FELIX example was presented in Turku XXXIX Finnish NMR symposium, June 7-9% 2017*

LARGE AND VERY LARGE SPIN-SYSTEMS

Reino Laatikainen and Pekka Laatikainen,
SpinDiscoveries Ltd.

*See also, S.K.Ahola, L.P.Ingman, R.Laatikainen; J.Sinkkonen & J:P.Jokisaari, !Ne and 13tXe NMR study of
electric field gradients and"multinuclear NMR study of the composition of a ferroelectric liquid crystal.
J.Ch@nmT.Phys. 149,°2349@442018); https://doinorg/10.1063/1.5052499

Backgraeund: Cyclosporine A (slide 6)


https://doi.org/10.1063/1.5052499

»> LARGE and SPECIAL SPIN-

MS

= | SpinAddar/ChamAddes for gQMSA - [ CACHEMADDERFELIXFELIX ARYLPMR |
EXIT W 200M  100% == > .

F 7) repare(F3) PROFILE(FS)

HZPEM  HELPH)

SYSTE

0.RMS = 0.4950

alerChange

WeightRangelW)

AddLing(IS)

Large Spin-networks can be simulated by automate
splitting into sub-systems
Testosterone:

QMTLS(F ) 1) i Make ASL(*FT)

v 1D TOCSY spectrum of Ph-octyl of FELIX
5. The response factor decays toward the CH,-signal, from

1.00t0 0.26 - otherwise the spectrum can be analysed as
normal *H coupled spectrum!

v/ The minor artefacts in the difference spectra may arise from
TOCSY and/or the approximations made in simulation.

1D TOCSY

TOCSY
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24 Spin-particles with 28 protons => 13 sub-systems (circled) => 688 non-degenerated
spectral lines, only ! Simulation time ca. 4 s.

|

Signals from lipids and macromolecules or any
unknown source can be fitted by using EXTRA lines
- automatically just by defining the range and the
number of lines to be used:
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15.04.2019 Simulation time < 2 sec |



EXTESC)  VIEW  ZOOM  100% << »< <> > 2% Xi2 HZPPM HELPH)  1.RMS= 0.0000 WidthMode=A JFIX=DEF  Ranges=ON  REAL BARTLETT= 20.0
FILES(F2.F5.F7) PREPARE(F3) PROFILE(F6) SYSTEM(G) LOCAL(*G) InterChange Equalize Integrate(A) Broadening(F11)
TABLE(TAB) SCRIPT(S) WeightRange("\W) SEARCH(»0) AddLines+it(iNS) AddLine(INS) Rem line(DEL & "DEL) ShiftStructure ReadOriginal(F4)
SIMULATE(F8) QMTLS("F8) CTLS(shft-F8) REGRESSION("R) AutoFit(*F9) Make ASL("FT) Lock & Fix("L) IgnoreRange{U) BASELINE(B)

) b rl

L Ahﬁk,

ki

ah

L

!

9.0 8.5

Ad
|

8.0

75

7.0 6

6.0

55 5.0

45 4.0

35 3.0

25

2.0

15 1.0




AVERAGES_J1001_3PURE.CAL

AVERAGES_1001_2IMG.CAL

AVERAGES

AVERAGES_1001_!

AVERAGES_1001_45NGLT.CAL

01_

S, Simulated spectra
tabolites

Line-Width 1.5 Hj or [1.0{Hz]
[65

JKU_LL M

Triplet filter: 430[504] peak-tops, P90 =5
Tk

Singlet filter: 156[156] peak-tops, P90= 83[86]

Pure shift spectrum: 557[638] peak-tops, IL’ 0=138[15#]
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naginary spectrum: 1148[1593] peak-tops, P90= 40[b2]
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P90 = No. of compounds having at least one 90% purity signal




Peptides: Cyclosporine A

Sub-systems do not overlap!
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SPIN-SYSTEM DECOMPOSER
Automatic packing of large spin-networks

The simulation of octanyl Ar(CH,),CH;-spin system (of FELIX, see below) as
AA’BB’CC’DD’EE’FF’GG’J?) — Spin-system
yields > 58 000 000 allowed transitions, > 3 600 000 non-zero intensity

transitions (with 99.8% of total intensity) or > 3 300 000 (97% of total) and,
after packing > 76 000 non-degenerate non-zero lines !

