

NOE, ROE Interakce *H,*H ¢i *°F,*°F jader pfes prostor r < 0,5 nm, nejCastéji ROESY

¢i NOESY 1D ¢i 2D, NOEDIF, Ize i heteronuklearné (HOESY)




'H NMR

H10
_ . 3.38 ppm
5H v aromatické oblasti < 5
H9 v DMSO CHD,SOCD,
obvykle | |
3,33 ppm
J Fal
. T |—|—| |—J—l
H2|az H5 | i | | & ‘ _ -
2.5 2.4 3.3 3.2 3.1 2.0 2.9 2.8 27 2.6 2.5 2.4
f1 (ppm3
6H v alifatické oblasti
H1 H7
H8 Ho H10
H6 Ml H11
T =L T = T ¥ 4L %
1II:.III 915 IEifIII 8.15 BIEI A= 1 ?.IIII 6.5 S STIII 4.r5 1 4.IIII ’ 3.r5 3.ID | 2.r5 1 2.IIII | 1.r5 1 1.IIII | III.rS 1 III.IIII
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13C APT NMR
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289.5 Hz

C3

Necistoty nemohou mit HMBC
korelace s protony analyzované latky
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f1 {pprm)



19F NMR

... bez dekaplingu *H

—74.46

; .
-74.0

- -
-74.5

-75.0

|

d, 290 @I’ 30

CF,— C9—?)

Q

13C {1H} gHSQC 2D NMR

M a ol h

|||||||||||

C9 je kvartérni uhlik = nenese zadné vodiky

66

FGEa2

70

72

74

76

f1 {ppm)



Seznam signalu 3C

C2 ... 134.74 ppm, C aromaticky Cl...164.87 ppm,

. dle posunu asi amid, N-C=0
C3 ... 126.83 ppm, CH aromaticky
C4 ... 126.40 ppm, C aromaticky
C5 ... 126.33 ppm, CH aromaticky
C7 ... 124.33 ppm, CH aromaticky
C8 ... 118.45 ppm, CH aromaticky

C6 ... 124.73 ppm, I = q, 290 Hz, CF,
C9 ... 75.58 ppm, 2J = q, 30 Hz, C nebo CH,

C9-C6F,

Disubstituovany benzen ? C10 ... 67.78 ppm, CH

C11 ... 45.62 ppm, C nebo CH,
C12 ... 35.54 ppm, C nebo CH,

C4 Cl1 Ci12

c1 C2
C9
1 | e B L Hl

C3 a C;' ‘C7 |C8 _c10

 —_ T E (S, S - ORI
1685 10 155 150 145 140 135 1300 125 120 115 110 1I:IEF (1EID ) a5 20 g5 a0 73 70 a5 B0 55 50 45 40 35
1 {(ppm



'H NMR

v oo Bm@k o oo oomimo S
& 2l o ~EL 85 s A FESTT R =i
L Fa} — e Gy = ey S Pt — = o — — —
[ [t [ e | [t I | [ B | [t B [t IR B N B e | [} [ R |
| | i Yo (g b ) | N

H2, ddd, 8.3,

H4, dd, @ 1.8 Hz

73=76/2+7,0/2

—2185.04
—2183.07

J
J

A
¢~ 53=J+J+J

T

T T T T T = T
729 728 727 726 725 724 723 72 7e
f1 (ppm)

H5, “dt”,

H1,d, 8.2 Hz -

(] v

0.492—
205 —
1.02—
101

(S ) o s e e B o T s DFOP S o LT . Sy 5 S e e e T ST o S T P S T o Y S V) R, VT S [ U . o R P T PR A ) LN e I L T G EL |
g.44 g8.42 .40 8.38 8.36 8.34 731 729 727 225 223 721 719 217 715 713 A1l 2.09 2.07 705



'H-'H DQF-COSY 2D NMR H3 14

H5
i Mala disperse signalu |
H2
( = signaly blizko u sebe)
| — krospiky blizko diagonaly M ud\__

P — prekryvy krospiku \ A

H5 . — malé rozliseni éﬂ :
_ = i E

3 == ("™ S L4
H1 H2 H5 H4
1.07? 20

-6.9

7.0

71

7.2

7.3

g

7.5

7.6

77

7.8

7.9

8.0

=

-8.2

3.3

8.4

FE.5

1 {ppom)



Dekapling

Ozarujeme-li vzorek ve vhodnou dobu méfeni, frekvenci odpovidajici nékterym jadram,
pak jejich signaly ve spektru danych jader budou potlaceny, stejné tak jako vSechny

jejich spin-spin interakce.

