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NMR spectra:

\\TITAN-DPS009.ur.de\DPSO09\CHEMIE\ZA\nmrspec\Ava400Stud

(Help:

https://www.uni-regensburg.de/rechenzentrum/support/netzlaufwerke-und-dateidienste/index.html )

TopSpin
http://www-oc.chemie.uni-regensburg.de/za/nmr/software/software d.html

https://www.uni-
regensburg.de/rechenzentrum/software/softwarekatalog/index.html



file://TITAN-DPS009.ur.de/DPS009/CHEMIE/ZA/nmrspec/Ava400Stud
http://www-oc.chemie.uni-regensburg.de/za/nmr/software/software_d.html
https://www.uni-regensburg.de/rechenzentrum/software/softwarekatalog/index.html
https://www.uni-regensburg.de/rechenzentrum/software/softwarekatalog/index.html

http://www-oc.chemie.uni-regensburg.de/za/nmr/software/software d.html

auf 15 Jahre befristete, Lizenzserver unabhdngige Software:
TOPSPIN (Windows, Mac, Linux): TopSpin Version herunterladbar bei der Firma
Bruker Bio-Spin GmbH mit einer 15 Jahre gililtigen Lizenz (Anleitung).

TopSpin 3.2


http://www-oc.chemie.uni-regensburg.de/za/nmr/software/software_d.html
http://www-oc.chemie.uni-regensburg.de/za/nmr/img_za/nmr/software/Neue_TopSpin_Version_installieren_de_en.pdf

NMR-Spektroskopie
http://www-oc.chemie.uni-regensburg.de/za/nmr/diverses/diverses d.html

~VERSCHIEDENES":

NMR Chemical Shifts of Common Laboratory Solvents as Trace Impurities

Organometallics 2010, 29, 2176-2179 (DOI: 10.1021/om100106e)

Article Organometallics, Vol. 29, No. 9, 2010 2177
Table 1. "H NMR Data®
proton  mult  THF-dg CD,Cl, CDCly tolene-dy CgDy CgDsCl (CD3),CO (CD:),.SO CDyCN TFE-d; CD,0D D,0
solvent residual 1.72 5.32 7.26 208 T.16 6.96 2.05 2.50 1 04 5.02 3.31 4.79
signals 3.58 6.97 6.99 3.88
701 7.14
709
water OH 5 246 1.52 1.56 043 .40 1.03 2.84% 3.33% 2.13 3.66 4. 87
acetic acid CH,; 5 | .89 2.06 2.10 1.57 1.52 1.76 1.96 1.91 1 96 2.06 1.99 2.08
acetone CHa 5 205 2.12 2.17 1.57 1.55 1.77 2.09 2.09 208 2.19 2.15 2.22
acetonitrile CHs, 5 195 1.97 2.10 0.69 058 1.21 2.05 2.07 1 .96 1.95 2.03 2.06
benzene CH 5 7.31 1.35 7.36 T7.12 T.15 7.20 1.36 7.37 737 1.36 7.33
tert -butyl alcohol CH,; 5 1.15 1.24 .28 1.03 1.05 1.12 .18 .11 1.16 1.28 | .40 1.24
OH 5" 3.l6 .58 0.63 1.30 4.19 208 2.20
chloroform CH 5 TR9 7.32 7.26 610 G.15 6.74 5.02 8.32 T.58 7.33 7.5


http://www-oc.chemie.uni-regensburg.de/za/nmr/diverses/diverses_d.html
http://dx.doi.org/10.1021/om100106e
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Stereochemie und NMR
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Stereochemie und NMR
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Stereochemie und NMR
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Stereochemie und NMR
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Stereochemie und NMR

aX|aI(13C) equatorial(13c) -5 ppm
5 1 4 6
%\cm . % .
3 - 2 1
4 2 3 | ; equatorlal(lsc) > 6ax|a|(13C)
=
35 ChH; 15
2,6 N
axial form
equatorial A \,
1 methyl
| methyl
_J . _ y
|'< 20 ppm -

Figure 12-12 Proton-decoupled, 63.1 MHz, 3C spectrum of methylcy-
clohexane at —110°. The upper right curve was taken with the signal sensi-
tivity control turned up by a factor of 64. (Courtesy of Dr. F. A. L. Anet.)



