Summer 2013 Chem 637 — Lab #4

Assignment due at beginning of labs July 23-29.

Use TopSpin on Callisto or Persephone for this HW.

This week you will learn how to setup and acquire 2D experiments, both “routine” and more
advanced, using the TopSpin environment. This is a 2 week lab. Routine experiments — cosy and
hsqc — will be done the 1% week. More advanced experiments — tocsy, hmbc, noesy and roesy —
will be done the 2™ week.

1.

Acquire high-quality “routine” 2D data (1°' week)

Some types of 2D data can be acquired in a relatively standard fashion: few parameters changes need to be
considered. cosy (COSYGPSW) and hsqc (HSQCEDETGPSISP, HSQCETGPSISP) are primary examples,
where correlations of 'H to other 'H or °C provide (often very) useful information. For these experiments,
the following parameters should be checked:

dl — >Ty(longest of interest)
— default = 2s
— peptides and proteins can often be run faster, up to d1=1s
— samples in O,-free atmospheres: check T, values to avoid potentially serious artifacts, as
relaxation can get significantly longer than “normal”

|. AQJF2] <£0.2s for hsqc ; 10n§er values can damage the cryoprobes (DCH and Prodigz! I

TD[F1] — 128to 512 is typical
limits resolution overall for cosy, and in the '*C dimension [F1] in hsqc
F1 resolution ~ SW[F1]/TD[F1]
linear prediction can improve the resolution; but TD[F1] remains as the limiting factor

ns — check the pulse sequence listing (toward the end) for minimum ns settings;
for hsqc and hmbe, the 1% row should show proton peak intensities; otherwise ns should be
increased; if the peaks are large, decrease ns (but not below the minimum)

(a) Acquire a proton spectrum of a sample of your choice, with knowledge of T, values for this sample.
You can use the facility samples sucrose in D,0, or thio-glucose in CDClj; as alternatives.

sucrose thio-glucose

AcO

(b) Acquire a "*C spectrum (if possible) of the same sample. This step is not required, but can be helpful
when 1* working with hsqc and hmbc data. Similar with a dept-135 or -45: useful, but not required.

(c) Setup a cosy spectrum (rpar COSYGPSW) using the minimum ns (check in the pulse sequence).
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(d) Apply sw.eepWIdth & Bruker TopSpin 3.1 on cgfthink as cgf \ (=[5 ]
Optll’l’llZﬁthn as i_l Start  Acquire ~ Process  Apalyse Publish View  Manage @ |1_
follows: ® Samplew | #fLock V Tunew J} Spin+ | 5 Shim SetlLimits |~ Gain+ & Gow |Options =
i) click SETLIMITS— |- 4 Qe EO k=l F |3 | A Od B W
% | I E | QQe il |« 2 | LE| 0N Ol B FT L) A
11) rlght—Cth on the W {1 P1207031847_quic-hzbe 20 1 CAUsers\cof Besktop\BrukerDota E@@W
Proton Spectrum =rs\icgfDesktop\BrukerData J Spectrum | PrucParslAcunars | Title | PulseProg | Peaks | Integrals | Sample | Slruclurel P\ull Fid | Acqu‘
37_popt & setlimits =
... . . 206211103-3hep
111) Clle Dlsplay 206281600_sucrose
206251602_sucrosedin Close this dialog box after setting frequencies.
. 206301644-depiq_cholac
lV) expand the 207011856-quinine_deptq e 1. Open 1D dataset from Browser.
207031031 )
Spectrum (see 207031318_15N_HMBC 2 zoom nto region of interest.
bel 07031318_15N_HSQC
S OW) 27031318 3. Click OK to set frequencies and return to original dataset.
204¢31847_guid-hzbe - |
v) click OK e
o DQisplay In New Window
(e) For COSY bOth 13 - de Display As 2D Projection >
. . ? :i - :5‘ Scroll to Active Dataset
dimensions are set. -
(f) Check ns dl TD[F1]. Set rg the same as in the 'H 1D spectrum.
Q1: Suggest why TD[F2] < 8xTD[F1] is a condition usual met with homonuclear COSY spectra.
(g) Acquire a COSY spectrum. Process in TopSpin using xfb . and sym .. Plot and turn in.
"2 D1206281600 sucrose 10 1 C:\Users\cgf Desktop\BrukerDsta o [ [

'H expansions (B and y) for sucrose.

a. Full 1D spectrum of sucrose.

