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Chemical Synthesis Control BRUKER
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Anything from:

= quick and dirty check of intermediates of synthetic process
= Verification of final product

= Several analytical technique used

= depends on chemical question and required certainty




Chemists’ full verification... an
(>

They want to be sure, not to file the wrong structure as a drug candidate
Orthogonal data is needed to minimize the chance for false positives

MS can do things NMR can not (CIl/Br, S/0O ...)

e Nominal mass 2 leaves 1'000s of potential false positives

e HRAM-MS - verifies the molecular formula

NMR can do things MS can not

e 100’s of possible structures per molecular formula > potential false positives
e 1D!H

e HSQC |
e HMBC Further reduction of
. 13C potential wrong passes

N



Structure Verification B

number of non-distinguishable structures / isomers
MW 467.298 for a molecule with ca. 500 Da

number of possible molecular formulae
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nominal mass HRAM-MS 1D1H HSQC 13C HMBC

= nominal mass only is not able to rule out 1000s of potentially false positives



Structure Verification B

MW 467,238 O or & molecule with ca. 500 Da.
8000
C20 H 22 N C)4 7000 4
6000
5000
4000

number of isomer structures in
3000 —— ¢ PubChem for given molecular formula

2000 /
- /
1000 I ¥
| _
0 | O | O
nominal mass HRAM-MS 1D1H HSQC 13C HMBC

= HRAM-MS verifies the molecular formula
= still several 100 isomers that cannot be ruled out (potential false positives)



Structure Verification an
(>

number of non-distinguishable structures / isomers
MW 467.298 for a molecule with ca. 500 Da
8000
C20H22NO4 7000
100
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number of non-distinguishable
4000 60 s isomers
3000 )| = possible false positives
40 . -
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0 | 0 [
nominal mass HRAM-MS 1D1H HSQC 13C HMIBC

= 1H NMR still leaves many potential isomers that cannot be distinguished
= clever combination of orthogonal information adds confidence



Bruker Fusion-SV Bg.l?JK(E)R
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new, fully automatic analysis
solution using HRAM-MS and
NMR structure verification (SV)
HRAM-MS
R

Designed for Chemists

e structure centered

- workflow oriented

 Network embedded

08/09/16 7



New: Bruker Fusion-SV 1.1

& Project Navigator £ ]ﬁ Last Inported 5 Recently Reviewed

== New v Fimport ~| [E Report ~ More ~

| O StucturelD t samplelD
| a [ Projecz 12
i 4 Compound 2 Syrthesis 2_A
MS lu AN-329_42613559

R1H <& AN-329-42613559
NMR_ < AN-329-42613559
Compound 1 Synthesis 1_A

4 [ Project 42

B-a

I MS

@

| Enmpnun:: HRAM-MS and NMR data :

< NMR ) Report

@ Detailed Informati.. IB Report Contents 52 IQ Analysis Settings = O

@ ~v-879-4201004

Include in Report
MS
NMR_13C
NMR_1H
NMR_HMBC
NMR_HSQC

Status
Confirmed
Confirmed
Confirmed
Confirmed

Confirmed

Evaluation
automatic
automatic
automatic

automatic  Only availableforal

00000

automatic

I Ms I AK-778_15446017 E Generate Report
[ IR > AK-7IB-15446017
| < m | >
I NMR_HS( ch AKTTE-15446017
4 M Project 77 I [
L= “ = Structy Chromats < 1H NMR Spectrum 1
e compomen St S P © PP Details | e
; I Jil  AX-B18-1230040 =7
[ NMR.13C < AK-D18-12345040 5
| & AK-018-12340040 .
j shared projects | =" 1
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-
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=12
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Final compound successfully synthesized.

Purity » 97%
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Bruker Fusion-SV 1.1: Workbench an
(>

-

Bruker FUSION-5V - Admin - localhost
U

| ) I Verification Demo 2 I Verification Demo 2 v I Project_77
- Projects III Compound 4 III Compound 3 III Compound 4

BB Project Navigator 52 | g Last Imported £ Recently Reviewed

+P'-.Iew - I‘!.Irnpl:urt - @ Report = More - @ A q
0 StructureID T SamplelD Iy MS < NMR @] Reg
4 '-_F'n:qun:t_TT
4 Compound 4 Drug_2222 10_04_15 (v &
Ay AM-879_42010943_GCE_01_2029.d
IMR_1H rE'lErf:\altf:I"".[f:w.-'n.rF"ri.':ﬂfs::l: @ﬁ
RO Project names: Project_79|

P Project_78

Project description: DrugDevelopment No_123
“ Compound 3 [ Share project with other users D