& 1992 The Chemical Society of Japan 6

Chemistry Letters pp 809-812 1992 | 4 4 L}
Monomeric and Cluster Stales of Water Molecules in Organic Solvent Qb‘u(a)

Masars NAKAHARA and Chihiro WAKAI aho)cluster/CeDs

o KNQB\N .
(<) (b)
no)cluster/CClU gpojbulk {
3
- |
a, H20 in CCl4 at 8mM at 20 'CL ‘g @)
-g HO/CHY2CO -
J b, H20 in CCl4 at 8mM at -20 *C £ £y me)a’
— 8 ®
00O OO—0

D20jc-CgHi2
¢, H20 in CgDg at 35mM at 20 °C I mfxsz:cu g
- Y

. . OO OO OO~
| d, H20 in CeDg at 35mM at 5 °C g i l HIO/CED6 (h)
6..71v§"v 11417 '-EVﬁ.i.ﬁa -‘o 0 .‘o
Chemical shift/ppm Temperature/"C




NMR of a symmetric two-site exchange system

ultrafast — W, 10000
fast A 1000
314
coalescence 222
100
“— “«—
W, Wh 30
slow, jt jt 1
T, coalescence
W p —» «— Wy, o
ultraslow JL Ajk
T,n #T,5 300 VA 8 y/Hz 0
Ton # Tog Av =v, —vg =100 Hz

2.2 T, =T, for fluid liquids

k
A & B
k
B TAV?
2(W _Wo)
kK =7Av
k:ﬂ'AV
J2
k:”(\NB _WoB)
1 05 0.5
E— +
T, Tia T

K <<1/Tja, k<<1/Tg

woo L
7T,



A —
BZ
u u i 1 up to down

+
2 down to up

I I l absorption

+
1 down to up

II relaxation

mo
L)

" ' nothing m



T, = spin-lattice relaxation
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= spin-spin relaxation

v~1+100Hz



small molecules
non-viscous liquids

z-cl > TC'Z > z-c3 > z-c4

large molecules
solids
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Histogram of molecular tumbling rates
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Sucrose in D,0 C spectra

Waltz-16 decoupling:
A: During relaxation delay (NOE)
B: During FID acquisition
(decoupling)

Wt W Mol MJL-#-

1 1 1 1 1 I | I I I I 1 I 1 I 1 I I
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HMBC NMR
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Fig. 3.37. The Lorentz-Gauss transformation ("Gaussian multiplication”) can be used
to improve resolution. (A) RAW FID and spectrum following Fourier transformation and
results after the L-G transformation with (b) Ib = 1 Hz. gb = 0,2 and

c) b =-3Hz and gb = 0.2.
©[1] (c) J 32b



0=P(CH,-CH,-COO-CH,),

2.06 2.65
ppm ppm

—2.65
—2.06

27 26 25 24 23 22 21 2.0 ppm



0=P(CH,-CH,-COO-CH,),
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©[2]

FIG. 4.1.4 Lineshapes obtained by Fourier trans-
formation of truncated free inductiondecays of
lenght t,., = T. (a) No decay of the signal

(T2° = x): the full width at half-height of the cen-
tral lobe is Af = 0.604/t,,,,.(b) to (e): Signals with

increasing decayrates Tz' = T, T/2, T/x, and T/5.
Note that the ripple amplitude decreases. If the
free induction signal is extended by unrestricted
zero-filling, the continuos curve is approached. If
the signal is only extended by a factor two by zero-
filling, the Fouriertransformation gives the samp-
ling points indicated by dots. A Fourier transform
of the truncated signal without zero-filling only
gives a sampling point for every second dot.
(Adapted from Ref. 4.27))
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. : Messe mich an Anderen!
http://www-oc.chemie.uni-

regensburg.de/za/nmr/service
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........ 8%, 202 mm