When the system is decomposed into three overlapping sub-systems

XX'RRIKK'BB'CC|DD’EE'H,

where, for example KK’'BB’ belongs into two sub-systems, the numbers are >
1 455 000 (allowed), > 157 800 (99.8%) and ca. 24 000 (packed) transitions !

In the packing algorithm, transitions separated by < 0.01 Hz and belonging to the same species
are combined, in iteration also their derivatives must be similar.

....and the simulation time drops from 64 sec to 4 sec !!
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ons — 24-spin particles — 7 sub-systems — 25205 transitions — 1043 lines.
Simulation time < 0.7 sec, with different line-width for each particle.



CHOLESTEROL_MIX.QMT

Large spin-networks: Cholesterol :
All the protons coupled with each other through the spin-netV\{ork (|

H3, H6 and Me18 out of this range

46 protons — 36-spin particles — 14 sub-systems (not all shown above) — 368001 trangitiong| —
Simulation time < 1 sec, with different line-width for each spin-particle.

Difference




QMSA of total *H NMR and 1D TOCSY spectra of FELIX
chiral nematic solvent

An example of large, very tightly coupled spin-systems, solved with
help of QMSA of 1D TOCSY spectra of Ar-octane system and the sub-
system populations derived from the Me-signals!
35 spin-particles (74 protons) in 5 sub-systems
Totally > 13 500 000 non-zero intensity transitions !

FELIX

XX AABB’ ™

Oy % n=1,3and5

Ph-octane system:
H; EE'DD'CC'BB’AARR’XX’
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Published In

Susanna K. Ahola, L. Petri Ingman, Reino Laatikainen, Jari
Sinkkonen and Jukka P. Jokisaari, 2INe and 131 Xe NMR
study of electric field gradients and multinuclear NMR study
of the composition of a ferroelectric liquid crystal.
J.Chem.Phys. 149, 234901 (2018).



https://doi.org/10.1063/1.5052499

QMSA of Ar-(CH,),CH, 1D TOCSY

Experimental: H TOCSY spectrum in which proton response factor
decays from 1.00 (Ar-CH,, source of TOCSY spin-polarization) to 0.26 (CH,).

Simulation as XX'RR’AA'BB’CC’'DD’EE’K;—system:
Simulation time: ca. 4 sec

Theoretical transitions: 5 442 2281

Non-zero intensities: 2 442 281 (99.8% of theor.)
Non-zero intensities: 2 223 827 (97% of theor.)
Lines after packing: 129 871 (packing crit. 0.010 Hz)

(Ph-CH, signal not shown)
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For AA’'BB'CC’DD’EE’ all the 2J, 3J and 4J are not well-defined by the spectrum, they were taken
from analysis of heptane (Magn.Reson.Chem., 2012, 50, 598) and kept fixed during iteration.

All the CH, shifts are well-defined, see

the shift order: A-B-C-E-D-K'!

Analysis explains the odd shape of CH;-SIGNAL (593 non-degenerate lines within 18 Hz) !



FELIX of MILLIONS TRANSITIONS

Experimental: normal *H spectrum,
Spin-system:
XX’RR'AABB'CC’'DD’EE’ H,(Ar-octyl) +
XX'RR'ZZ"BB’'CC’H; (O-hexyl) +
XX'RR'ZZ' BB'CC’'DD’EE’H, (O-octyl) +
XX'RR'ZZ'BB’(CC’);DD’EE’H, (O-decyl) +
XXYY'ZZ’

(5 mol% chiral incredient with F was not included in QMSA)

OCH, signals not shown Simulation time: 25 sec See next pag
Theoretical transitions: ca. 13 500 000
Non-zero intensities: ca. 1 900 000 (99.9% of theor. intensity)
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Non-zero intensities: ca. 1 750 000 (93% of theor. intensity)
Lines after packing: ca. 135 000
Although the CH,-shift order is somewhat unclear, the analysis gives the alkyl lengths with a
fair confidence
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1D TOCSY of Ar-(CH,);CG
Simulated (QMSA)

'H of FELIX, CH; peak patterns -CH,
Ar-(CHz)chB

Observed and difference

ML w
™\ TOCSY artefact ?
/\ IH of FELIX methyls,
/ e N I Simulated (QMSA)

“Spin-dust!” n=8

See also page 5 Aryl-CH,
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gQMSA of T2 edited serum spectrum,
from J.Magn.Reson., 2014, 242, 67-7/8
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