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Nucle

ar Magnetic Resonance
IH- and BC-NMR

SAMPLES i f APPLICATIONS
Isolates S o | o [T “roam  Certification
< & .0 e i l : l Drug
YA PN 0o s N oy rer—
"E? -L-;]‘ ‘ff';ﬁ<u t‘ GRS L'fé- - e vy
= Purity determination Drug
Food Natural Products + — = characterization
Ny net
ﬁ g { 40%1&3&‘_\1 =P Quantitation = Quality control
t‘i ‘f \ 4 e -4 Metabolites 1D
X Metabolomics - Chemometrics Groups
Biofluids Cellular tissue 8 y — — . Differenciation
WNNR | o < &
| B Classification
Universal detector | .. My s T Diagnosis

Current Opinion in Biotechnology 2014, 25: 51-59. 207

1D NMR <

2D NMR <

Strategy of Structure Elucidation
uv AT R, IR
1 s =1

IR HHH =0, C=C
HR-MS 13 XU, AL, SRR T
" 'H-NMR HE AN R R
BC-NMR N CHINEFISP, SP2, SP3
NOE HEZE A% &
~ DEPT CHJF24C, CH, CH,, CH,

~ 1H-'H COSY H-C-C-H, H-C-H
HMQC H-C
HMBC H-C-C, H-C-C-C, H-C-C=C-C

NOESY (ROESY) H-H conformation
- INADEQUATE C-C

X-Crystallography: Crystalline sample 208

2P A T = SR SR

14



BB R K 52 25540582018

AR

M #43% (Nuclear Magnetic Resonance, NMR) :

IR T, FLERTHESEBOLRES
A, SA—RARNHMBHY>TH. TIHRRTHAR
RRRAKIT, BIL—RIMPEQHM, B~ EBEER.
a3k E #E (NMR spectrum) :

AB LR TRENBAME (RAEBIRE) FH,
BP A A sk S B
a4 3R K % % (NMR spectroscopy) :

A A s AR AT M (MRS R) MR, =
MRRESWIE T k.

209

Nuclear Magnetic Resonance

Bk ABNMR)BEA A @G #HL, €k
Hdudh 6 b2 o k0]  ANT — N7 64 B

A # 2 ¥ # (Nuclear Magnetic Resonance Spectroscopy—
NMR)&Z 45 : 1k K (KK £106---109um) 5 £ & & 2

P BmEGAREAER, RILEISED P R ERBHERK
Ea P ARMAET, HRABEEIRE,

210

RTINS0 32 s 5 S R



BB R K 52 25540582018

Three Waves of NMR
E—RrEt

1945 ~464: F. Bloch Al E. M. Purcell
AN P[RR R BINMRELA
19504E484T: NMRE RN TH B
19604EX#]: Varian Associates A60 Spectrometer
B, NMRFF4E) 2 S

21

BB

1970E4%: Fourier Transformf¥ M
BC-NMREAR (BREEE)
(GC, TLC, HPLCEARIIKE)

E=HrER

1980Ff: Two-dimensional 2D) NMR#EA:
(COSY, WEZEREMT, JE8ER
TS, EVKRFTFEM, ... )
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SHTNMRAET FTAkEI15/ALNobel 2153
1. 1944: 1. Rabi

2. 1952: F. Bloch

3. 1952: E. M. Purcell

4. 1955: W.E.Lamb

5. 1955: P. Kusch

6. 1964: C. H. Townes

7. 1966: A. Kastler

8. 1977: J.H. Van Vleck

9. 1981: N. Bloembergen

10. 1983: H. Taube

11. 1989: N. F. Ramsey

12. 1991: R.R. Ernst

13 2002: Kurt Wiithrich [

14. 2003: Paul Lauterbur and Peter Mansﬁeld

15. 2013: Martin Karplus 213
Applications:

BRI IR RS ST A T 2. NEARF B B3t
PR LR B N B A AN T TH -

D IZREIEIRB S : SEhr ERIRILER (HAAR) SHELFEALHE
CBEARRR) ISR AR 2k
IAZRESEIRRZ S (MRD : (1) MERABRE
(2) SFRAIA RS

Nuclear Magnetic Resonance Imaging also called Spin Imaging
214
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Richard R. Ernst

Nobel Prize in Chemistry in 1991
Louisa Gross Horwitz Prize in 1991
Wolf Prize in Chemistry in 1991

2P A T = SR SR
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The Fourier Transform

Fourier Transform- What it transforms?

