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Outline

O - BASF

The Chemical Company

" Limburgerhof/BASF Crop Protection

= Development of new active ingredients (a.i.'s): role of analytics
= Structure elucidation (tasks, approaches, techniques)

= Examples:

» Structure elucidation of a goat metabolite (accuracy,
resolution)

» Structure elucidation of minor components; unusual
molecular ion cluster (accuracy)

» Structure elucidation of minor components; fragmentation
(IRMPD)
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Development of a

Crop Protection Active Ingredient
0 -BASF

The Chemical Company

Years 1 2 3 4 5 6 7 8 9 10 Mio. Euro

Al
Kilo lab

Chemistry B Process Development
Development | Production

Formulation Process Development
Research Screening
Lab/Greenhouse
Biology Small Field Trials| . 65

Field Trials_(worldwide)

Development

Residues PInt, Anla, SOI|, ater,Alr ] _
Acute & Chronical Toxicity, Cancerogenicity
Mutagenic. , Teratogenic., Reproduction
Eco- Algae, Daphnia , Fish, Birds,
toxicology Microorganisms, Bees etc.

Compounds 140.000 > 1 200

Average value; source: Philips McDougall

Registration

Toxicology
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Structure Elucidation Crop Protection

e Tasks

The Chemical Company

= Structure confirmation (MS, NMR, IR)

» Reference substances GLP
» Radio synthesis (}4C) GLP
» Known metabolites GLP

= Structure elucidation (MS, NMR)

» Metabolites in plant, animal, soil (1*C) GLP
» Hydrolysis and photolysis products (**C) GLP
» Minor components

» Formulants, ......

2008: > 1500 Samples
> 2500 Reported structures
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Structure Elucidation

o.easp 1 €chnologies

The Chemical Company

In vitro/ in vivo Metabolism and
Degradation Studies
» Soil / Water
* Plant
* Animal

l

Radio Detector / HPLC-MS (full scan)

QqTrap
QqTOF
_ h “A
Product lon Scan Accurate Mass In Neutral Loss Scan Precursor lon Scan
(MS/MS) MS & MS/MS Common Common
Fragments Empirical Formula Structure Elements Structure Elements
(Substructures) — e.g. Conjugates — Fragment lons

MS" Information \ \ /
Further Structure Structure

Information
Fragmentation Pathways

v

Proposal
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1. Epoxiconazole Goat Metabolite

__ Problem
0 - BASF

The Chemical Company

M = 363

C,,H,:N,O,FCl ? C,-H,:N,OFSCI ?
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1. Epoxiconazole Goat Metabolite

o.page CNromatograms (+ESI FTMS)

The Chemical Company

51.3

TIC (FT-MS)

Relative Abundance
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ws|  EIC m/z 364

BE 34.4 441 45.6

Relative Abundance

21.5

14C Chromatogram

Intensity

0.0 ] T T

0 10 20 30 40 50
Time (min)
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1. Epoxiconazole Goat Metabolite

Full Scan Mass Spectrum (+ESI FTMS)
O - BASF

The Chemical Company

385.18535 (Matrlx)

M-+H*
364.08590

Relative Abundance
[6)]
o
L

= 280.10291

30— 312.18081

25— 265.14353 327.21667

= 210.06810 475.24866
205.4883

427.36147

J 417.27386
|

10 150 200 250 300 359 400 450 500
m/z
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1. Epoxiconazole Goat Metabolite

__ Calculation of Empirical Formula
0 -BASF

The Chemical Company

> QqTOF: [M+H"],,, : 364.0907
> FT-MS: [M+H*],, : 364.08590

» Limitations:
e C: 0-50
* H: 0-50 5
*F 01 CH.N,O,FCI] <——>= CH;:N,OFSCI
* Cl: 0-1
* N: 0-5
 O: 0-3
e S:0-1
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1. Epoxiconazole Goat Metabolite

Results TOF
01-BASF

The Chemical Company

Formular Calculated m/z (u) mu Error PPM Error |DBE
<2ppm 1|C20HI5N3OFS 364,0914 -0,6387 -1,7543| 145
<5 ppm 2|C22H16 NO F ClI 364,0898 0,9033 2,481 14,5
3({C14 H20 N3 O3 F S CI 364,0892 1,554 4,2683 55
4{C19H20NOF S CI 364,0932 -2,4686 -6,7802 9,5
5({C17 H1I9 N3 O2 S ClI 364,0881 2,6969 7,4074 9,5
<10 ppm 6/C23HI1N3OF 364,088 2,7332 7,5069 19,5
7{C15HI5S5 N5 O3 FS 364,0874 3,3839 9,2942 10,5
| _81C18H14-N562"S 364,0867 45208 124384 14 5 |
9|C17H16 N3 O3 F ClI 364,0858 4,926 13,5296 10,5]
10 & 536 A T8A4[ 14,5
111C24 H14 N O3 364,0968 -6,0199 -16,534 18,5
12{C20 H15 N3 O2 ClI 364,0847 6,0689 16,6687 14,5
13{C16 H16 N5 O2 F ClI 364,0971 -6,3073 -17,3235 10,5
14|C18 H1I1 N5 O3 F 364,084 6,7559 18,5555 15,5
15({C21 H10 N5 O2 364,0829 7,8988 21,6947 19,5
16[C16 HI9 N5 O S CI 364,0993 -8,5363 -23,4457 9,5
17|C21 H1I8NO3S 364,1001 -9,3918 -25,7953 13,5
18|C13 H20 N5 02 F S ClI 364,1004 -9,6793 -26,5848 55
19|1C21 HIS5NO2FS 364,0802 10,5946 29,0988 14,5
20{C24H14NOS 364,079 11,7375 32,2379 18,5