D Perfekt
— 7 178 mm
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Veresterung von (—)-Menthol mit 4-Toluolsul

fonsdurechlorid (Tosylchlorid) zu
Weitere denkbare Reaktionsprodukte:

1.2.4
(-)-Menthyltosylat (4)
cH, CH, [%j CH, CH, CH,
O '
N (DABCO) Y~ "OTos :
0°C . A
? OH 0=S=0 : ot HEC CH3 HECACHE'
H,C™ CH, _(';|_ HC™ CH, i i
CH,
2 ~
Jun = 11-13 Hz
3] ~O.
J,a = 9-13 Hz, A
3] =3] =
), =3, = 34 Hz :
CH,
|‘ i 4 Hz
(l ),
L L -4 OTos




t-butyl H

C(CH,), a
H H
;>
: H H
OTs o
1
H, OTs
2) . = 11-13 Hz
3),, = 9-13 Hz,
3),. =3, = 3-4 Hz
ﬂﬁ llLIJ‘ M
J]l l|'l_ . || lL Jl L _J.\_ _h |L| ullm
T I PN nf-'*n‘-\...f'“'-.
I | | I I | I I | | I I I I I
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t-butyl H
C(CH3)3 Y a J
J3 3
H H
\\
N J3 \14
OTs 5 J, %) J,=),/2
I -
e s
Ha OTs ‘ J <J /2
i 251
2y = 12-13 Hz 12= 1/2 <<l)./2
3)  ~9-13 Hz, )=, J, |7 3,/2
3) =3) _=3-4Hz

NS




C(CH.),
H
\\

- J3<_

OTs & DdiH

2)yn = 11-13 Hz Tt
3),, = 9-13 Hz,
3) e = 3o = 3-4 Hz

a

J,<J,/2

=)y

J,=1,/2
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t-butyl H, T (E)

C(CH,),
\ J,<J,/2
DDd =,,Q“(C) H H———=H H Dd (A) 13
\
; O Jy=1,/2
OTs 5 Dd (B) H H H H DDd =,Q" (D) J
112 / 6
e h

2),.0 = 11-13 Hz
3) = 9-13 Hz,
3)  =3),_, = 3-4 Hz
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DDd =,Q“ (D)
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OTs

% t-butyl H, T (E) ‘
{CHB)BCHL\'% Jg | |
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3, % 3o = 3-4 Hz ) ilz
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14.1

Umsetzung von frans-4-tferi-Butylcyclohexyltosylat mit Lithiumbromid zu cis-4-
tert-Butylcyclohexylbromid (1a) und 4-fer-Butylcyclo-1-hexen (1b)
C(CH,),

Weitere denkbare Reaktionsprodukte
C(CH,), C(CH,), CMe,
+  LiBr Ethanol abs. + + LiOTs '\-'193wa:2':?“ Br [/LH‘
g + HOTs Y
oTs Br 1a 1b OH
A B
2JHH =~ 11-13 Hz | =1 =3 Hs t-butyl H,
3),, = 9-13 Hg, 2%
3),0 % 3, = 3-4 Hz n y y
f
Jll \'L H H
o 1 N
4.8 4.6 | ‘ J \ 2
1
| | Br H,
| d
N I

| LI| ﬂ- h ..-J“II “ l I| Ii'll| h J

I | |
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2) 4y = 11-13 Hz
3) = 9-13 Hz,
3)  =3)_ = 3-4 Hz

ae

270 MHz "H NMR spectrum
oo CDCls, Mike Bowe
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Isomerie



H,CO
H,CO

Br
Br

BC_NMR Spektrum von 3 (62.9 MHz. CDCl):

83 =56.33 (CH;). 114.86 (C). 116.25 (CH). 149.09 (C).