3) Single frequency Sine Waves

Jean-BaptiSte [ =k ) Three sine wave combination
J. Fourier

Jean-Baptiste J. Fourier (1768-1830) was a French mathematician and physicist.
He is best known for initiating the investigation of Fourier series and their
applications to problems of heat transfer and vibrations. The Fourier

transform and Fourier's law are also named in his honour. Fourier is also generall

credited with the discovery of the greenhouse effect

The Nobel Prize in Chemistry 2002

John B. Fenn Koichi Tanaka

Kurt Wiithrich

2P A T = SR SR
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Kurt Wiithrich and NMR
of Biological Macromolecules

Kurt Wiithrich Richard R. Ernst

19855 %] AlKurt Wuthrich 89 5 k2 T H— AN B QR &M,
20175128, Kurt Wuthrichs& % & #k P T AA “FELEF” WhitZF .

Wiithrich collaborated with, among others, Nobel laureate Richard R. Ernst on
developing the first two-dimensional NMR experiments, and established the N%as

a convenient way of measuring distances within proteins.

Kurt Wiithrich

ALFRED NOBEL
’ Nobel -
20023 JURA 222

b S P EVIAE é&ﬁ%ﬂ% “for his development of nuclear
magnetic resonance spectroscopy for determining the three-
dimensional structure of biological macromolecules in solution".

TR 200243 TURLZER 7 —F KR &

‘ If one knows all the measurements
of a house one can draw a three-
-+~ dimensional picture of that house. In
' the same way, by measuring a vast
number of short distances in a protein,
it is possible to create a three-
dimensional picture of that protein.,,

A S SRR
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ALFRED NOBEL ’

\— Nobel o
. Peter

200353 N KBS £ EHEFRT FHA K (Paul
Lauterbur)#=3& B £+ 5 £ /F - £ A7 3E R #&(Peter Mansfield )

NBATE R Z AR memstresr <mm wmRHES

1
R~~~ | Cr088 saction
; o < . ©of the abdomen
# Y GeSa? -
S};r-pancrsss
o
o

tibia
knee joint

MRI is used for imaging of all organs in the body ,,

FARLIA 2 5 S SO
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NMR

4 (a) The instrument is available in most laboratories;

¢ (b) An in-depth understanding of the fundamentals of the
method is not necessary to apply this method;

4 (¢) Only a small amount of sample is needed, and this can
be recovered;

4 (d) Because the analysis is conducted in solution.

¢ Sensitivity and resolution of NMR spectrometers have been
greatly improved by the use of superconducting magnets

that can operate at field resonance of up to 1 GHz

223

R B X
oh E R R R AT OB

RS IROGE R 40 )
RS o 20 S B AT AT LA )

—HHB JIRER BER. BIFERE
LR BIFER. REFER. SAFT.
HEr AR HERUR - EYRE
HANRRB= ML R

1923.7-2009.9

BER THE SR BHEE  (h3¥m) 19794038 22

2P A T = SR SR
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Flueggea suffruticosa (Pall.) Baill
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I
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Artabotrys hexapetalus

225

Radio frequency
transrmitter

spinning
zarmple tube

FEmE

Radio frequency
receiver & armplifier

Sweep Generator

BHR AR NMR éﬂ }ﬁ e

2P A T = SR SR
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Varian 600 MHz
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NMR Magnets

230
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Instrument  Stray Magnetic Field (0.5™T line) Ceiling Height* (m) Liquid Helium**
Refill Period (days)
Horizontal Direction (m) Vertical Direction (m)
400 MHz YH 0.5 1.0 2.84 >365
500 MHz 0.6 1.15 2.87 >150
600 MHz 0.7 14 3.12 >200
700 MHz 0.8 1.6 3.12 >150
800 MHz 1.5 2.5 3.52 >150

* The required ceiling height = Total height + Current lead length or Transfer tube length

** These values are calculated from the filled capacity and the estimated evaporation rate, the actual
number of days may vary depending on the actual use environment.