B. A good expansion, especially for the
acquisition dimension, F2, as larger
SWIF2] costs little. For the F1 (indirect)
dimension, the expansion could be a bit
tighter (but not by much), improving the
F1 resolution. Leave ~10% of the
spectrum on each edge of the spectrum.

v. Too tight of an expansion. Proton
multiplets at 5.4 and 3.35 ppm are too
close to the edges, and will cause a
variety of problems in the resulting 2D
spectrum.

J Specirum | ProcPars | AcquPars | Title | PulseProg |Peaks | Integrals | Samplel Slruclurel F'Ioll Fid | Acqu‘

T T T — T T
15 10
2 D1206281600_sucrose 10 1 C:\Users\cgf\Desktop\BrukerData

J Specirum | ProcPars | AcquPars | Title | PulseProg |PeaKs | Inlegralsl Sample | Slruclurel P\oll Fid | Acqu|

T T
5.5 5.0 4.5 4.0 3.5

[ppm]
2 D1206281600_sucrose 10 1 Ci\Users\cgf\Desktop'BrukerData =[O =
| spectium | procpars | Acquears | Tie | Pulseprog | Peaks | integrals | sampie | structure | piot| Fid | Acau|
@
r
]

5

5.0 45 4.0 35

[Ppm]

(h) For HSQC (rpar HSQCEDETGPSISP or HSQCETGPSISP) or HMBC (rpar HMBCETGPL3ND),
perform step (d) for the 'H dimension [F2].
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(i) Repeat step (d) forthe °C dimension [F1], but now select the °C or dept spectrum in part ii).

If the sample concentration is too low to acquire a *C spectrum, the sweepwidth can be set manually.
Take sucrose as an example, with its °C spectrum as shown. It is important to keep in mind that a *C

spectrum is not needed to setup therange .. ... ...
of *C chemical shifts for HSQC or : O R
HMBC experiments. For sucrose, ' '

reasonable estimates (staying S

conservative) would be: — — —
200 150 100 50 o [ppm]

45ppm < o < 120 ppm.
& SW e
To manually setup the spectra window: b
Spectral width (F2, F1)
— type SwW in F1 enter: 120-45 SW [ppm] 2.7 120-45]
| ok |[ cancel
& 01p =)
Transmitter frequency offset (F2, F1)
- type OlpJ in F1 enter: (120+45)/2 O1P [ppm] |4.350 (120+45}f2|
OK || cancel

(j) Both dimensions are now set. Check ns dl1 TD[F1] .
Q2: Show a calculation for the resolution in the °C dimension? Give the answer in Hz/pt and ppm/pt.
(k) Use rgad with HSQC and HMBC spectra.

(1) Acquire an HSQC spectrum. Plot and turn in.

2. Acquire a portion of two high-quality “non-routine” 2D spectra (2" week)

2D data other than standard cosy and hsqc should only be acquired. Choose two types from hmbc, tocsy,
noesy and roesy; note the parameter sets listed in the table at the end of this HW. Check and modify as
needed the following parameters:

dl - set according to the “T; Abusability” table given in the online guide “Pulse width
calibrations and T1 estimates in TopSpin”

ns  — make certain NS is set to minimum value or a multiple of that value
TDJ[F1] — resolution must be set according to information required

1) some cosy-types involve J-evolution sufficient to observe small J-couplings; here we need
see an unambiguous crosspeak (having sufficient intensity), and often do not need to
resolve the coupling (which might not be possible in any event)

ii) when J-couplings need to be measured in a 2D, resolution is critical; see Claridge Fig 5.50
and surrounding discussions involving anti-phase cancellation effects for J measurements

iii) constant-time experiments may be required, especially for labeled compounds

MiX — a variety of different parameters are involved; see notes in following table
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=» proton rf pulse lengths — a pw90 = pl calibration may be needed, and a correction can be made:

