KJM 9250

QQHSQC Experiments on the AVI-600, AVII-600 and AVIIIHD-
800 Spectrometers

Version 5.0

Topspin 2.1 Windows XP AVI 600
Topspin 3.2 Windows 7 AVII 600
Topspin 3.5 Windows 7 AVIII HD 800

© Professor Emeritus Alistair Lawrence Wilkins,
University of Waikato, New Zealand.
March 2018



QQHSQC Experiments on the AVI-600, AVII-600 and AVIIIHD-800
Spectrometers

1.0Introduction

Prosol compatible adaptations of tgghsqc.hkopp which ran on tha&VI-600 under
Topspin 2.1 but was not prosol compatible and wawtdrun on thé&\VI11-600 under
Topspin 3.2 or th&VIIIHD-800 under Topspin 3.5 have now been developed.
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Quantitative heteronuclear single quantum coherence (Q-HSQC) is a variant of the HSQC experiment
that provides quantitative peak areas. This is accomplished by combining signals acquired using four
different INEPT delays. Consequently, the experiment requires four times as many scans as the HSQC
experiment to achieve the same resolution in the indirect dimension. We have removed this drawback by
modifying the Q-HSQC experiment so that signals corresponding to different INEPT delays are acquired
simultaneously from different parts of the sample. This new experiment, which we call Quick, Quantitative
HSQC (QQ-HSQCU), has the quantitative properties of the Q-HSQC experiment but only requires as many
scans as a conventional HSQC experiment. Copyright @ 2007 John Wiley & Sons, Ltd.

QQHSQC paper's abstract.
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Figure 2. The pulse sequence for the QO-HSQC experiment. Hard pulses are indicated by rectangles (filled for 80° pulses, hollow for
180" pulses, grey for composite 1807 pulses), and slice-selective pulses are indicated by sinc functions. The bracketed blocks
indicate X¥-8 pulse trains that help reduce the sensitivity of the experiment to homonuclear scalar coupling.® The pulse phases are x
uniess otherwise indicated. For the gradient channel, hollow squares indicates gradients used for slice-selection, gray shading
indicates gradients used for coherence transfer pathway selection, and “HS" indicates gradients used as homospoils.

QQHSQC pulse sequence.



1.1 AVI-600 version under Topspin 2.1

Theawqghsqc25-10pp substitutes the AVI-600's prosol linked ROE$®Wdock pulse time
(p25 = 200 usec) and TOCSY power levell() for the pulse timep(12) and power level
(sp12 respectively of th&IP720,50,20.1shaped pulse used in thghsqgc.hkopp.

On theAVI the pl10 TOCSY spin lock power level can be substitutedfespl2power
level by inserting the linesp12=pl10" in modified versions of theghsqc.hkopp.

The AVI-600's prosol Table linkgal5 andpl10 values are coincidently identical to the
values which can be calculated for 8i€720,50,20.1shaped pulsejsl2time andspl2
power levels respectively.

While the choice of th8IP720,50,20.1shaped pulse is saved in aw codetisqc

experiment parameter files, efforts to prosol links choice and its time + power level to a
prosol Table line with this information (eg the P&Hshaped pulse line féH via Amp A2)
have thus far failed. All possible shaped pulss,|Bpl to sp31, have been tried in trial runs
of theqghsqcpp.

AVI-600's prosol Table

The AVI's prosol Table includes a greyed out (natilable or active?) PSH22 line for a
BIP720,50,20.1180 broadbandpulse with its time and power set to 0 and 120 db
respectively.

If 200 useds entered as its time its calculated power l&asied on an 8.0 usec 90 dedide
pulse is11.7 db= exactly the same as the power level that Pre¢ Rriginally deduced was
OK for this shaped pulse — and coincidently ithis same as the prosol Table linked TOCSY
spin lock power level.

Please select the logical channel:  |& F1 + F2 O F3 O F4 O Glol
— T — T =

90 NH (H: I) k PSHL? 0 120 |calc. | 05 | ®

SONHtr (H:1)  PSHIS 0 120 @ 05 |
180 NH (H: II) PSH19 0 120 [calc. 05 | ®
90 NH (H: II) PSH20 0 120 [cale. 05 |
QONHtr (H: 11} PSHZL 0 120 |calc. | 05 | ®
180 broadband  PSH2Z 120 @ 05 |

PSHZ3 0 120 [cale.] 05 | @

PSH22 shaped pulse prosol Table line with 200 aseered for its time.