* These values are when the option is used.

The external appearance and specifications are subject to change without prior notice.

231
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235

300 MHz 'H NMR spectrum in DMS0-d; Click for full Spectrum
Source; Aldrich NMR Library

236

RARZGHI T 32 L
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What we can learn from NMR spectra

Chemical Shift: Information about the composition of atomic
groups within the molecule.

Spin-Spin coupling constant: Information about adjacent
atoms.

Relaxation time: Information on molecular dynamics.

Signal Intensity: Quantitative information, e.g. atomic ratios
within a molecule that can be helpful in determining the
molecular structure, and proportions of different compounds

in a mixture.

? 5 mm (600 pL),

|5 1.7 mm (35 L) and

i 1 mm tubes (7 pL).

Right, a gas-tight sample syringe
fitted with an extra long needle.
Image credit: D. S. Dalisay.

Fig. 1 Relative NMR sample tube
diameter (OD) and sample volumes.
From left to right,

Tadeusz F. Molinski. NMR of natural products at the ‘nanomole-scale’. Nat. Prod. Repp3s
2010, 27,321-329.

2P A T = SR SR
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A “._2006: 1 mm HTS probe
2007: 1.7 mm microcryoprobe

1998: ™.

o ) capillary ™.
s ~imagicangle’ .. 2001:5mm
= “*.._ cryoprobe
§ | 1995-2001: 2 Q
; 1 mm
& capilary  oge Q) _~1998: 1.7 mmnt
S Nanoprobe™ ™~._ _ 1992: 3 mm
‘magic angle' QA.
O Ss5mmnt
| T I I
05 5 50 500

Nanoprobe™ is a trademark of Varian Inc.

-«—— NMR sample fill volume (¥, pL)

Fig. 2 Approximate time-line and qualitative comparison of recent milestone
NMR probe innovations. Mass sensitivity (Sm, linear ‘y’ scale) for 'H NMR of
a hypothetical fixed-mass sample as a function of probe fill volume (Vf, note
the logarithmic ‘x’ scale) for room temperature probes (red line) and
cryoprobes (blue line) at fixed field, Bo. See text for key references.

239

Year:1995

Amount: 180 pmol

HA) g
phorbaside A ~1 mg
phorbaside F 0.007 mg

Moo ¢ ‘oH 1: phorboxazole A 186 mg 3:
4

2: phorboxazole B G13-apimer

ZE

2009

0.15 pmol

5: muironolide A ~ 0.09 mg

Current Opinion in Biotechnology

products. Curr Opin Biotechnol. 2010; 21:819-826.

Molinski TF. Microscale methodology for structure elucidation of natural

240
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Figure 5. Steroids identified from Lucidota atra (—F#HHEEH K R)
fireflies by using CapNMRspectroscopy.

Nongradient HMBC spectra of sufficient quality for structure
determination were obtained for samples containing as little as 40
nmol of material.

241

Current generation 1 mm and 1.7 mm microcryoprobe
NMR spectrometers allow the acquisition of conventional 2D
NMR data with as little sample as a few nanomole.

PnTx = Pinnatoxin
PtTx = Pteriatoxin 7PTxB S POXC

(8 ng, 1:1 mixture)

Tadeusz F. Molinski, Brandon I. Morinaka. Integrated approaches to the configurational
assignment of marine natural products. Tetrahedron 68 (2012) 9307-9343.

