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Characterization of Unknown Structures

HO_ 0

‘ =
O
H—
LA N~CH,
HO™
oo
C(CHa)3

characterization of extracted compounds that show activity:

first of all, is it a new compound, is the structure unknown?

dereplication by MS/MS

molecular formula determination by mass spectrometry




Structural Characterization by MS an
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Number of hits depending on mass accuracy

m/z = 609.28:

10 ppm 0.006 Da

0.05 ppm 0.00003 Da
0.03 mba

29 hits @ £1 ppm

Impossible for any
MS technology on
a routine basis

A resolution 20000 FWHM

A accuracy 1 i 2 ppm



Accurate Mass Determination

detection of single ion signal:

/\ trigger level
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2 GHz Digitizer = sampling rate 0.5 ns
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Time to Digital Converter BRUKER

time information of the histogram peak is converted by
interpolation and calibration into mass information

A
mass position =922.009 m/z . J .i-
intensity = 4 counts 3 - ] \

. 2 ]
peak width (FWMH) = 0.06 Da

1 - A A
[ |

) mass position ( \

resolution = = 15400 [T T T T 1 T T T 1]

7
peak width [m/z ]

922.00 922.01 922.02




Time to Digital Converter BRUKER

with higher sample concentration two or more ions
per acceleration pulse may reach the MCP detector

trigger level

. . . [m/z ]
only the first ion causes a trigger event 922.00 922.01 922.02

the second ion is not converted




Time to Digital Converter BRUKER

with higher sample concentration two or more ions
per acceleration pulse may reach the MCP detector

in this example with the same number
of ions reaching the detector, only
60% of these ions were converted 3 -

wrong intensity

wrong mass position
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Accurate Mass Determination BRUKER

to avoid dead time effects: different digitizer technology
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Accurate Mass Determination BRUKER

comparing true isotopic pattern of insulin
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ADC digitizer technology preferred for any MS instrument
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SmartFormula T MS Data Interpretation BRUKER
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SmartFormula Manuall

Lower formula:
Upperfome:

4,68;3 102 Mote: for m < 2000 the elements C, H, N, and O are considered implicitly.
Adducts, pos.  M4H ~ [l collect adducts

Adducts, neg. -

Measured mfz  468.3102 Tolerance: 2 mba * Charge: 1 <

Meas. mfz  # IonFormula Score mfz err [mDa] err [ppm] mSigma
468.3102 €1 C29H42NO4 100.00 468.3108 0.6 i3] 9.4
2 C30H38N5 34.74 468.3122 20 4.2 204

3 CI14H38N1305 20,20 458.3113 11 2.4 60.5

469.3133
4 | i |
[ Automatically locats monoisotopic peak  Maximum number of formulae 500
[¥] Check rings plus double bonds Minimum 0,5 Maximum 40
470.3166
_J Electron configuration
S — [V Filter H/C elementratio  Minimum H/C: g Maximum H/C: 3
456 457 458 459 470 471 |T|I||'z Estimate carbon number Generate immediately

[ Copy to SmartFormula Parameters ]

unambiguous elemental composition determination by
combined accurate mass and isotopic pattern information



SmartFormula T MS Data Interpretation BRUKER

Sma rtFormula Manually EEE |

Lower formula:
Upperfome:

1 W HMS, 9,230-9, 327min #{2674-2702)
W CogHazN0s, 468.3108 Note: for m < 2000 the elements C, H, N, and O are considered implicitly.
1+ Adducts, pos.  m4H ~ [ collect adducts
458;3 108 Adducts, neg. -
Measured mfz  468.3102 Tolerance: 2 mba * Charge: 1 <
Meas. mfz  # IonFormula Score mfz err [mDa] err [ppm] mSigma
468.3102 €1 C29H42NO4 100.00 468.3108 0.6 i3] 9.4
2 C30H38N5 3474 468.3122 20 4.2 204
3 C14438N1305 20,20 468.3113 11 2.4 60.5
‘ 1+
459,3142
4 | i |
[ Automatically locats monoisotopic peak  Maximum number of formulae 500
i+ Check rings plus double bonds Minimum 0,5 Maximum 40
\« 470.3171 Electron configuration
—= k JI‘L Filter H/C element ratio  Minimum HfC: o Maximum H/C: 3
- rrr—r—r—rrr—rrrrr—r—rr—r—rr—r—7
453.0 453.5 459.0 459.5 470.0 ITIIZ [¥] Estimate carbon number [¥] Generate immediately

[ Copy to SmartFormula Parameters ]