 user calculator

PLSH22 = 20*og( 0.25 * Px / Pref) + PLref

P=. Pulze length of 2% éi fram channel
Pref . Pulse length of _. i é} framn channel '
PLref . Power Level of é} from channel !
Result:
Px =200
Pref =8
PLref = 1.8

Power Level PLSH22 = 11.7 dB

Cancel

|

Please select th:flngical channel: (@] =] L F4

Standard parameters for 1H on channel F1 routed to amplifier _‘

Description pulse [usec]  power level

90 deg. transmitter Pa0 8 1.8

cpd FPCPDP 80 21.8
mix time [s] pulse [usec] power level

tocsy spin lock PTOC 0.08 25 11.7

roesy spin lock PROE 02 100 23.74

field [Hz] poeer level
cw irradiation PLCW 49.99 57.72

Calculated power level (11.7 db) for a
200 usedIP720,50,20.1pulse.

The calculate®BIP720,50,20.1power level can be saved in the prosol Table g far

TOCSY spicklpower pI10) = 11.7 db with a

8.0 usec 90 degrétpulse time

attempts to read this information into an experitisgparameter set via tigetprosol

command have failed (see above).

Thepl10 TOCSY spin lock power level may pelsecallinked.




1.2 AVII-600 version under Topspin 3.2

Neither the originatighsqc.hkoor theawhsqc25-1Q(see Section 1.1) versions of the
gghsqcexperiment would run on th&VI1-600 underTopspin 3.2 Initially it was not clear
why this was the case, however it eventually becapparent that Topspin 3.2 was not able
to interpret one or more of the following pp lines:

define delay LONG
define del ay SHORT

" SHORT=2. 94
"LONG=5. 92nf

" TAUL=SHORT/ 32"
" TAU2=( LONG 2- SHORT/ 2- p25* 2- d17* 4) / 4"
" TAU3=( LONG 2- SHORT/ 2- p25* 2- d17*4) / 4- p3*2. 2"

Replacing these lines by those below afforded agdrcompatible version with200 usec
BIP720,50,20.1shaped pulse time which appeared to be linked'1&8@& bradband line in

the AVII-600's prosol Table. Possibly this line Haekn added by Bruker, Sweden (bradband
= Swedish version of broadband).

"d30=2. 94nt
"d31=5. 92nt

" TAUL=d30/ 32"
" TAU2=( d31/ 2- d30/ 2- p44* 2- d17* 4) | 4"
" TAU3=( d31/ 2- d30/ 2- p44* 2- d17*4) | 4- p3*+2. 2"

Probe 5 mm CBTCI 1H-13c/15N/D Z-GRD Z44896/0053 [03] =

Observe

Nucle

generic Amplif
generic SG
Observe
Observe Comment. | Default 1H obs 600
90 deg Pulses_:_ Square Pulses_i. Shape PU\SES—; Olnersj
CObserve
Filename PuWips] A[-dBW] #
180° NH region Il Reburp.1000 {:‘ 2000.00 1268124
90° NH region || Eburp2 1000 [] 192000| 1601/13)3
o

90° NH region Il timerev. Eburp2tr 1000 1920.00 16.01|14

180° bradband Bip720.50.20 1 ‘_ 200.00 259115

TheBIP720,50,20.1180 bradbandshaped pulse time and power is parameter setdivige
thegetprosolcommand ap44 sp30.as opposed tpl2 spl2in the originalgghsqc.hkopp.

An AVII-600 prosol Table linkeg44 sp30version of theyghsqgcpulse programme has been
saved aawqqghsqc-TS3.

The significance of thd30 (SHORT) andi31 (LONG) delays (2.94 msec and 5.92 msec
respectively) is commented on in tA¥IIIHD-800 notes.



1.3 AVIIIHD-800 version under TS3.5

Theawhsqc-TS3version implemented on the AVII-600 also ran oeANIIIHD-800 under
Topspin 3.5and was fully prosol compatible, however the prdsile linked
BIP720,50.1,20shaped pulse time was0 useaather200 usec

While it would be possible to change the 800's grdable's time for this pulse there may be
merit in leaving it afL50 usecsince in Hz terms since the 808%spectral window in ppm

will be 33.3% wider in Hz than that of the samecsfa window on the 600's. To match the

600's flat topped, coupling constant independenfutated linear response range the 800's

shaped pulse time would need to be significantbrteln than that for the 600's. Coincidently
800/600 = 200/150.

The significance of the SHORT and LONG delays (2rc and 5.92 msec respectively) in
the TS2.1 version of thgghsqcpp which are redefined @80 andd31 respectively in the
TS3.2/TS3.5 versions is not explained or commeatesh the originajghsqc.hkopp notes.

