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TH-NMR Examples
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STRRD FRRGURNRAREEMIE R ETOHT INDEX FREQUENCY (PPH) HEIGHT
Sowent: COG1Z.752 16.8 40 1.586 1.8
Temp. 20.0 C 4 28%.1 K 18.2 a1 1.860 6.7
Sk Sl A I B pectrum
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aefac etay L8 e 770 - i e
Acd. time 2.0d8 55dc 15.9 45 1.778 7.8
didin 80005 Hza1s 5.9 a6 1.773 18.0
£ skan 0 47 1.764 1.1
Yo .gi,}%ﬁ?”““ ] a8 1.757 9.7
i9ize 65536 7.401 2.8 49 1.608 19.5
Toyql time 1 mimgey 34.0 50 1.583 72.6
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13 6.237 25.8 52 i.190 6.7
14 6.705 24.4 53 1.180 6.7
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17 5.834 15.6 56 0.984 80.6
18 5.813 13.6 57 0.907 3.8
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21 .s20 16.6 60 0.859 2.0
22 .s27 3.6 61 0.734 1.3
23 664 z.0 62 0.776 512
24 .168 5.5 63 0.019 5.9
25 .158 6.9 64 0.012 200.9
26 .907 2.1 65 0.006 8.0
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Some examples: Sesquiterpene
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NOEan'f %ﬁﬁiﬁjﬁ‘l‘%%H'E}, H'49 H'S%B%}iﬁa\é/\ o
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Purity determination (w/w NMR)

While NMR is primarily used for structural determination, it can also be
used for purity determination, provided that the structure and molecular
weight of the compound is known. This technique requires the use of an
internal standard of known purity. Typically this standard will have a high
molecular weight to facilitate accurate weighing, but relatively few protons
so as to give a clear peak for later integration e.g. 1,2,4,5-tetrachloro-3-
nitrobenzene. Accurately weighed portions of the standard and sample
are combined and analysed by NMR. Suitable peaks from both
compounds are selected and the purity of the sample is determined via
the following equation.

R ARZGL 0 3 sh 5 S
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I3C-NMR Spectrum
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I3C-NMR Spectrum

In a BC-NMR spectrum the area under the
signal is not simply proportional to the number
of carbons giving rise to the signal because the
NOE from proton decoupling is not equal for all
the carbons. In particular, unprotonated
carbons receive very little NOE, and their

signals are always weak.

526
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129.29¢
21,708
816

531

DEPT

CH H H
CH ?
H CCH,CH,CH,CH,
H H CH,
CH Focn,  cn,
fo}
(Il,
C
200 180 160 140 120 100 80 60 40 20 0

Chemical shift (8, ppm)

Distortionless Enhancement of Polarization Transfer, abbreviated as
DEPT.
532
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CH,| CH;
200 180 160 140 120 100 80 60 40 20 0
Chemical shift (5, ppm)

Distortionless Enhancement of Polarization Transfer, abbreviated as

DEPT.
533

S Y

S0 BC-NMREV{L AL BB E =
1. Z&4b: SAESZRRIR F2RALKIEEm, HIRFS56,F1T.
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8C-F > 8C-Cl > 6C-Br > 8C-I
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22.1
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Tetrahedron, 2013, 69: 8505

Phytochem. Lett., 2012, 5: 78
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Phytochem. Lett., 2012, 5: 78 Phytochem,2008, 69: 299;’,539