242
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BRI HRBIE AR R R N e

(1) NMREWEM D TEMATNREE T A2 —. BHEMRT AR
REBEERLESMRBRE (BEEBRT) BUEWRHEE. ME5H
SR IIHT o

Q) RBFEUBMK. —BEAZAmgbh ERREENNR, RAOEEESD
. ERESVORE. BHERE. HEAGREENH AR
R .

() EMERINF AF T HAMRERINH. 7THTRS T R BRER R
B3 (WHER) , NERNEEZFES, tha] IS —&ib 2 R B
HATIERE.

(4) NMR spectra are capable of supplying information about molecular
interactions in solution. When a drug interacts with a receptor in a
reversible manner, a number of effects may be observed in the
spectra due to the exchange of the molecules between free and bound

states.
243
e i '*- varian ACQUISITION STATUS ,1
lH NMR L va-ifmfmllsrlou =
;' Integrate, Enlarge and Print
|
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NMR

NMR spectra have been a major tool for the study

of both newly synthesized and natural products isolated from
Nature since 1950s. In the 1980s a second revolution occurred.
The introduction of reliable superconducting magnets
combined with newly developed, highly sophisticated pulse
techniques and the associated Fourier transformation
provided the chemist with a method suitable to determine the
3-dimensional structure of very large molecules, e.g.

biomacromolecules.

245

Principles

The NMR experiment makes the direct
observation of atoms possible. The integral of an
NMR signal is strictly linear by proportional to
the amount of atoms in the probe volume. The
signals are a measure of molar ratios of

molecules, independent of the molecular weight.

246
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NMR Spectrum

Compared to conventional methods, NMR
offers several advantages. It is a non-destructive
and reproducible technique, which can be applied
to samples of the order of few milligrams in their
native form, and performed in a reasonable time

without degradation or chemical modification.

247

Disadvantage

An obvious limitation of NMR
technique, however, concerns the
determination of absolute configuration
which must be achieved by conventional

procedures.

NMR is awesome except when H/C is less than 0.7.

248
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Resolution vs Instrument Frequency

AVAV. A\”U (\\::_ 80 MHz
TNL

IS
L

250
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60 MHz
ABCZ&R %

BLIEENTG AR A SRS

100 MHz
‘ABX R %t

220 MHz
"AMX AR 4t

3000 2400 1800 1200 600
2700 2100 1500 0

0
I I I I B

10 9 8 7 6 5 4 3 2 1 0

300
300 x 10°

x 10®== 5 1.00 or 1 ppm

600 x 10°

A A T A

__ 600 ;0% — 51.00 or 1 ppm

6000 5400 4800 4200 3600 3000 2400 1800
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C H,,0s B H-NMRIEW T, #HEFHAJRERILEH
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Informative NMR Parameters

Chemical shift

Spin-spin splitting

Line widths

The nuclear Overhauser effect

Chemical exchange.

255

S) ) i)

e S MR AR ELAE R (T4
WERSR ERERME, RIRD.
HmERREERBEESR (O Rx, B0 Hz
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Abbreviations for proton multiplicities:

s = singlet, d = doublet, t= triplet,
q = quartet, m = multiplet.
Higher multiplicities are given in full i.e.

quintet, hextet, heptet, efc.

S J I3
ot 1l3 A
71 r>|J |+'|‘T |
i I
doublet triplet quartet quintet

257

NMR Spectrum

The X-axis of the spectrum is called the delta scale (d)
with units of ppm and the Y-axis is an intensity scale. The
height of the peak on the Y-axis is proportional to the
number of 'H nuclei in the molecule with the same

chemical shift.

0 is a ratio of Hz/MHz, the result is a ratio without

units (1/1 X 10%) or one over one million. A better term for

"one over one millionth" is parts-per-million or ppm.