Literature searching revealed the significancéhegé delay terms which are calculated from
the minimum and maximurd coupling constants as below.

"d30=1s/(cnst21*2)" ;13 (Hz) upper limt
"d31=1s/(cnst2*2)" ;1) (Hz) lower limt

Theqgghsqcpp is designed to afford modulated/uniform respsrex target signals
irrespective of their varying coupling constants, provided they are within théngel upper
and lowertJ limits. While the default LONG (5.92 msec) and SRID(2.94 msec) delay
times correspond témin andJmax= 84.4 and 170 Hz respectively, the experimeinabr
response range of tlhyghsqcpp with these delays is ~ 120-225 Hz.

1 'QQHSQC Calculator 1 ey

2 | 1J(Hz) |d30(d31)(msec) il /,/_’______‘_\_\‘_ _

3 [y 80 6.25 et ‘o =
5 06

4 100 5.00 8 | /,’ \\

5 120 4.17 2 osp/ \
= L N

6 140 3.57 o2l s

7 160 3.13 N

50 100 150 200 250

8 180 2.78 Gl

9 EDD 2- 5 D Figure 1. Dependence of the signal intensity on the coupling

10 constant for the HSQGC (dashed ling) and Q-HSQC (solid ling)
experiments. The curves assume A = 3.33 ms for the HSQC

1 J:. S-'-]- ‘._1 5 92 experiment, and Amj, = 2.94 ms and Apax = 5.92 ms for the

= . . Q-HSQC experiment. The double arrow shows the extent of

12 170 2.94 Jcy found in organic compounds.

Calculated d30 (d31) delays. Linear responsgean theqghsqc expt.

An awqqgghsqc4Jd variant of theqghsgc ppwith thed30 andd31 values defined from user
input Jminmaxcoupling constants asist2 andcnst21Hz respectively has been created and
successfully run on th&VIIIHD-800.



2.0 AWQQHSQC parameter sets on the AVI-600, AVII-60 and AVIIIHD-800

The following aw coded prosol compatible paramségs have been created on the 600 and
800 MHz spectrometers:

AVI-600 2.1 awqghsqgc25-10
2.2 awqghsqc25-10pr

AVII-600 2.3 awqgghsqgc-TS3
2.4 awqghsqcpr-TS3

AVIIIHD-800 2.5 awqgghsqc-TS3
2.6 awqghsqcpr-TS3
2.7 awqghsqc-1J



2.1 AWQQHSQC25-10 Spectrum on the AVI-600

Parameter setawqqghsqc25-10
Pulse programmeawqghsqc25-10

Typeeda(enter) and ente8W (*H) andSW (*3C) in ppm.
EnterO1P =1H spectral window midpoint in ppm.
EnterO2P =13C spectral window midpoint in ppm.

TD(F2) = 1K or 2K, TD(F1) = 128-256 (your choice).
NS =4, 8, 16 (multiple of 4 or 8 recommended} = 8 or 16.
D1 = repetition delay 2 secor other time of your choice.

Typeased(enter) and review parameters used in the job.
Check gradients are Ol§fz1 = 80%, gpz2 = 20.1%, gpz10 = 27.1%,
gpz11l = 62.1%, gpz12 = 0%

CheckP25= 200usecandSP12is set tal1.7 dbor its current prosol Table value.

SP12(= PL10) will be updated byulsecal
Setreceiver gainusingRGA (Important!).

Process with:SI(F2) = SI(F1) = 1Kor 2K
WDW(F1) = WDW(F2) = QSINE
SSB(F2) = SSB(F1) =2
xfb, absl and abs2

e
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awqahsgel5-10 (+ gelproso! + pulsecal) :_E
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AVI-600 AWQQHSQC25-10spectrum of quinine in &DMSO.




2.2 AWQQHSQC25-10PR Spectrum on the AVI-600

Parameter setawqqghsqc25-10pr
Pulse programmeawqqghsqc25-10pr

Typeeda(enter) and ente8W (*H) andSW (*3C) in ppm.
EnterO1 (Hz) =frequency inHz of the signal to presaturated.

='H spectral window midpoint. Check SW is wide enough.
EnterO2P =13C spectral window midpoint in ppm.

TD(F2) = 1K or 2K, TD(F1) = 128-256 (your choice).

NS =4, 8, 16 (multiple of 4 or 8 recommendeldy = 8 or 16.
D1 = repetition delay 2 secor other time of your choice.
PL9 = CW presaturation power applied during.