Overlay of measured and simulated  spectrum:

sum formula C ,4H,,NO, shows perfect match for the isotopic patterns



Accurate molecular formula from MS/MS

# possible formulae

mass accuracy
several ppm accuracy

plus chemical expertise
additional confidence

medium

plus SmartFormula

few
(mass accuracy + TIP)

plus SmartFormula3D

ingle
o (fragments -based TIP)

unambiguous formula ID

definitive molecular formulae

maxis imp,aetf“

A resolution 40 -60000 FWHM
A accuracy 1 ppm (MS & MS/MS)
A 20 full spectra/sec
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Accurate molecular formula from MS/MS BRUKER

1. +M52(468.0000), 9.212-9, 333min #(2648-2683)
MS s683102 MS/MS
101.0960 396.2164

468,3103
187.0751

211.0754

243.1013
469.3133

i 333.1747

N

470.3166
|
466 467 463 459 470 471 m/z 100 150 200 250 300 350 400 450 mfz
Parent Fragments
A elemental formulae for parent ions by SmartFormula
A elemental formulae for fragment ions by SmartFormula

every Otrued fragment f-semubfh maoset dbeuad s

SmartFormula3D



Accurate molecular formula from MS/MS
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BROKER
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+M52(468.0000), 9.212-9, 333min #(2648-2683)

MS 4683102 MS/MS
101.0960 396.2164
468,3103
187.0751
211.0754
469,3133
54.0809 338.1747
Jk 470.3166 \
466 467 463 459 470 471 mfz 100 150 200 250 300 350 400 450 mfz
Parent Fragments
SumFormula m/z calc  err[mDa]  err[ppm] mSigma eConf SumFormula  SumFormula Loss m,z Loss err[mCa] Loss
C2gHazN0g [[]Cz4H30N04 CsHiz 72.0933 o1
[[]Cz24H3gN04 CsHiz 72.0933 0.1
[]CazHzeMN03 CyH1g0 116,118 1.2
proposed molecular formulae [ C22H26N03 12
iati ClC12H110z fragment ions 0.3
combination of MS and ECet120 g o

MS/MS information




Accurate molecular formula from MS/MS

characterization of unknown compound by MS/MS:

molecular formula based on TIP of MS and MS/MS spectra

C29H41NO4

structure elucidation by NMR




NMR Spectra for Structure Elucidation BRUKER

A 1D NMR spectra

o 1D Proton

o 1D Carbon

chemical shifts functional groups

A 2D NMR spectra

o HSQC
0

o HMBC
o TOCSY
o ROESY

spin system

through space

aldehyde

aliphatic /\ proton
0
R 4

AT

: \

/
carbonyl H = H
carbon )
H aromatic
> correlations neighboring atoms




NMR Hardware Developments BRUKER

experiment rel. sensitivity
H 1.00
13¢ 0.01 )
HSQC 0.25
Q A NMR spectra for structure
COSY 0.20 , elucidation are less sensitive
HMBC 0.07 A sample amounts are typically
TOCSY 0.12 very little
ROESY 0.07 p
in order to reduce the experimental time increase NMR sensitivity



Increase NMR Sensitivity BRUKER

A increase sensitivity by increasing the magnetic field strength

DMA

A increase (mass) sensitivity through probe technology
o small volume probes: increase mass sensitivity
o CryoProbes : decrease noise and thus increase signal to noise

o combine both: best signal to noise and highest mass sensitivity



Small Volume NMR Probes BRUKER

benefit of small volume NMR probes: increase mass sensitivity

A
relevant parameters:

m = A distance 1H coil to NMR tube

A diameter of NMR tube

1/d

same number of spins increases sensitivity for small volume probes



Small Volume NMR Probes BRUKER

A no problems with solvent impurities (high analyte concentration even
with very small sample amounts)

A no problems with solvent suppression (no radiation damping, etc.)

A advantage of working with small sample amounts
o often easier to get clean samples in small amounts

o no danger to overload HPLC columns

o possibility to use analytical HPLC columns and fraction collect
(better separation with small sample amounts)




Small Volume NMR Probes BRUKER

Probehead Diameter [mm] 1 1.7 3 5
Sample Volume [pul] 5 30 180 500
Recommended Concentration [mM] 30 10 2.2 1
Sample Amount [umol] 0.15 0.30 0.40 0.50
Mass Sensitivity ~4 ~2.8 ~1.4 1
Experiment Time 1 2 8 16

0.6 mg of compound is enough to acquire all required 1D and
2D NMR spectra on a 1.7mm RT @ 400 MHz over the weekend



Small Volume NMR Probes: 1.7mm RT

o « 10
1D 1H
o o 20
° COSY
°c o = - 30
o TOCSY
o - NOESY
- HSQC
60 HMBC
= H2BC
1D 13C
o 80
HSQC |
45 40 35 30 25 20 15 10 05 ppm

120ug of a Steroid (° 350g/ mol) in 30ul ( °© 11mM ) <24 h on 600MHz

1 scan
20 min
45 min
4 h
10 min
3.5h
4 h
8h