?
C,,H,N,0,FCl ><<——> C,,H,.N,OFSCI
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O -BASF

The Chemical Company

<2ppm
<3 ppm

<11 ppm

1. Epoxiconazole Goat Metabolite

Results FT-MS

Formular rror PPM Error DBE
1J|Lm7 H16 N3 O3 F Cl 364,0858 0,026 0,0714 105
2 [C18H14N502S 364,0862 -0,3731 -1,0247 14,5
3 [C20H15N3 02 Cl 364,0847 1,1689 3,2106 14,5
4 |[C15H15N503FS 364,0874 1,516 -4,1639 10,5
5 |[C18H11N503F 364,084 1,8559 50974 15,5
6 [C23H11N3OF 364,088 -2,1667 -5,9512 195
7 |c17H19N302SClI 364,0881 -2,203 -6,0507 9,5
8 [C21H10N502 364,0829 29988 8,2366 195
9 [C14H20N303FSCI 364,0892 -3,3459 -9,1899 55
10 [C22H16 NOF ClI 364,0898 -3,0966 -10,9773 145
11 |C20H15N3OFS 364,0914 -5,5387 -15,2126 14,5
12 |C21HI5NO2FS 364,0802 5,6946 15,6409 14,5
13 |[C24H14NOS 364,079 6,8375 18,78 18,5
14 [C19H20NOF S Cl 364,0932 -7,3686 -20,2387 9,5
15 [C18 HIO9N O3 S Cl 364,0768 9,0303 24,8027 95
16 |C24 HI1INO2F 364,0768 9,0666 24,9023 19,5
17 |[C19H15N5 O Cl 364,0959 -10,0644 -27,6429 14,5
18 [C19H14 N3 03 S 364,075 10,8602 29,8288 14,5
19 [C24 H14 N O3 364,0968 -10,9199 -29,9926 18,5
20 [C16 H16 N5 02 F CI 364,0971 -11,2073 -30,7821 10,5

?
C,,H,N,0,FCl ><<——> C,,H,.N,OFSCI
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1. Epoxiconazole Goat Metabolite

Full Scan Mass Spectrum (+ESI FTMS)
O - BASF

The Chemical Company

385.18535 (Matrlx)

M-+H*
364.08590

Relative Abundance
[6)]
o
L

:2 280.10291 j‘> 37C| ] 14C,
30 312.18081 348

25— 265.14353 327.21667

5 210.06810 475.24866
205.4883

427.36147

J 417.27386
|

10 150 200 250 300 359 400 450 500
m/z
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1. Epoxiconazole Goat Metabolite

[M+2]+H* Peak
O -BASF

The Chemical Company

M+H*
364.08590 _N O
— \
100 [~ \

e [M+2]+H*
E 37Cl

= 14
40— 366.08515 C ?

Relative Abundance
(6]
o
L

= 365.08849
15

10

wo o
LU

365.44508 366.44431 367.24786

i A
T T T I I T T T I T T T T T T T I T T T

[ [ [ I
363.5 364.0 364.5 365.0 365.5 366.0 366|.5 367.0
m/z
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1. Epoxiconazole Goat Metabolite

Resolved [M+2]+H* Peak
O0-BASF

The Chemical Company

Resolution = m / Am = 366.08515 / 0.0056 = 65 370

C,,H,N,OF#SEl
. C,-HcN;O;F3"Cl 17" 116'N3
oo 366.0835 (+/-.0 ppm) 366.06391 (calculated)
) C,(CH,;N,0,FCl
e 366.0891 (-0.6 mu/-1.5 ppm)

Relative Abundance

L e e e N I
366.080 366.085 366.090 366.095
m/z
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1. Epoxiconazole Goat Metabolite
Conclusion

- BASF

The Chemical Company

?
C,,H,.N,O,FCl <—=—> C,,H,.N,OFSCI
M = 363

NO
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2. Dithianon

o.pagg  Unusual molecular ion cluster in -ESI

The Chemical Company

B Fungicide
B Task: structure elucidation of minor components

B Unusual molecular ion cluster (,isotope pattern®) in -ESI requires
additional MS experiments

® ESI (pos/neg) S

CN
® APCI (pos/neg) O‘ I
S

® APPI (pos/neg)
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2. Dithianon

UV chromatogram of technical a.l.

