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2D - NMR

Preparation Evolution = Mixing  Detection

tl t2

During the evolution time (t1), the prepared magnetization evolve with
chemical shift and/or coupling from a given nuclei

During the detection time (t2), the final magnetization is detected

The mixing period serves to correlate the nuclei that have evolve during t1
with the nuclei that is being detected during t2.



Free Induction decay : FID

Figure 7.4. Graphical Representation of Some Acquisition Parameters
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Different type of 2D-NMR

A2DJ i NMR : chemical shift vs coupling (J)
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2D Correlation

I Homonuclear : (same nuclel)

A Correlation through bound (J)
I H-H COSY (COrrelated SpectroscopY)
I TOCSY (TOtal Correlation SpectroscopY)

A Correlation through space (NOE)
I NOESY (NOE SpectroscopY)
I ROESY (ROE SpectroscopY)

I Heteronuclear : correlation through bound
AHETCOR, HSQC, HMQC : 1J.,
ACOLOC, HMBC : "J.,

/
&


../Chem806-2120/dcr/html/hetcor.html
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Magretization transler from protons to carbon-13 explained in terma of spin state populations, Frea crecession of the
proton magnetizations during the f, period leaves the Droton vectons in varous possibles positiona in the XY plane. so that the sec-
ond protan 90° pulse rotates the Y companents of thesa magnetizations into the Z direction. The range of cossible crientations in
the X¥ glans al me 1, [eads 1o Droton Spin State populations that may be inverted, saturated, or at Boltzmann squilibium. This re-
sults s changes to the population diferences across carbon-11 transitions, medulating the longiludinal magnretization associated
with 1hess franaitions as a function of 1,. This modulation may b & eooed cul as a function of 1, by applying a 90° carbon pulsa
ong measuring tha resuliant signal, “reading” the information coded into the §, depandencs of the carson ma;;—qjl;allcn_



COSY: evolution during Ca S
tl ——4

Jo, CHCI3 with different t1

O, I.l_ T, AT (%)

n,
t1 Delay

TNDEX VALUE  INDEX VALLE

i 4.006-4 10 2 206-3

2 E.00E-4 i1 2.406-3 c ﬁ &'3

3 0.006-4 12 2. 806-3

4 1.D0E-3 13 2.m06-3 d
5  1.206-3 14 3.006-3

6 1.40E-3 15 3. 206-3

7  1.B0E-3 16 3. 40E-3

8 1.80E-3 17 3.80E-3

5 2.00E-3 i8  3.80E-3




COSY
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'H NMR Spectrum
(300 MHz, CDCI, solution)
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C,H,0: COSY

CH, OH
CH,i CH,i CH,i OH | 1 CH, JJl

lrv.xl....,...rl..-.lrj......l.'.-| ppm

- 'H-"H COSY Spectrum
L (300MHz, CDCl, solution)




Butyl vinyl ether
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CeH120 Butyl vinyl ether: COSY
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'H NMR of
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Heteronuclear : X-detect, H-evolution

HETCOR 1.,

COLOC Ien 3hn

gl C,1i C3| C4| C

| |C4|C



HETCOR of tetraacetyl methoxy glucose
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ldentifying an unknown: C8 H14 O
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C,Hy O: COSY “ty CH, CH, chHCH,
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HETCOR of 3-Heptanone
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Heteronuclear : H-detect, X-evolution

og LY
HMQC Y H LU N G R
HSQC CiCi I C,1 C31T C41 C

2 3

~ 8 times more sensitive thandétect



¢

PRm

T T T T T T T T T T T T T T T T
1.4

PRM



C=0

CH
C LH
G CH, CH, i
Al Il Nll
B | — 4
""""" o0 15 D

40

1]

g0

100

120

140

160

180

200



3

H,C
HsC )——CH,

H,C

=CH,

CH3 -C=

i

CH: isopropyl
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HMBC
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Butyl butyrate ) Ve
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Butyl butyrate :
COSY
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Butyl butyrate :
C13
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Butyl butyrate :
HSQC
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COSY-90: i " cosy-90
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Homonuclear: Coupling

COSY

Relay:COSY

TOCSY

Jn
(7>

RO @

CiCiCiGCiGCyTCi1C

06 W ® @

CiCiCiGCiGCyTCi1C



Relay-1 and Relay-2 COSY on disaccharide
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HOMONUCLEAR HARTMANN-HAWN 20D
Rej.: D.G Davis g As Bax, JACS | 107: 2820 (85)

TOCSY or

HOHAHA g
” SPIN-LOCK [\]\/\/v
90* _
e
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Mixiwds P

r+

HOHAHA: HOmonucleaHArtmanrHahn (Bax et.all)

TOCSY: TOtal CorrelationSpetroscof