258
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Z B
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In 1951, the proton spectrum of ethanol with three distinct resonances showed

the potential of NMR for structure elucidation of organic compounds. 55

TH-NMR of ethanol (CH;CH,OH)
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Chemical Shift

The frequency of absorption for a nucleus of interest
relative to the frequency of absorption of a molecular
standard is called the Chemical Shift of the nucleus. The
molecular standard for both 'H and 3C-NMR spectroscopy
is (TMS) tetramethylsilane. Because of molecular symmetry
all 12 protons of TMS absorb at the same frequency and all

4 carbons absorb at the same frequency.
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NMR Solvents

Most NMR spectra are recorded for compounds
dissolved in a solvent. Therefore, signals will be observed
for the solvent and this must be accounted for in solving

spectral problems.

H. E. Gottlieb, V. Kotylar, A. Nudelman, 'H-NMR Data of solvents and
impurities. J. Org. Chem. 1997, 62: 7512-7515.
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NMR Solvents

To avoid spectra dominated by the solvent
signal, most "TH-NMR spectra are recorded in a
deuterated solvent. However, DEUTERATION IS
NOT "100%", so signals for the residual protons
are observed. In deuterated chloroform solvent
(CDCl,), this corresponds to CHCl;, so a singlet
signal is observed atd 7.26 ppm.
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NMR Solvent Signals

I'H
Acetone 2.05
Acetonitrile 1.94

Benzene 7.16
Chloroform 7.26

13C
206.7, 29.9
118.7, 1.39
128.4

77.2

Methanol
Pyridine

Water (D,0) 4.8

4.87, 3.31
8.74, 7.58,7.22 150.3,135.9,

49.1

123.9
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7512 ( J. Org. Chem. 1997, 62, 7512-7515 )

NMR Chemical Shifts of Common
Laboratory Solvents as Trace Impurities

Hugo E. Gottlieb,* Vadim Kotlyar, and
Abraham Nudelman*

Department of Chemistry, Bar-llan University,
Ramat-Gan 52900, Israel

Received June 27, 1997

In the course of the routine use of NMR as an aid for
organic chemistry, a day-to-day problem is the identifica-
tion of signals deriving from common contaminants
(water, solvents, stabilizers, oils) in less-than-analyti-
cally-pure samples. This data may be available in the
literature, but the time involved in searching for it may
be considerable. Another issue is the concentration
dependence of chemical shifts (especially 'H); results
obtained two or three decades ago usually refer to much
more concentrated samples, and run at lower magnetic
fields, than today's practice.

We therefore decided to collect 'H and '*C chemical
shifts of what are, in our experience, the most popular
“extra peaks" in a variety of commonly used NMR
solvents, in the hope that this will be of assistance to
the practicing chemist.
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HDO Chemical Shift
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Figure 1. Chemical shift of #DO as a function of tempera-
ture.