Typeased(enter) and review parameters used in the job.
Check gradients are Ol§j§z1 = 80%, gpz2 = 20.1%, gpz 10 = 27.1%,
gpz11l = 62.1%, gpz12 = 0%
CheckP25=200 useandSP12is set tal1.7 dbor its current prosol Table value.
SP12(= PL10) will be updated byulsecal

Setreceiver gainusingRGA (Important!).

Process with:SI(F2) = SI(F1) = 1Kor 2K
WDW(F1) = WDW(F2) = QSINE
SSB(F2) = SSB(F1) =2
xfb, absl and abs2

GITEY | B BTN .
]
awqghsqc25-10pr with CW.presat (+ gelprosol) -
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AVI-600 AWQQHSQC25-10PRspectrum of quinine in §DMSO with presaturation of
the HOD line at 3.37 ppm.



2.3 AWQQHSQC-TS3 Spectrum on the AVII-600

Parameter setawqgqghsqc-TS3
Pulse programmeawqqghsqc-TS3

Typeeda(enter) and ente8W (*H) andSW (*3C) in ppm.
EnterO1P =1H spectral window midpoint in ppm.
EnterO2P =13C spectral window midpoint in ppm.

TD(F2) = 1K or 2K, TD(F1) = 128-256 (your choice).
NS =4, 8, 16 (multiple of 4 or 8 recommended} = 8 or 16.
D1 = repetition delay 2 secor other time of your choice.

Typeased(enter) and review parameters used in the job.

Check gradients OKgpz1l = 80%, gpz2 = 20.1%, gpz10 = 27.1%, gpzll =

62.1%, gpz12 = 0%

CheckP44 =200 useandSP30is set to its current prosol Table value.

SP30will be updated byulsecal
Setreceiver gainusingRGA (Important!).

Process with:SI(F2) = SI(F1) = 1Kor 2K
WDW(F1) = WDW(F2) = QSINE
SSB(F2) = SSB(F1) =2
xfb, abs1 and abs2

‘ | || S | | Jl.u_.__l« PR T ﬂ
|awqqhsg_c-?83 Frosol compatible version '
- T W
—— . z O
. T T .I | T T T | T T T | T T T | T I. T
8 6 4 2 F2 [ppm]

F1 [ppm]

100

150

AVII-600 AWQQHSQC-TS3 spectrum of quinine in §DMSO.




2.4 AWQQHSQCPR-TS3 Spectrum on the AVII-600

Parameter setawqqghsqcpr-TS3
Pulse programmeawqqghsqcpr-TS3

Typeeda(enter) and ente8W (*H) andSW (*3C) in ppm.
EnterO1 (Hz) =frequency inHz of the signal to presaturated.

='H spectral window midpoint. Check SW is wide enough.

EnterO2P =13C spectral window midpoint in ppm.
TD(F2) = 1K or 2K, TD(F1) = 128-256 (your choice).

NS =4, 8, 16 (multiple of 4 or 8 recommendeld} = 8 or 16.
D1 = repetition delay 2 secor other time of your choice.
PL9 = CW presaturation power applied during.

Typeased(enter) and review parameters used in the job.
Check gradients are Ol§§z1 = 80%, gpz2 = 20.1%, gpz10 = 27.1%,
gpz1l1l = 62.1%, gpz12 = 0%

CheckP44=200usecandSP30is set tol1.7 dbor its current prosol Table value.

SP30will be updated byulsecal
Setreceiver gainusingRGA (Important!).

Process with:SI(F2) = SI(F1) = 1Kor 2K
WDW(F1) = WDW(F2) = QSINE
SSB(F2) = SSB(F1) =2
xfb, absl and abs2

awgqhsqpr-TS3 Prosol compatible version with prasat

; ; . : S ; ;
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AVII-600 AWQQHSQCPR-TS3 spectrum of quinine in &DMSO.




2.5 AWQQHSQC-TS3 Spectrum on the AVIIIHD-800

Parameter setawqgqghsqc-TS3
Pulse programmeawqqghsqc-TS3

Typeeda(enter) and ente8W (*H) andSW (*3C) in ppm.
EnterO1P =1H spectral window midpoint in ppm.
EnterO2P =13C spectral window midpoint in ppm.

TD(F2) = 1K or 2K, TD(F1) = 128-256 (your choice).
NS =4, 8, 16 (multiple of 4 or 8 recommended} = 8 or 16.
D1 = repetition delay 2 secor other time of your choice.

