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Jigsaw 4B
2D NMR: NOESY and EXSY

1. The 2D NOESY (Nuclear Overhauser Effect SpectroscopY) experiment gives
information on through-space interactions, which can be used to identify protons
which are close in space. Below, you have the aromatic region of the *H 2D NOESY
spectrum of 12,14-ditbutylbenzo[g]chrysene. Assign the different aromatic *H peaks.
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2. [Week 3 Slides 71-80] Consider the EXSY spectrum of a symmetrical 2 spin (A and B)
system. The intensity of the four peaks are given by the following equations:

haa () = 1+ exp (~2KT,) ] (~T /T Mo
Ioa (t) = 3 [1 + exp (~2KT)exp (/1) Mpo
laa () = 5 (1~ exp (~2KT,,)exp (~T1s/T:)M g
I (t) = 5 (1~ exp (~2k)]exp (=T /T ) Mag

a. Draw the 2D EXSY spectrum, taking into account the relative intensity of
diagonal and cross peaks, at the following values of ktm:

i.ktm=0 i. ktm < 1 iii. ktm = 2 iiv. ktm > 2
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b. For each plotin (a), explaln what is Fmappenlng to the peak intensity and why.

kTm=0 2 No mixiag time 2 Mo exchange bae @ gx'(-lkT.):qu(o) =l D‘.QJ..J praks  are ot maximum

kTmtc) 5 Miaimal exchange N m:xh& tme , weale Croy ?euk ﬂm?\'\“’u‘lj
ETm~l 9 Medivm  exchange | think | understand what you mean, but
btm 32 D Fast echange this isn’t the clearest way to explain it

c. 2D exchange spectroscopy is used to determine exchange in which motion
regime? Explain why.

2D esxchange SYe.dwsu'7 is wse 4 x.,.- determine Lx(‘\ut\aw__ N the  slow
region, the diagonal  and  cress peaks are  teo beoo dened and do  net Rorm
cotble puda B it metion [ we ealy e aae peak siace theevieaged
The  slow  motion  mgime s Yhe only  motien regime wheeo 20-NMR
sigaiYicandt,

A bit confusingly worded...correct that
EXSY is useful in the slow motion
regime because that’s the only region
where we would see distinct chemical
shifts for the sites in exchange. The
peak broadening happens as we
approach the intermediate exchange

ii. The mixing time is smaller than the exchange constant,
so we only see very minimal evidence of mixing
iii. The mixing time is on the same scale as the exchange
constant, so we see the maximum signal for this system
iv. When the mixing time is much larger than the regime, and the averaged peak is
exchange constant, we get the effects of relaxation added visible in fast motion. Note that other

in, so our overall signal intensity decreases forms of 2D NMR (COSY, HSQC, etc.)
can still be very significant and useful
even in systems with fast exchange!
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ii. The mixing time is smaller than the exchange constant, so we only see very minimal evidence of mixing
iii. The mixing time is on the same scale as the exchange constant, so we see the maximum signal for this system
iv. When the mixing time is much larger than the exchange constant, we get the effects of relaxation added in, so our overall signal intensity decreases
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A bit confusingly worded…correct that EXSY is useful in the slow motion regime because that’s the only region where we would see distinct chemical shifts for the sites in exchange. The peak broadening happens as we approach the intermediate exchange regime, and the averaged peak is visible in fast motion. Note that other forms of 2D NMR (COSY, HSQC, etc.) can still be very significant and useful even in systems with fast exchange!
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2D NMR: NOESY and EXSY

1. The 2D NOESY (Nuclear Overhauser Effect SpectroscopY) experiment gives
information on through-space interactions, which can be used to identify protons
which are close in space. Below, you have the aromatic region of the *H 2D NOESY
spectrum of 12,14—ditbutylbenzo[g]chryiene. Assign the different aromatic *H peaks.
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2. [Week 3 Slides 71-80] Consider the EXSY spectrum of a symmetrical 2 spin (A and B)
system. The intensity of the four peaks are given by the following equations:

1
Laa(t) = 2 [1+ exp (—2ktp)]exp (—Tm/T1)Mao
1
Igp(Tm) = 2 [1+ exp (—2kty,)]exp (—T,/T1) Mg
1
Lip(t) = E[l — exp (—2kTm)]exp (—Tm/T1)Mpo

1
Iga(Ty) = > [1—exp (—2kT,,)]exp (T /T1)Myo
Draw the 2D EXSY spectrum, taking into account the relative intensity of

a.
diagonal and cross peaks, at the following values of ktp,:
i. ktim=0 i, kt <1 iii. ktm =2 iiv. ktm >> 2

b. For each plotin (a), explain what is happening to the peak intensity and why.

2D exchange spectroscopy is used to determine exchange in which motion

C.
regime? Explain why.
Jigsaw 4B  — Question 2
(b) symmeinc  =— Mao = Moo
(toking ino account the relakive inlensities ~ exp (=tm/T)) cancels out)
Utn =0 == (relalive intensities) Taa = | = T ! —— N0 emluanga =—— only diagonal peaks
Iap =0 = Iea
a
(qcl)
ktm & | == Taa = 0909 = Twm ——  cmall exchange mie , off — diagonal
Ia =+ 009 = Tea peaks slarl Jo show as  exchange rale
c is  sufficient for an exchange Jo be
ktm * 2 — (Taa=Tw) >o05 delecied during ihe mixing fime C2m)
(Tae = Inn) Lo0s Y —— exchange rale increases J,_-( | = e:p(-zmn)) approaches (05)
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KTtm = L —_ Mlaa = Lek J 7 WD aeiecteq ﬂl.l.rm? the mnmg Hime ( Em)

(Tas = Tea {of§ —— excha rale  increases L (1 2 exp(=21in) approaches (035)
nge ;

Kim N 2 — Tan = Tee = 05 —— equilibium , fast exchange limil

Tea = Tag =075
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