Neselektivni Sumovy dekapling

Vyuziva se napfriklad Sumovy dekapling protonu pfi méfeni uhlikd, tim dojde ke zruSeni
interakci uhlika s protony, ¢imz prejdou vSechny signaly uhlikd na singlety, coz znacné
zvysSi citlivost i rozliSeni. Maji-li uhliky i pfi dekaplingu protont multiplicitu, pak je jejim

divodem interakce s jinymi jadry nez-li protony.

Selektivni homonuklearni dekapling

Vyuziva se k indetifikaci partneru spin-spinoveé interakce. Maji-li dva signaly vzajemnou
spin-spinovou interakci, pak ozafovanim jednoho z nich dojde jednak k potlaceni
ozafovaného signalu, a jednak ke snizeni multiplicity druhého signalu tak, ze zanikne

multiplicita zpadsobena ozarfovanym jadrem.



H{*H} Selektivni homonuklearni dekapling

ZH1

Intersity

H4 H5

T T T T T T T T T T T T T T T T T T ;
7.28 25 7.22 7.19 F7.16 7.13 F7.10 7F.07 7.04

m ddd — dd

C8H1 C3H2 C5H5 g — ¢

8.4 8.3 8.2 8.1 8.0 7.9 7.8 7.7 7.6 7.5 7.4 7.3 7.2 7.1 7.0 6.9



13C {1H} gHSQC 2D NMR

H3

r118.0
r118.5 Hl

C119.0

r124.0

124.5

f1 (ppm)

125.0

125.5

126.0

126.5

127.0

vy

\'”[L

8.45 8.40 8.35 8.30

7.25 7.20 7.15 7.10 7.05
f2 (ppm) f2 (ppm

8.8 86 84 8.2 8.0 7(.8 7).6 74 7.2 7.0 6.8

H1 vazan na C8, H2 vazan na C3, H4 vazan na C5, H5 vazan na C7
H3 neni vazan na uhlikovy atom, vzhledem k posunu asi OH nebo CONH

13C satelity H1

r118.0
r118.5

119.0

r124.0
r124.5
r125.0
r125.5
r126.0
r126.5

r127.0

f1 (ppm)



13C satelity

M

7

2 &

QI

Y of
13CH-12CH
8,39 ppm, dd
1J,,c = 165 Hz
33,y =8,2Hz

~2439.67
~2431.33
—2236 01

H3 nema satelity 150-210 Hz

- 2094.69
27385
206622
205418

— neni vazan na uhlik e——=

-

L U

*9 13C satelity H3

1J,c = 161 Hz

T T T T T T T
a7 8.6 8.5 .4

T
8.3

T
8.2

I L I ! T Y I i ] Y I J I
2.1 2.0 79 7.8 77 7.6 79
f1 {pprm)

T
74

T
7.3

T
72

T
71

70

T
6.9

T
6.8



Seznam signalu *H a 3C aromatickych oblastech

C2 ... 134.74 ppm, C aromaticky H1 ... 8.38 ppm, 1H, d, 8.2, 1.1 Hz

C3 ... 126.83 ppm, CH aromaticky H2 ... 7.23 ppm, 1H, ddd, 8.3, 7.0, 2.0 Hz
C4 ... 126.40 ppm, C aromaticky H4 ... 7.15 ppm, 1H, dd, 7.6, 2.0 Hz

C5 ... 126.33 ppm, CH aromaticky H5 ... 7.09 ppm, 1H, td, 7.3, 1.1 Hz

C7 ... 124.33 ppm, CH aromaticky

C8 ... 118.45 ppm, CH aromaticky
/827 687\ / 76\

C8H1 C3H2 C5H5 C/H4

/~> H1 1.0 -

H2
< C2 nebo C4 ?
C4 nebo C2 ?