Typeased(enter) and review parameters used in the job.
Check gradients are Ol§fz1 = 80%, gpz2 = 20.1%, gpz10 = 27.1%,
gpz11l = 62.1%, gpz12 = 0%
CheckP44 =150 useandSP30is set to its current prosol Table value.
SP30will be updated byulsecal

Setreceiver gainusingRGA (Important!).

Process with:SI(F2) = SI(F1) = 1Kor 2K
WDW(F1) = WDW(F2) = QSINE
SSB(F2) = SSB(F1) =2
xfb, absl and abs2

[]
Y T T Y
AWLLHSEC-T53
shaped pulse. p44 s5p30 with pd4 = 150 usec | _
0% Gradient selection e e
= -
L
R * s :
D I T T T | T T T | T T T | T T T | T T .| |
10 8 6 4 2 F2 [ppm]

50 F1 [ppm]

100

150

AVIIIHD-800 AWQQHSQC-TS3 spectrum of quinine in §DMSO.




2.6 AWQQHSQCPR-TS3 Spectrum on the AVIIHD-800

Parameter setawqqghsqcpr-TS3
Pulse programmeawqqghsqcpr-TS3

Typeeda(enter) and ente8W (*H) andSW (*3C) in ppm.
EnterO1 (Hz) =frequency inHz of the signal to presaturated.

='H spectral window midpoint. Check SW is wide enough.
EnterO2P =13C spectral window midpoint in ppm.

TD(F2) = 1K or 2K, TD(F1) = 128-256 (your choice).

NS =4, 8, 16 (multiple of 4 or 8 recommendeldy = 8 or 16.
D1 = repetition delay 2 secor other time of your choice.
PL9 = CW presaturation power applied during.

Typeased(enter) and review parameters used in the job.
Check gradients are Ol§§z1 = 80%, gpz2 = 20.1%, gpz10 = 27.1%,
gpz11l = 62.1%, gpz12 = 0%
CheckP44=150usecandSP30is set to its current prosol Table value.
SP44will be updated byulsecal

Setreceiver gainusingRGA (Important!).

Process with:SI(F2) = SI(F1) = 1Kor 2K
WDW(F1) = WDW(F2) = QSINE
SSB(F2) = SSB(F1) =2
xfb, absl and abs2

0 W ok a
AWDOHSQCPR-TS3 Quinine in:DMSO - -E
DOFf = HOD jine : : . ; i =
' W™ i I |-°I-
| R & m1 __ln
=
) g
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2 ..' _—E
I:' T [ 1 T T 1 Tt T 1 1 T T 1T 71 T T T T 1 - l_
8 6 4 2 0 F2[ppm]

AVIIIHD-800 AWQQHSQCPR-TS3 spectrum of quinine in £DMSO with presaturation
of the HOD line at 3.37 ppm.



2.7 AWQQHSQC-1J Spectrum on the AVIIIHD-800

Parameter setawqgghsqc-1J
Pulse programmeawqghsqc-1J
With user entry of min. and ma¥.coupling constants.

Typeeda(enter) and ente8W (*H) andSW (*°C) in ppm.
EnterO1P =1H spectral window midpoint in ppm.
EnterO2P =13C spectral window midpoint in ppm.

TD(F2) = 1K or 2K, TD(F1) = 128-256 (your choice).
NS =4, 8, 16 (multiple of 4 or 8 recommendeld} = 8 or 16.
D1 = repetition delay 2 secor other time of your choice.

CNST2 = minimum?J coupling constant (eg: 85-120 Hz).
CNST21 = maximumtJ coupling constant (eg: 165-220 Hz).

Typeased(enter) and review parameters used in the job.
Check gradients OKgpzl = 80%, gpz2 = 20.1%, gpz10 = 27.1%,
gpz1l = 62.1%, gpz12 = 0%

CheckP44 = 150usecandSP30is set to its current prosol Table value.

SP30will be updated byulsecal
Setreceiver gainusingRGA (Important!).

Process with:SI(F2) = SI(F1) = 1Kor 2K
WDW(F1) = WDW(F2) = QSINE
SSB(F2) = SSB(F1) =2
xfb, absl and abs2

[]
L L
AWLIQOHSC-1) ,: 5
cnst2 = lower {0/imit (Hz), . . L
cnst2f = upper 14 iimit (Hz) X4 w A
) 2
L -
' S Wy 5 o i
a 1 a
.. : . i o :i
D 1 :'
1 T T | T T T | T T T I T T T I
8 6 4 F2 [ppm]

F1 [ppm]
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150

AVIIIHD-800 AWQQHSQC-1J spectrum of quinine in §DMSO.