Phytochem Lett,2012, 5: 297
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Position 2 3
oy (mult, J, Hz) d¢ (DEPT) 3y (mult, J, Hz) ¢ (DEPT)
1 151.8 (C) 151.8(C)
2 568 brs 125.0 (CH) 5.57 brs 122.0 (CHy)
3 251d(17.4) 459 (CHy) 2.40 br s (2H) 46.7 (CHy)
233dd (174,3.2)
4 81.5(C) 813 1(C)
5 2.82dd (12.6,4.8) 54.7 (CH) 270 brd(12.0) 55.4 (CH)
6 2,18 ddd (12.6, 4.6, 3.2, Heg) 32.0(CH3) 2,06 ddd (13.2, 4.7, 44, Hey) 325 (CHy)
1.01 br dd (12.2, 12.2, Hy) 1.34 br dd, overlapped
7 3.07 dddd (11.8,9.2, 3.1, 3.0) 45.6 (CH) 339m 42.2 (CH)
8 383 ddd (11.2,92,.44) 81.8 (CH) 5.15 ddd (11.7, 4.5, 3.5) 77.5 (CH)
9 249 dd (13.8, 44, Heg) 46.5 (CHy) 229 dd (13.8, 40. Hy) 425 (CHy)
2.08 dd (13.8, 11.2, Hyy) 1.76 dd (13.8, 12.1, Hy)
10 702(C) 69.6 (C)
11 139.8 (C) 140.4 (C)
12 170.0 (C) 170.1 (C)
13 6.21d(3.0) 120.1 (CHz) 6.26 d (2.8) 121.6 (CH3)
552 d(3.0) 5.59 d (2.4)
14 1.58s 30.7 (CHsy) 154s 29.9 (CH;)
15 1.39s 23.3(CH,) 136 s 245 (CHy)
541

Bioorganic & Medicinal Chemistry Letters 2011, 21: 366

Phytochem, 2001, 58: 1189

542
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Chemical Shift (ppm)
Formula C,JH,0, |FW 2483175
Time (sec) 09789 Comment 0951412 Yucheng Gu ZML-16 [ Date Dec 92009
Date Stamp Dec 92009 | File Name \iriapfi04\NMRp: Projects\09st412ICARBON_01.fid\fid
Frequency (MHz) 150.85 Nucleus 13C Number of Transients 2048 Original Points Count 32768
Points Count 262144 Pulse Sequence s2pul Receiver Gain 60.00 | solvent CHLOROFORM-d
Spectrum Offset (Hz) 164331406 | Spectrum Type STANDARD | Sweep Width (Hz) 33472.80 [ (degree C) 25.000
No. | Atom Exp. Shift (ppm) o 0
1 2 61.05 /v\xf 16
2 3 67.39 HyC /5*"\ |
3 4 3244 15
4 5 39.40
CH.
5 6 75.04 172
6 8 169.53
7 9 136,57
8 10 36.94
9 11 37.26
0] 12 29.40
1 13 16.33
12 | 14 37.56
B 15 2384 s @
14 |17 12366 £ g 5 a2
15 18 17.94 g s s g % &2
e 5 & 38
8 E g PoT e
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3 B 3
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8 5 I
g T
2
2
|
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1‘?(@& .JL‘(%'EEE&

Flm BC-NMRHLFABHIE R

5. MR BRI RE KRS AEZ L4 ppm,
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Formula C,H,0, |FW 2483175

Time (sec) 0.9789 Comment 095t412 Yucheng Gu ZML-16 [ Date Dec 92009
Date Stamp Dec 92009 | File Name Wfriapfi0: Projects\095t412\CARBON_01.fidfid
Frequency (MHz 15085 Nucleus 13C Number of Transients 2048 Original Points Count 32768
Points Count 262144 Pulse Sequence s2pul Receiver Gain 60.00 Solvent CHLOROFORM-d
Spectrum Offset (Hz) 164331406 | Spectrum Type STANDARD _| Sweep Width (Hz) 33472.80 (degree C) 25.000
No. | Atom | _Exp. Shift (ppm)
1 2 61.05 o i
2 [ 3 67.39 |
3 4 3244 .
4 5 39.40 10 \\CH
5 6 75.04 17 2
6 8 169.53
7 9 13657
8 10 36.94
9 1 37.26
0] 12 29.40
[NEEE 1633
2] 14 37.56
B3] 15 2384 s
1 | 17 123,66 € § o8
15 18 17.94 g 8 g o =1
g g i 1
T s J T
C=0 e
[ s 3
5 -1 ‘%
8 S
T f
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Chemical Shift (ppm)
CHj -9
O/ 4/0\170 SEE
>j \J/ N
HO—g / \e SN %/
\_ S \
8=——7 A
HaC—0 7 \\
[
\ CHy
OH
N
N
8 8
> 8
[s2]
C=0 © S 287 5 88533
o Soenb8Y T T 89583
= St T AN AR
TOI NN
= \SSQ:;
\ S ]
L J 1
180 160 140 120 100 80 60 40 20
Chemical Shift (ppm)
554