dependent (vide infra). Also, any potential hydrogen-
bond acceptor will tend to shift the water signal down-
field; this is particularly true for nonpolar solvents. In
contrast, in eg. DMSO the water is already strongly
hydrogen-bonded to the solvent, and solutes have only a
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Table 1. 'HNMR Data
proton mult CDCly (CD3)2CO (CD3)zS0 CeDg CD3CN CD3;0D D20
solvent residual peak 7.26 2.05 2.50 7.16 1.94 3.31 4.79
H20 s 1.56 2.842 3.33% 0.40 2.13 4.87
acetic acid CH3 s 2.10 1.96 1.91 1.55 1.96 1.99 2.08
acetone CH3s s 2.17 2.09 2.09 1.55 2.08 2.15 2.22
acetonitrile CHjs 5 2.10 2.05 2.07 1.55 1.96 2.03 2.06
benzene CH s 7.36 7.36 7.37 7.15 7.57 7.33
tert-butyl alcohol CHj s 1.28 1.18 1.11 1.05 1.16 1.40 1.24
OH* s 4.19 1.55 2.18
tert-butyl methyl ether CCHa s 1.19 1.13 107 1.07 1.14 1.15 1.21
OCHjs s 3.22 3.13 3.08 3.04 3.13 3.20 3.22
BHT? ArH s 6.98 6.96 6.87 7.05 6.97 6.92
OH¢ s 5.01 6.65 4.79 5.20
ArCH; B 2.27 2.22 2.18 2.24 2.22 2.21
ArC(CHa)s s 1.43 1.41 1.36 1.38 1.39 1.40
chloroform CH s 7.26 8.02 8.32 6.15 7.58 7.90
cyclohexane CH: s 1.43 1.43 1.40 1.40 1.44 1.45
1,2-dichloroethane CH: s 3.73 387 3.90 2.90 3.81 3.78
dichloromethane CH; s 5.30 5.63 5.76 4.27 5.44 5.49
diethyl ether CH; y i 1.21 1.11 1.09 L1l 112 118 1.17
CH: q.7 3.48 341 3.38 3.26 3.42 3.49 3.56
diglyme CH: m 3.65 3.56 3.51 3.46 3.53 3.61 3.67
CH: m 3.57 3.47 3.38 3.34 3.45 3.58 3.61
OCHjs s 3.39 3.28 3.24 3.11 3.29 3.35 3.37
1,2-dimethoxyethane CH; s 3.40 3.28 3.24 3.12 3.28 3.35 3.37
CH; s 3.55 3.46 3.43 3:33 3.45 3.52 3.60
dimethylacetamide CH3;CO s 2.09 1.97 1.96 1.60 1.97 2.07 2.08
NCHs s 3.02 3.00 2,94 2.57 2.96 3.31 3.08
NCH3; B 2.94 2.83 2.78 2.05 2.83 2.92 2.90
dimethylformamide CH s 8.02 7.96 7.95 7.63 7.92 7.97 7.92
CH, s 2.96 2.94 2.89 2.36 2.89 2.99 3.01
CHj s 2.88 2.78 2.73 1.86 2.7 2.86 2.85
dimethyl sulfoxide CH; s 2.62 252 2.54 1.68 2.50 265 2.71
dioxane CH, B 3.71 3.59 3.57 3.35 3.60 3.66 3.75
ethanol CH,3 1.7 1.25 1.12 1.06 0.96 142 1.19 1.17
CH; q,7¢ 3.72 3.57 3.44 3.34 3.54 3.60 3.65
271
Table 2. '*C NMR Data®
CDCls (CD;3):CO (CD3)280 CsDg CDsCN CD;0D D:0
solvent signals 77.16 = 0.06  29.84 £ 0.01 39.52 = 0.06 128.06 + 0.02 1.32 £ 0.02  49.00+0.01
206.26 £ 0.13 118.26 + 0.02
acetic acid co 175.99 172.31 171.93 175.82 173.21 175.11 177.21
CH3s 20.81 20.51 20.95 20.37 20.73 20.56 21.03
acetone co 207.07 205.87 206.31 204.43 207.43 209.67 215.94
CH3 30.92 30.60 30.56 30.14 3091 30.67 30.89
acetonitrile CN 116.43 117.60 117.91 116.02 118.26 118.08 119.68
CHs 1.89 1.12 1.03 0.20 1.79 0.85 1.47
benzene CH 128.37 129.15 128.30 128.62 129.32 129.34
tert-butyl alcohol € 69.15 68.13 66.88 68.19 68.74 69.40 70.36
CH3 31.25 30.72 30.38 30.47 30.68 30.91 30.29
terr-butyl methyl ether OCHs 49.45 49.35 48.70 49.19 49.52 49.66 49.37
C 72.87 72.81 72.04 72.40 73.17 74.32 75.62
CCH;s 26.99 27.24 26.79 27.09 27.28 27.22 26.60
BHT Ccq) 151.55 152.51 151.47 152.05 152.42 152.85
C(2) 135.87 138.19 139.12 136.08 138.13 139.09
CH(3) 125.55 129.05 127.97 128.52 129.61 129.49
C4) 128.27 126.03 124.85 125.83 126.38 126.11
CHsAr 21.20 21.31 20.97 21.40 21.23 21.38
CHsC 30.33 31.61 31.25 31.34 31.50 31.15
C 34.25 35.00 34.33 34.35 35.05 35.36
chloroform CH 77.36 79.19 79.16 77.79 79.17 79.44
cyclohexane CH; 26.94 27.51 26.33 27.23 27.63 27.96
1,2-dichloroethane CH; 43.50 45.25 45.02 43.59 45.54 45.11
dichloromethane CH; 53.52 54.95 54.84 53.46 55.32 54.78
diethyl ether CHj 15.20 15.78 15.12 15.46 15.63 15.46 14.77
CH, 65.91 66.12 62.05 65.94 66.32 66.88 66.42
diglyme CHj 59.01 58.77 57.98 58.66 58.90 59.08 58.67
CH; 70.51 71.03 69.54 70.87 70.99 71.33 70.05
CH; 71.90 72.63 71.25 72.35 72.63 72.92 71.63
1,2-dimethoxyethane ~ CHjy 59.08 58.45 58.01 58.68 58.89 59.06 58.67
CH; 71.84 72.47 17.07 72.21 72.47 72.72 71.49
dimethylacetamide CH;3 21.53 21.51 21.29 21.16 21.76 21.32 21.09
co 171.07 170.61 169.54 169.95 171.31 173.32 174.57
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TMS