Suppose you found: 1 D1207061917-suc 10 1 Ci\Users\cgfiDesktop\BrukerData
| Spectrum | Pchars‘ AcquPars ‘ Title | PulseProg |Peak5| Integralsl Samplel Structurel Plotl Fid | Acqu|
pl=154 o A28 Eclvie Probe: not defined
plWl = —103 General A General
Channel f1 : -
The power must be read off PULPROG 7930 [ | ] Purse program for acquisition
| O 65536 Time domain size
properly: SWH [Hz, ppm] 801282 200229 Sweep width
. . . AQ [sec] 4.0894465 Acquisition time
— typing plwl will not give the . B Receiver gain
correct value!! rather DW [usec] 62,400 Duell time
. DE [usec] 6.50 Pre-scan-delay
— type ased | or click D1 [sec] 1.00000000 Relaxation delay; 1-5 * T1
Il in ACQUPARS DS 2 Number of dummy scans
NS 1 Scans to execute
— read the value in the an box TDO 1 Dimension of accumulation loop
T~ ~) Channel f1

400.1824713 Frequency of ch. 1
247128 6.175 Frequency of ch. 1
getprosol 1H 15.4 -10.3 4 NUGH Edit . Nucleus for channel 1

P1 [psec] F1 channel - 90 degree high power pulse

. 1
which updates all ' Hrf pulseS. PLW [W, -dBW] 10.72 F1 channel - power level for pulse (default)

Now use the following command: T SFO1 [MHz]

(a) Choose one advanced experiment from the following table: noesy, roesy, tocsy, cosydqf

(b) Read in the parameters for the experiment, and adjust the four parameters listed above: ns d1 TD[F1]
miX (e.g., = d8 in noesy types).

(c) Perform the getprosol correction if pw90/p1 is > 5% different than the default value.

(d) Doan expt or click to estimate the experiment time.

(e) Acquire at least 8 rows, but stop after 5 min (unless you need the spectrum for research purposes, and
have sufficient time scheduled).

(f) Plot at least the 1* row and turn in.

3. Brief processing tips for 2D spectrain TopSpin

I (cgf) don’t like the PROCESS — PROC. SPECTRUM option available in TopSpin’s flowbar. No doubt, this
antipathy has much to do with my lack of knowledge about the proc2d au routine that it runs. But in
general, automated processing of 2D spectra must be balanced: ease-of-use seems useful, but knowledge
about what is done is usually imperative. Improper processing often leads to significant issues with 2D data.

() General processing commands:

xfb ; performs apodization (see next section), then transforms data in both dimensions

rser # ; reads row # from the 2D serial file, and puts it in ~TEMP location; the data can now be
efp ‘d, and some proton peaks should be observed (see Fig 3(a) below); if not, ns may be
too small; use |l to return to the 2D dataset

xf2m ; some data need to be displayed in mixed-phase mode, such as hmbcetgpl3nd; see end
comments in the pulse sequence to find out if this command is needed
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Fig 3(a):

Page 5

rser 1; efp from an hmbc at close-to-insufficient ns (some protons are observed, but

others are not). This method works well for checking ns in hsqc/hmbc type experiments. Other
methods are needed to check cosy types.

19 |2 QP |k Tz ||[Ak B W@
% z & O = s G / E
2% 32 QP il =9 £ Ll |0k B@FT LA
| Browser | Last50 Groups| : 2 ~TEMP 11 "C:\Users\cgPDocuments\AA_Documents\NMR data\Students\Burke\RobRisi" = .z'j.}
3| C\UsersicgnDesktop\BrukerData spectrum | procPars | AcquPars | Titie | PulseProg | Peaks | integrals | sample | structure | piot | Fia | Acqu
Risi -
120314 fid 1 frem RR§126.P01 5 1. "CiUsers\cgfiDocuments'AA_Documents:NMR data\Students'Burke'RobRisi" r
RR9126.P01 7.97 ppw / 39§5.28 He ' : Fg
B 1-2930 Index = 212 -|215 F 2
lﬂ 2 -Lgpg30 Value = -101. i 8
- 3 - cosygpppafl - COS [-in
4 - hsqeedetgpsisp2.3 C .
5 - hmbeelgpland - F
6 - zgpg30 - 13C [1H) F g
990 - hmbcetgpl3nd ]
RR9135.P01 r 8
crapster Fe

(b)

Phasing 2D spectra:

This is simple: click PROCESS — ADJUST PHASE (or type .ph J). Right-click on peaks and select ADD.