H5

\ s



H-13C gHMBC 2D NMR

H3 H4 s
H1 H2|
I bl
08%- B iy Pop—
C7 Q,g o 0
cal C5 u 9 0y | ”W B
; C3
& & o
H1 H1
| |
~_ _C8 H2 ~ .C8 H2
c4a —~Jc3” c2 —~Jc3”
|<::> | nebo |<::>|
C2 C7 C4 C7
| |
H4 H4

112

L119
-124

125

126

~127

134

135



5H v aromatické oblasti @
g, 290 g, 30

H1 C6F;—C9—2)

~. _C8 H2
C|2 \C|3/ 19F NMR: -74,5 ppm (s) @
/C4\C5/C7\H5 C9 je kvartérni uhlik = nenese zadneé vodiky
I
H4

C1l...164.87 ppm,
C oW, dle posunu asi amid, N-C=0
H3 neni vazan na uhlikovy

atom, vzhledem k posunu C10...67.78 ppm, CH
asi OH nebo CONH C11 ... 45.62 ppm, C nebo CH,

C12 ... 35.54 ppm, C nebo CH,

6H v alifatické oblasti



1H-1H DQF-COSY 2D NMR

H8

H9 H10

/EO

= =

=

H10

—g

H9

H8

H7

H6

=&

%5 s uE

% dd

€5 ddd

1 8
4

4.0

T T T T T L DL A . m

T T T T T T T T ™ T T
49 48 47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32 3.1 30 29 28 27 26 25 24 23 22 21 20 149

2 {ppm)

-E.D
.'2.2
-'2.4
-2.6
-2.8
-'S.D
.-3.2
-"3.4
-3.6

-3.8

4,2
4.4
4.6

4.8

f1 {(ppm)



'H-1H COSY 2D NMR




'H NMR
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1H NMR
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Alifaticka cast

HG6 ...
H7 ...
HS ...
HO ...
H10 ..
H11 ..

H7

HS/Hg

4.70 ppm, 1H, ddd, 12.7,8.1, 6.7 Hz
4.10 ppm, 1H, dd, 17.3, Hz
3.93 ppm, 1H, dd, 17.4, Hz

3.34 ppm, 1H, ddd, 12.2, : Hz
. 2.85 ppm, 1H, dd, 14.1, 6.4 Hz
. 1.99 ppm, 1H, ddg, 14.1, 8.4, 1.0 Hz

H10
12 6 14 g, 290
L 'O /

38
H6\H1W

43, 7




IH{tH} Selektivni homonuclearni dekapling

e MR A 4\ ) FHiL
<H10 .
M MR jf‘ A X A
<ZH9
5
AN M)\ Ma JLL\ ) M
“H8 H7 H10
A 11
' 12 6 14
ZH7 17 \ 'S /
i 8
'+* Hg <9 6~ H11

. JN

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''



13C{1H} gHSQC 2D NMR

C12
C11
molekula
ma
chiralni
centrum
C10

H8 H10 =
o | J«Hg M M
o &
?
Cl2 |14 9,290  Tq, 30
| C6Fs— C9—(?)
C10 : ?)=C12

f1 (ppm}



I H3 neni vazan na uhlikovy

D /C8\ _H2 atom, vzhledem k posunu
C|2 C|3 asi OH nebo CONH
C4 C7
7 Nes” T NH5
I C1l ... 164.87 ppm,
H4 dle posunu asi amid, N-C=0
17) H7Y‘ H6( ....... 6 ........ > Hlo‘, l C6F
R - C10 23— C12 = C9 —
- o 12 Wl e |
4\ H8( ............. ) H9 Hll(

C9 je kvartérni uhlik = nenese zadné vodiky



13C {1H} gHMBC 2D NMR
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13C {1H} gHMBC 2D NMR

L7 H8 H10

A | N
—dciz (@ (o) ® % -

=

o @ © X% \
) @

H1 H7 H6 H10 C6F3

| |  —C11—(N)—Cl10——Cl2 — C9 —

C70—C4 A I I |
H5” C8” S T Hg HO H11 —H3

f1 {ppm)



13C {1H} gHMBC 2D NMR

H3
il H6 H7 H8 HO  H10 H11
M M_ oy A P ML o
C% . u [1&4
E=I|:|,7='15A 455 o (p;fﬁ) 3.r5 r 3.r|3 | 2.|5 2?0
eyl =C1=
H1 S |
C8 /) O —_C1—
H2C3 7, —~JC2 ; ah
| | H7 Ta LH10 (I36F3 S0
H5C7 C4 | S Joi
N ”’ / :
ﬁi T~cu C10 =—C12 — C9 —" ;
I | i ;
H8  H9 \ . HIl1 — H3
—Cl—

C1 neni vazan ani
C2

na C2 ani na C10 O p?ebs,\,é
C1dle 164.87 ppm, C1

asi amid, N-C=0 C10

f1 (oom)