IMF 1 [ OK J | Cancel

IMRB_HSQC 1o AF-775-1o4900L7
B Structure Verification Demo 1

> @ Structure Verification Demo 2

4 mm Verfication Demo 1
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Bruker Fusion-SV 1.1: Workbench

New Verification

Project Name: | project0s

StructurelD:  Aj.92.4169549_005

4 < AJ-292-4169549 [6]
<& AJ-292-4169549
<= AJ-292-4169549_001
<o AJ-292-4169549_002
<& AJ-292-4169549_003
<~ AJ-292-4169549_004
<~ AJ-292-4169549_005

b <g AK-778-1544601 [2]

b < AM-879-4201094 [1]

b g AN-329-4261355 [1]

b <g Structure verification demo data [4]

- | SampleID:  AJ-202-4169549_005

CH]
0\\ /No/
LI
HC HN

| ok || cancel

J

.mol or .sdf




Structure Editor an
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Import MS & NMR data

: O StructureID

@8 Structure Verification Demo 1
@ Structure Verification Demo 2
B project0l
b AJ-292-4169549_001
L project(2
AK-778-1544601
@ projectd3
AM-879-4201094
@ project04
AN-329-4261355
B project05
AJ-292-4169549.003

T SampleD

AJ-292-4169549

AK-778-1544601

AM-879-4201094

AN-329-4261355

AJ-292-4169549 003

e 0 0 O

iy MS Ct' NMR g Report

e 0 0 O




Verify

QO StructureID T SampleD Iy MS <5 NMR [ Report
@ Structure Verification Demo 1
@ Structure Verification Demo 2

> mm project0l

> 4L project02

> project03

> [ project0d

4 @ project05 —
] AJ-292-4169549_005 AJ-292-4169549_005 (?} ° G

MS Iy AJ-292_41695498_RAS_01_2120.d

AJ-292-41695498 6 1

AJ-292-41695498 1 1
AJ-292-41695498 5 1

+
&
NMR_HMBC <+
+

AJ-292-41695498 3 1




Verification review

l % Bruker FUSION-SY - Dan - Jocathos

[ Lo || P

An Chromatograms () Detailed Information | & MS Calibration Info 52

bctrum :'!]

heState v ¥ Veify v K View ~

"Base Calibration’ . Calibration graphl A=A
Date:
Calibration spectrum:
Reference mass list:  Na Formate (pos)
Calibration mode: accurate mass and isotopic
Standard deviation: 0 . .
enderd devistion _ _ pattern information
Reference m/z Resulting m/z Intensity Error [ppm] Error [mDa]
158.96407 158.96407 38840 001 0.00
22695149 226.95148 173722 -0.06 -001 -
29493892 294.93896 13358 013 0.04 -;(- \
36292634 36292628 66512 -016 -0.06 %] Manual Spectra Alignment
43091377 43091381 98171 010 0.04 g
498.90119 498.90117 63970 -003 -001
566.88861 566.88861 64156 -001 -0.00
634.87604 634.87604 55119 001 0.00 e 3
70286346 702.86346 10384 000 000 Currently marked positions in spectra are:
R ERfsarmraseoso
20 300
?sk..u;u’f,:;] E82 ° m= 0 Jb1HNMR Spectrum 52 ]4>13c NMR Spectrum <> HSQC NMR Spectrum | 1D: 2.200 ppm @
81872 33
D ChangeState v [] Process v #7 Verify 2 View ~
T ] Process Spectrum '
] Automatic Baseline Correction

§ a Manual Spectra Alignment 1

=T Spectra reference frequency (SR) will be changed to

3_? align positions to:

| Align to: BED  ppm

Moncisctopic Mass




New: Bruker Fusion-SV 1.1 B%ﬂ

Automatic analysis of combined 1D1H, HSQC, HMBC and 1D13C data for
= Automatic processing of NUS data (HSQC, HMBC)
= Spectra interpretation easily understandable

13C assignment HMBC correlations

CH_2C
CH_2C
o

c1C
C_1C
C_1C
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Generate Report HRAM-MS BRUKER
R

& |
Assignments as Patent String > )
o ] - || Journal Type: Z}oumai of the American Chemical Socnetyi(JACS) v %ﬂ
s 101 Conf The{ | Detail Level: iHigh v (") Ascending @ Descending
St Posi Jount| [R5 -
i - 227( | *H NMR (400 MHz, DMSO): d, ppm 1272 (IH, 5), 11.58 (1H, ), 790 (2H, d, ) = 87 Hz), 780 - TTL GH, | | 3.7
135. sowil | 'm), 7.27 (2H, dd, J = 7.2, 7.2 Hz), 7.22 - 7.14 (3H, m), 3.02 - 2.95 (2H, m), 2.88 - 2.76 (1H, m), 2.69 (2H, t, siz,
Ci 1321 2H]), 2 - - 10.0,37.8,
4 e Aol :Jls- 74 Hz),1.11 (6H, d, ) = 6.7 Hz).
l o6l ik C NMR (101 MHz, DMSO): d, ppm 179.8,179.8,141.7,139.1,137.9,129.1, 128.8, 1276, 126.7, 124 7, L 0 )
A | 126 20.3 44,6, 40.0, 35.7, 349, 19.3. 06,477,
1251 -2,
:i 53.4! fa_ m\m .
506 ‘ E 4tz,
477 211 400,378,
41.1
:‘: 399 E{ ﬁ;hf,'u" 34Hz,
¢
Lo Helv
H-N| (d,
J=10
E‘,ﬁ: | | 12460
¢ :
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MS & NMR Analysis Settings BRUKER