What is not so simple is that many parameter sets have PH_mod set to no in the F1 dimension. This
must be changed to pk for correcting phase in that dimension (along the columns).

[ 1 JAC2_284 ribbon 61 HSQCAD_CDCI3 9mM 3 1 "C:\Users\cgf\Documents\A4_Documents\NMR data\Students\Crapster - NMRfam700"

spectrurR_ProcPars JacquPars | Title | PuiseProg | Peaks | integrais | sample | structure | Piot| Fid | Acqul

(c) 2D Apodization:

SINE

1
(S M7 &8
Reference A Phase correction
Wind
Pr‘]r;szw PHCO [degrees]  |55.033 4711 Oth order correction for pk
Baseline PHC1 [degrees] 0-200 1.800 | 1storder correction for pk
Fourier ( PH_mod pk > no > | Phasing modes for trf, xfb, ..
s (~) Baseline correction
Peak o
Automation ABSG 5 Degree of polynomial for abs (0..5)
Miscellaneous ABSF1 [ppm] 1000.00000 Left limit for abst

SSB=0 - sine curve from 0 to 180° matching TD: =0 at 0°/pts=1, =1 at 90°/pts=TD/2; =0 at

180°/pts=TD: provide resolution-enhancement, but with some loss (often considerable) in

sensitivity

SSB=2 — cosine curve from 0° to 90° matching TD: =1 at 0°/pts=1, =0 at 90°/pts=TD

QSINE

with additional loss in sensitivity; standard apodization for cosy

SSB=0 — sinebell-squared: square of the above curve; provides more resolution-enhancement

SSB=2 — cosine-squared: square of cosine curve; provide excellent retention of signal at the

beginning of the fid with a good taper to zero at the end; standard apodization for hsqc
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[ 1 JAC2_284 ribbon 6i_ HSQCAD_CDCI3_9mM 3 1 "C:\Users\cgf\Doc

\AA Doc

\NMR datah,5

| Spectrum| ProcPars |Acunar5 |Title | PulseProg |Peaks | Integralsl Samplel Structurel Plotl Fid | Acqu‘
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\Crapster - NMRfam700"

+

o S5 MP &
Reference IZE\:ZI Window function
Window r - 1o )
Phase wow QSINE = | Window functions for trf, xfb....
Baseline LB [Hz] 1.00 Line broadening for em
Fourier GB 0 Gaussian max. position for gm, 0<GB<1
NUS SSB 2 Sine bell shift SSB (0,1.2...)
IRt ™ 0 Left limit for tm 0<TM1<1
Automation -

. TM2 0 Right limit for tm 0=TM2<1
Miscellaneous
User (~) Phase correction

The function is selected either directly from the PROCPARS panel (see above), or by entering wm . The
dialog box differs depending on whether you are in 1D or 2D mode. You can try the manual window
adjustment (works only in 1D mode), which will bring up a new window after clicking OK. Bruker’s HELP

is reasonably good.

Options

Manual window adjustment

Required parameters

Window function type WDW =

i_exponemnat

Line broadening LB [Hz] =

Gaussian max. position 0=GB=<1 =

Left trapezoid imit 0<TM1<1 =

¢
0
Sine bell shift S8B(0.12.)= |0
o
0

Right trapezoid limit 0<TM2=<1 =

,
S T

ok || cancel || Hep |

-
& Window function - gsin/gsin L

[ECS)

Options

Manual window adjustment

Required parameters
Sl

Window function type WDW =

Line broadening LB

Hz] =

Gaussian max. position 0=GB<1 =
Sine bell shift SSB (0.1.2, )=
Left trapezoid Imit 0<TM1<1 =
Right trapezoid limit 0=TM2<1 =

—F1—

Window function type WDW =
Line broadening LB [Hz] =

Gaussian max. positi

on 0<GB<1 =

Sine bell shift SSB (01,2, ) =
Left trapezoid mit 0<TM<1 =
Right trapezoid fimit 0<TM2<1 =

;Squared sine
:
0
0
0
0

|squared sine
03

01

0

01

os

i}

Lok || cancel || Hep |




[Note: Many of the following will not remain the recommended parameter sets; look for updated guides regularly!]

revised: 8 July 2013 (cgf)