- BASF

The Chemical Company

a.i.

1900000 .

1800000 ; X

1700000

= | UV-Chromatogram
1400000

1300000

1200000 ] X
1100000 s

900000 16 ‘
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2. Dithianon

- ESI (lonTrap)

- BASF

The Chemical Company

O
S._ _CN
-ES| I
L 264.0 S CN
211 lon Trap

o O M=206

2.8e7 : M- °
2.6e7 296

_32 296.0

2950

3.0e6 - 2330

268.0

4.0e6 240.0
0e6 9

0 1 22? 0
20661 1894 4000 2 A1 | 248, o\ 252 0 Ipedo  280.1
R ﬁ, it 2050 2138 ..‘. L. 1 T
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m/z, amu

3289
327.0, A (3308 3 36403660 3792,
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2. Dithianon

- ESI (FT-ICR)

- BASF

The Chemical Company

263.99977  _ ES' S

J§
FTMS S
M C14H402N282

M =296
295.97193 (0.2 mu)

fﬂnﬁ||ﬁ||||$|11§1|§r1|§m§

=]

[M+H]-

Relative Abundance
%% it?ﬁlil?Fl\lF?il IF%%II

728

296.97903

W

C14H502N282
(0.18 mu)

M

[M-H]-

265.00335 294.96432
C14H;0,N,S; —

269.96994 | |
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?II\IL_T’:II?IH

3]
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o
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2. Dithianon

- ESI: Origin of [M+H]-

o
Ce S CN
C@X I M-* m/z 296
te S CN
(@)
O‘ S:[CN H-X (solvent)
|
S
OH '
S CN
M = 296 OO SICN [M+H] m/z 297
I
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2. Dithianon

Unusual Quasi Molecular lons only in -ESI

O -BASF
ESI APCI APPI
M pos. mode M pos. mode M pos. mode
> M* > M* > M*

M neg. mode

» [M-H]-, M,
[M+H]

M neg. mode M neg. mode
> M~ > M~

O
S CN
(LI
S CN
O

IMSC 2009 - Bremen - Thermo Lunch Workshop Sept.1, 2009 22




2. Dithianon

o.easp Conclusion

The Chemical Company

For interpretation of quasi molecular ions positive and negative
mode data are helpful

B Formation of radical cations and - anions in pos./neg. mode (M*,
M=) by all applied ionization techniques (ESI, APCI, APPI)

B Negative mode APCI is most sensitive for detection of Dithianon
and minor components

B +/- ESI is standard ionization method for our applications
B Unusual molecular ion cluster in neg. mode ESI

B [dentification of [M+H] quasi molecular ions by accurate mass
measurement (FTMS)

IMSC 2009 - Bremen - Thermo Lunch Workshop Sept.1, 2009 23



- BASF

3. Metaflumizone Minor Component

The Chemical Company

Relative Abundance

lon Trap Fragmentation

T MS/MS m/z 437
957 CF, Z
90
% lon Trap
80~ N

N
= \
N
707
Wt
CF

607 330

551 Metaflumizone M+H*
- M =506
50
437
40—
E 304
s 151 288 i
3 438
E 267
g 331
s 378
= 174 284 305 W
05 i k ! sl I ity | "/ b L J‘ ﬂ]M n b _a, i U\IA J A
[T T T T T [T T T e e e SRR RRRRARARAN RN AR SRSERARRAARRAN AR R ESRARARARTARARRARRR SEEARARARRARRERARRRRE et T
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3. Metaflumizone Minor Component

IRMPD (FTMS)

- BASF

The Chemical Company

MS/MS m/z 437

. 10808079 IRMPD (3
* C,H N S

e -0.1 mu E\N

. 20 (e
705 CF{

65% Metaflumizone
607 M =506

Relative Abundance
[€)]
T

3(% C16H10N2F3+ M+H*
2 +0.1mu 437,15845
152 134.06009 287,07916 |

‘ 151.08664

267.07297 330.08502

07”” AR RN RN ARl P prrtprrr e H\"H‘Ww“w”w”H\‘ LR R LR R RN RS AR AR R \H”\“‘ T \H”l“”wm AR R RN R A L AR R AN
50 100 150 200 250 300 350 400
m/z
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Conclusion

O -BASF

The Chemical Company

" Determination of accurate mass -> empirical formula
for analyte molecule and fragments

= Ultra high resolution gives additional information
about elemental composition

= MS/MS fragmentation by IRMPD even in low mass
range

" LTQ-FTMS is a powerful tool for structure elucidation
In agrochemicals research & development
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