4©1~x aci =128.5 + Z

Substituent X

!" —Br
n —OCH3
@)
O
H3C/

Br

3 2
-5.4 3.3 2.2 -1.0
30.2 -14.7 0.9 -8.1

30-15+2—1 =16 (145 ppm)

—15+1+3+2=-9(120 ppm)

Br

1-8-5+3=-9(120 ppm)




3 2
Substituent X Z, Z, Z, Z,
A _g -5.4 3.3 2.2 -1.0
| O —OCH; | 302 -14.7 0.9 -8.1
__CHg
O 30—15+3+2=20(149 ppm)
/O Br
HaC - —15+1-5-1=-20(109 ppm)

Br

1-8+3+2=12(141 ppm)




BC-NMR Spektrum+  114.86 (C). 116.25 (CH). 149.09 (C).

CH
O/ 3 Inkrementsystem: 145 ppm

NMR-Pradiktor: 149 ppm

e Inkrementsystem: 120 ppm
NMR-Pradiktor: 119 ppm

Inkrementsystem: 120 ppm
NMR-Pradiktor: 117 ppm

Br

Br

O/CH3 Inkrementsystem: 149 ppm
NMR-Pradiktor: 146 ppm

«

/O Br
HaC Inkrementsystem: 109 ppm

NMR-Pradiktor: 120 ppm

Br Inkrementsystem: 141 ppm
NMR-Pradiktor: 130 ppm



'H-NMR-Spektrum von 2-Nitrotoluol (1a) (300 MHz, CDCL): 5= 2.56 (3 H), 7.26-7.35 (2 H), 742-7.51 (1

C H 3 227 p p m H), 7.87-7.95 (1 H).

CH, !| o |

7.03 ppm NO, | B

7.14 ppm 1a | . '

'H-NME-Spektrum von 3-Nitrotoluel (300 MHz, CDCL): &= 243 (3 H), 734742 (1 H), 744752 (1 H),
706 ppm CH 7.84-8.02 (2 H).

| |
: |

o |
”’\u fals¢|he5pélktrum! |

., [
e et | | {
g NO | '
2 it 1/ f
i vl i
ey _— b —~ 4k
P WA T LR | LR B
an 85 B.D 7.5 70 30 [pom 75
'H-NMR-Spektrum von 4-Nitroteluel (1b): (300 MHz, CDCL): 5 =241 (3 H), 7.26 (2 H), £.03 (2 ).
| CH;, |

|
la:1b =3:2 i | ® ‘o h,

lH—NMR—Spektrum des Destillats (300 MHz, CDCl3): 8 =2.56, 2.41, Integral ca. 3:2. g!n T e!s T ' .5!|: T '.'Is T '.'I:| 3|_|:| ' [|I:hurr'|l ' zl 5 T
'H-NMR-Spektrum von 2 4-Dinitrotrelool (1c): (300 MHz, CDCL:): &= 273 (3 H), 7.61 (1 H), 236 (1 H),
[ 581 (1 H).

\ \ ‘ 1¢c
| 1
il “.\‘ 1l I | | I NO |
[ Y il ‘ ho I Hi b 2 |
— — e S : ———————r — S L AL " - J
9.0 85 8.0 75 70 30  [ppm] 25 b A T LT s 4 o

| ——
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7.3.8 Carboxylierung von 1,3-Dihydroxybenzol (Resorcin) zu 2.,4-Dihydroxybenzoe-
silure (8)

"H-NMR-Spektrum von 8 (300 MHz, DMSO-dg): 3 = 6.27 (1 H), 6.34 (1 H). 6.62 (1 H). 10.37 (1 H). 11.45
(1 H). 13.25 (1 H).

OH OH
1. NaHCO, / H,0
2. HCI - ' ’
on on falsche Spektr m! ‘
CO,H 8 |& il !ll
! W
_.-'! L I kS
T T T T | T T T T T T _l
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1.0 100 9.0 8.0 70 6.0 50 40 30 20 [ppm] 0.0
BC_NMR Spektrum von 8 (75.5 MHz, DMSO-dg): 3 = 102.14 (CH). 104.19 (C). 107.85 (CH), 131.81 (CH),
163.30 (C). 163.90 (C). 171.85 (C).
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