It used to be common practice to add Me,Si, or related
compounds, as an internal reference standard for 'H and
13C NMR spectra with the proton signal occurring at 0.0

ppm and the carbon signal occurring at 0.0 ppm in the 13C
NMR spectrum. However, modern spectrometers can
"lock" on solvent signals, so addition of internal

reference standards is not usually required.

CDCl,;, 7.26 ppm for H and 77.7 ppm for C.

277

In the NMR spectrum of an organic

compound, peaks appear at the positions of
absorption, also called the positions of resonance
or precession frequencies, for different nuclei in
the molecule. The exact chemical shift of a
particular nucleus in a molecule gives us
information about how the atom with that nucleus

is bonded in the molecule.
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HENFZ

o FEH EMBC &P EREY TMS BILAABAE 6=
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IEEWAE, wH K SMEDNT 20, 3CH SKESTE 0-
250, T '5Pti & AT A 13000,
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Chemical shift

Chemical shift is defined as
nuclear shielding / applied magnetic
field.

Chemical shift is a function of the
nucleus and its environment.
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= X108
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R k, TMSt=10 ppm

SR P HE B CPS 7 86, AR4 B P X S
ThEK, HE—T.

19704F, [ PRApeEAn b AL & IUPAC) AL
B —EKMME, HHETMSE L ESE AN IE,
HILIESERR .

282

RIRGIIIC 7 Bt = S 37 SRR

51



BB R K 52 25540582018

AMERN:

134-0
60 MHz o=
60X 10
223-0
100 MHz &=
100X 10°

X10=2.23 ppm

X10=2.23 ppm
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'H NMR Chart Paper

Figure 1. NMR chart papers for '"H and “C NMR.

13C NMR Chart Paper
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ﬁl\j\i

o =u: 250 MHz COOH
OAc
() 80 MHz
80 MHz
. . Fig. 0.1 (a) 80 and (b) 250 MHz
8.0 70 'Hspectra of aspirin in acetone-ds
ppm solution.
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22 TH-NMR §: Chemical Shifts

J: Coupling Constants
Splitting Pattern
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Factors Affecting Chemical Shifts

* @ Substitution and Hybridisation

* @ Inductive and Conjugative effects
* @ Anisotropic effects

* @ Van der Waals force

* @ Hydrogen-bonding

* @ Solvent effects
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Conjugative Effect : Shielding

f\(ﬁ 46 ¥\
CH;-CH=CH-C-CH, CH;-CH=CH-0O-CH;
19 68 62 2.1 " 62

4.85 (ﬁ)

H gﬁfﬁ-cm Hy H 6'131§ QC'O'CHS
C= — C=

) N1 H /C . v MH

4.55 7.25 5.28 5.82 6.20
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