Kovalentni struktura

_jClZ ==
Ten_—=>
HMBC
= e

13C APT

Cl C5 C7 C8
8 '@‘4{“\[‘@ TT"&’&

1 T T

L) T T T
164.8 1346 1268 1264 1262 1242 1184 630 678 G676 45.6 356 354

C6F,
0. *\ _O-H3
‘c1—C9
H1 / \ H11
| c12”
C8 N ~
H2 8~ 7 SNH10
C3 C2 *010\
| | ‘ Hé
C7 c4 N
- NN 7
H5 c5 c1i He
| / \



Stereostruktura nezname latky

C6
O-H3
O\\ *_ 7 3
c1— C9 J
H1 / \ H11 <
| c12”
C8 N ~
H2 U N / H10
C3 C2 *C10_ (_‘ 6
| | | H6 <
C7 C4 N 12
U
HS C5 Cc11 ™S H9 «—
| / \ A
H4 H7 ~ H8 <7
1« 11




'H-1H NOESY1D NMR

c C6F,
e 0. \ O-H3
c1—C9
H1 H1 / \ _H11
| Cc12
H2 C8 N ~
~ SON N 7 H10
C3 C2 c10_
| | | H6
c7 c4 N
R N
HS c5 c1?” Ho
| / N\
- H4 H7  H8
8I.5 | 8].4 | 8F.3 | 8|.2 | 8].1 | 8I.0 | 7I.9 | 7I.8 | 7I.7 | 7].6 ' 7I.5 | 71.4 | 7[.3 ' 7I.2 | 7].1 |
zadne alifaticke vodiky nemaji NOE
2H1 => H7 a H8 nejsou v sousedstvi H1
ale .
8].5 | 8I.4 | 8|.3 | 8I.2 | 8I.1 | 8[.0 | 7I.9 | 71.8 | 7F.7 | 7I.6 | 7].5 | 7F.4 | 7I.3 7I.2 | 7I.1 |



'H-'H NOESY1D NMR

C6F,
0. \ O-H3
——cs
H1 ;31
cls N c12
H2 ~ < NN
C3 C2 c10
| | |
C7 C4 N
TN T N7
HS C5 c17” H9 H7

3J1i0n6 = 12 Hz
3JH9H7 =11 Hz

.

H9

H10

-

—

H7 4@ He mE) H10

*Jhong = 4 Hz
H7,. \
ZHG6
c11 —(N == c10 H
SE— Y [

H8 <-->H9 50 45 40

T
3.5

T T T T T
3.0 2.5 2.0




'H-'H NOESY1D NMR

C6F,
0. \ O-H3
c1—C9
H1 \ H11
| [ c12”
C8 N ~
H2 5 TN 7 H10
C3 C2 c10_
| | Hé
C7 C4 N
TN T N7
H5 c5 c17” H9

| / N\
H4 H7 H8

H6 4 H7 mm) H8

.

ZH7

T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5




'H-'H NOESY1D NMR

C6F,
0. \ oHs
‘c1—C9
H1 H11
' / c12”
(of:} N ~
H2 SIS 7 H10
3 Cc2 c10_
| | Hé
c7 ca N
“ N ~
H5 cs c1i” He
| /N
H4 H7 H8 J A
H7 4 Hg m) HO
LA i
T T T T T T ' T T T J T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0




'H-'H NOESY1D NMR

Chemicka vym éna I
O-H3 + N-H9 +«— O-H9 + N-H3

T
8.5

T
8.0

T
7.5

T
7.0

T
6.5

T T T T T i J ' '
6.0 5.5 5.0 4.5 4.0

3.5

3.0

2.5

T
2.0




'H-1H NOESY1D NMR

C6F,
0. (\:9/0—H3
c1—
H1 / \  _HM
| c12”
C8 N ~
H2 =~ _C8 -~ 7 SH1o
c3 C2 c10_
| | H6 A
C7 Ca N
H5 ~ C5 \011/ S ho
| / N\
H4 H7 H8
H3 «=—— H10 H6
H -
H3 J\
<ZH10
~ 4 R

H7 4@ Ho mm) H10

HE 4 HO M) H11

s N
H11

8.5 8.0 7.5 7.0
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Ukazat model a vSemozné uhly a vzdalenosti
Napr. W-interakce HF je pravdépodobnéjSi pro trans H nez pro cis a podobné.
Dat dva uhly HCCC a k tomu klasicky pribéh a fez v jakém budou poméru
konstanty a k tomu objem piku v HMBC atd., atp.,
Doméfit 19F-13C NMR