R ARZGL 0 3 sh 5 S

27



BB R K 52 25540582018

Baicalin-13C
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R IR IR =

: 1) ZERETF FHRLTEEFEEN BEER
2) th AL VE R K (F]#833200 ppm)
3) W E R IR T R E
4) HEREI R IR TR], FIESBhHR NIRRT
MR REFER. SRtz
BCRAREE: 1.1%; S/Necy3, yC3/yH3 ~ 1/64
(FE [RS8 L5 264 T R A5 1111/6000)

Ei'
~
-
|
»

BCE P R ERNE B RIAIES

557

Obstacles needed to be overcome before
carbon NMR emerged as a routine tool :

i) As noted, the abundance of 13C in a sample is

very low (1.1%), so higher sample concentrations

are needed.
ii) The 13C nucleus is over fifty times less

sensitive than a proton in the NMR experiment,

adding to the previous difficulty.

558
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NMR spectrum.

Obstacles needed to be overcome before
carbon NMR emerged as a routine tool :

iii) Hydrogen atoms bonded to a 13C atom split its
NMR signal by 130 to 270 Hz, further complicating the

iv) Unlike proton NMR spectroscopy, the relative
strength of carbon NMR signals are not normally

proportional to the number of atoms generating each one.

559
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Chemical shift ranges utilized for disfunctionalization of the 3C NMR data
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A4

BRI R IIE BT

Examples of 13C-NMR Spectra
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Figure 12.17. Edited DEPT '3C spectrum of artemisinin. (Contributed by David Lankin and Geoffrey Cordell)

20 (brw) 0

et iy it e

I

oo ! L s
g%
2=
"R
v 5 l | “’ || ‘
i Y y ; i y P kRadanaal ' P Y
0 190 150 170 160 150 40 130 20 100 ] 0 60 0 40 30 20
582

RIRE

oA S O SIS SR

41



BB R K 52 25540582018

ol A i vl B R AT

B L R
D X HaRmg. B, RNERRFRNIEL;
2) TEAMEME
3) PR FHBLHE DT URARA
TR RIZE, BT —E R
4) BIRTHBHHE GHFRIZEBHE) ;
5 BETHMER X WX, AEMX, RETX, FEX
6) HEMEEHEIT, HAEF RSN,
7) e KIS HRATRRESE N .

583
¥ s R T i RO R AT
AWA7S =

Rz
R 6 Ry ?O 530.0 ppm
— R (o} CH
(0] (0] 1 | %’ 3
AN H HE)\»_:C‘*‘E 598.5 ppm L —
syn-1,3-diol \I® /' 519.6 ppm
acetonide nOe
(meso) (a) Chair
n0e
Ry, H* \  524.6ppm
Ry4 6 R, 2 O. CH
- — 3
\é/\c:)/ = { S 51006 ppm L —
>R O CH,
Ri 'H / & 24.6 ppm
anti-1,3-diol —
acetonide nOe
(Cy-symmetric) Twist-boat
(b)
Fig. 1. Conformations, chemical shifts, and NOES for (a) syn-1,3-diol
acetonide (SDA) and (b) anti-1,3-diol acetonide (ADA).
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* The meso-like syn-1,3-diol acetonide (SDA), adopts a chair
1,3-dioxolane conformation with axial and equatorial
methyl groups. The anti-1,3-diol acetonide (ADA) with C2-
like symmetry, prefers the twist-boat conformation to
minimize 1,3-diaxial interactions; and the methyl groups
are almost equivalent. In the SDA, the axial and equatorial
methyl groups resonate atwd 30 ppm and wd 20 ppm,
respectively. In the ADA case, the methyl group chemical
shifts are almost identical to each other (wd 25 ppm). As the
size difference of substituents at C4 and C6 increase, the
1,3-dioxane ring tends to adopt a chair conformation (Fig.
1). It should be noted that the symmetry elements in 1,2-diol

acetonides are also useful for assignment purposes. o

iR — 4 i

2D NMR Spectrum
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HMQC (Heteronuclear Multiple Quantum
Coherence) Direct proton-carbon coupling: 1J

assign CH, CH, and CH, carbon signals

N C/
~N
| ~CHj
591
T
H,C—C—CH,—CH,—CH,—CH,;