I PARAMETER SET a b
STANDARD 2D SEQUENCES Description pulse sequence dl mix
standard (magnitude-mode) COSY | 'H-'H correlations; usually just 2- to 3-bond couplings COSYGPSW 1to 1.5 x Ty(loi) | —
“routine” cosygplrgf
long-range COSY confirm 'H-"H correlations w small (0.5 to 3 Hz, 2- to 5-bond) | cosylr.UW* 1to 1.5 x Ty(loi) | d4 = 50-200 ms [long-
couplings cosygplrgf® range J-evolution delay]
double-quantum filtered COSY strong singlets (including solvent peaks) via double-quantum COSYGPDFPHSW 2 to 3 x Ty(loi) see pulse sequence notes
filtering (DQF), and enables measurement of "H-"H coupling cosygpmfphpp to change to TQF (also
constants; note special setup requirements in pp (?for rg?) removes doublets)
TOCSY "H-"H correlations based on couplings; 2-3 datasets differing MLEVPHSW 1.5t0 5 x Ty(loi) | d9 = 15to 150 ms
by mix time are often acquired to observe “relayed” couplings | mlevphpp careful with duty cycle!
standard multiplicity-edited HSQC | '"H-"C 1-bond correlations, ~CH,— inverted (dept-135 analog) | HSQCEDETGPSISP | 1.51t0 2 x Ty(loi) | cnst2 =J(CH) =145 Hz
“routine” hsqcedetgpsisp2.3
standard non-edited HSQC "H-3C 1-bond correlations, all peaks positive (dept-45 analog) | HSQCETGPSISP* 1.5t0 2 x Ty(loi) | cnst2=1J(CH)=145Hz
“routine” hsqcetgpsisp2.2°
coupled HSQC "H-"C 1-bond correlations with coupling HSQCETNDGPSISP® | 1.5 to 2 x T (loi) | cnst2 =J(CH) = 145 Hz
hsqcetgpsisp2.2nd’
standard HMBC "H-C n-bond correlations, 2- and 3-bond (usually), with 3- HMBCETGPL3ND | 1.5to02 x T,(loi) | cnst2=J(CH) = 145 Hz
“routine” fold 1-bond filter; often acquire 2™ set with smaller cnst13 hmbcetgpl3nd cnst13=Jn(CH) = 10 Hz
NOESY "H-"H correlations based on proximity (also for exchange) NOESYGP 2 to 5 x Ty(loi) d8 = 0.1to 1 x Ty(foi)
noesygpphpp
ROESY "H-"H correlations based on proximity; for intermediate MW | ROESYPHPR 2t05x Ty(loi) | p15=0.1100.5 x Ty(foi)
roesyphpr.2 careful with duty cycle!
SELECTIVE 1D SEQUENCES
selective COSY-1D protons 2- to 6-bonds from selected multiplet give antiphase SELCOGP 1.5t0 3 x Ty(loi) | d4 = 1/4 J(HH)
peaks; d4=large (< Ty; for small couplings) can be used; selcogp
coupling will transfer through heterobonds
selective NOESY-1D protons within SA produce NOEs; phase selected peak SELNOGP 2 to 5 x Ty(loi) d8 =0.1to 1 x T;(foi)
negative, then other peaks are positive for small MW, negative | selnogp
for large MW; excexhange will produce negative peaks;
acquire a mix time series, plot build-up curve to confirm NOE
selective ROESY-1D protons within 5A produce ROEs; phase selected peak SELROGP 2 to 5 x Ty(loi) p15=0.11t0 0.5 x T (foi)
negative, all other peaks are positive independent of MW; selrogp careful with duty cycle!
acquire a mix time series, plot build-up curve to confirm ROE
selective TOCSY-1D protons 2- to 3-bonds from selected multiplet give in-phase SELMLGP 1.5t05x Ty(loi) | d9 = 15to 150 ms
peaks; only couplings > 3 Hz transfer; couplings will not go selmlgp careful with duty cycle!

through heterobonds; use d9 series to see coupling “relays”

®loi = longest of interest
°foi = fastest of interest

‘these parameter sets are located in the par/user folder (all others are in par, in /opt/topspin3.1/exp/stan/nmr/)
4 these pulse sequences are located in the pp/user folder (all others are in pp, in /opt/topspin3.1/exp/stan/nmr/lists/)