'H chemical shift (8), ppm: 2.1 24 1.6 13 09
3C chemical shift (8), ppm: 30 43 26 22 14
- | L ‘ ‘

o e

.}

124

24 )

" l

16 ‘:]

18 -

0 1

2] \{ —

.

L [
4 40 30 0 15 ppm
592

FARLIA 2 5 S SO



BB R K 52 25540582018

ﬁlij\i

8.1.1 HMQC (4§ 4317, 2 M 44)

(X: 13C,y> 0)

i

1 6
ppm

6 o
5 - - 20
1 < |
4 -
- 40
3 S - 60
0 ] - 80
)k 3 5
PG e N 100
1 4 6
n-butyl acetate 120
140
160
24
o | ] i3 | wa T I R 75 I | 1 A hDic
45 4.0 35 3.0 25 2.0 1.5 1.0 ppm
593
/ 421 =
8.1.2 HMQC (ﬁﬁ" Jax il %) s 6 55
3 E 7l
L)
N ppm
Q 9 L - 60
1
y )
-} N 67 .‘ F 70
HO. 9 3 7/4&
o N 0 8 . - 80
8 5
5 3 = E 50
"6
OH OH 5 g E100
uridine
=110
3
3 =120
3 ~130
3 » 140
T T T

T T T T T T T
85 80 75 70 65 60 55 50 45 40 35 ppm

594

2P A T = SR SR




BB R K 52 25540582018

ﬁl\j\i

F1

(ppm)
15 4
20 1
25 4
30
35

45

s0{ ¢ @
ss] @ o

60
65

40 § ]

¢
3.8 34 3.0

26 22

F2 (ppm)

T8

1.4

T 1.0

HMQC of 40 pg of Strychnine in 160 pl benzene 500 MHz

595

M HMQC

O5ar24/3
HOPE {shape pulse- for-inversion- Crp6Bcomp;4)

80 79 78 77 76 75 74 73 712 71 70 69 68 67 66 65 64 63 62 61
f2 (ppm)

f1 (ppm)

596

2P A T = SR SR

48



BB R K 52 25540582018

HMQC RO Vas
PO N o 0

-a8-7/3
HSBE (shape pulee-for-nversion -+ Crp6Ocomp4)— + . - - + L 1 1 | ! I o kss

60
65
-70
F75
r80
85
ron
95
rloo
ri0s
‘0 | ! ! ! | 1 I ! ! I 1 ! ! ! ! ! F110
%] T T I T T T T T T T T F115

& ! 1 + ! 1 1 ri20

78 76 74 72 70 68 66 64 62 60 58 56 54 52 50 48 46 44 42 40 38 597
f2 (ppm)

1 (ppm)

HMQC J 1

E 598
65 60 55 50 45 40 35 30

R ARE I T 52 3R SO



BB R K 52 25540582018

BC-TH COSY Spectrum of (25)-5, 2', 5'-trihydroxy-7, 8-dimethoxyflavone
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HMBC (Hetero-nuclear = Multiple Bond
Correlation) Coupling between protons and
carbons that are more distant that one bond

away assign quaternary carbons.
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Comparing UV, IR, MS and NMR

1. Cost: NMR >MS > 1R > UV
2. Ease of Usage: UV > IR > NMR > MS
3. Scope and Information Provided:
NMR >MS > IR > UV
4. Theoretical background:
NMR >>MS > UV =1R
5. Sensitivity MS > UV > IR > 'TH-NMR > BC-NMR
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