(O

NMR Analysis Settings L2
Method: instrument01 v] [ New ] [ Delete ] [projectOl ,] [ New ] [ Delete ]
instrument01 project0l
Calibration
Mass lists: \.:Na Acetate (pos),Na Formate (pos) = ‘ Expert Settings
Wit ol [DRE 001 Quantification reference directory
Known impurities [Edit]
Chromatogram
BPC num peaks: 5 Suppression frequency unsuppressed
EIC num peaks: 3 | Eretic signal B @ |10 |ppm
Chromatogram Peak Finder 13C decoupling
Sensitivity [%]: 95.0
Appl
Intensity threshold mode: [Absolute vJ [ ERy ]
Intensity threshold: 1000.0 |
ntensity thresho [ oK ] [ Cancel ]
Area threshold mode: [Off v]

Area threshold: 1i10.0

Verification
Adducts: [M+H]",[M+Na]",[M+K]",[M+NH4]" -

Mass tolerance [Da]: 0005

Isotopic fidelity: | Medium v

Saturation intensity: 1.00000e+08

Low abundance warning[%]: Od

Apply

[ ok || conce |




NMR Analysis Settings

- m” - )
NMR Analysis Settings - Define Impurities <

Known Impurities

[C1T™MS ]TsP [C]H20 ["]MeOH

["] DMSO_D5 [T]DMSO_He ["] Dimethylsulfon ["| EtOH

[T]iPrOH [T] c6HB [7] Acetone [TTCH3CN

[Tl CHD2CN [~] Ethylacetate [TIDMF [T NH4

["] CYCLOHEXANE [ ACETIC_ACID

Custom Impurities

Active Identifier Shift [ppm] Multiplicity Coupling Protons Carbons l New |

Identifier default

Protons
[V] Enable

Shift [ppm] from to

Multiplicity DOUPLET
Coupling [Hz]

Number of Protons 7

Carbons

Enable

Shiftippm] from to

Number of Carbons 1

Edit

Delete |

cel

Lo ]l

Cancel

]




NMR Analysis Settings an

NMR Analysis Settings )
[projectOl '] [ New ] [ Belele ]
project01

Expert Settings

Quantification reference directory

Known impurities

Suppression frequency unsuppressed Edit : - -
Suppression Frequencies Location
Eretic signal B @ |-10 | ppm ") Unsuppressed
13C decoupling (") Suppression Frequency File
(") NMR Parameter O1P
[ Apply ] @ Custom

[ oK ] [ Cancel ] Edit Suppression Frequencies

Filenarme forsuppression frequencies |

Number of suppression frequencies 2 3*
Suppression frequency [ppm] 50 ”: 5.0 ";
Remove region around solvent [Hz] 60 =] 60 :~

Quter region around selvent [Hz] 400 ! % ;100

oo

[ ok ][ cance |




Modifying results from an automated analysis

-+ 1H NMR Spectrum 32 |<i> 13C NMR Spectrum <t HMBC NMR Spectrum ?» =8
o Change State E Process v %7 Verify 2§ View ~
E
3 ¢ Impurities
S —
) 2
=
O
o S E I
] ) ! 2
w“ -
& A A Ju (\
1H 2H 2H Sl
1.0 1.9 2.15,
1 I I 1 I I 1 I I I I 1 I I I I 1 I I 1
4.5 4.0 3.5 3.0 [ppm]
[ ’ Edit Cluster Properties R
Calibrate Current Integral
Cut Current Integral _ ‘
l Properties... Status ‘Substance x|
Delete Substance Proton Content 1.0
Protons I; Mixed Integral (4.84... 4.78 ppm): 0991
\ Signal Type I: Impurity Annotation
! {
i New Multiplet
’ New Integral [7] Calculate concentration by this integral




HMBC spectrum BRUKER

<> 1H NMR Spectrum < 13C NMR Spectrum < HSQC NMR Spectrum | <> HMBC NMR Spectrum 2 I » 3 e =0
a Change State « |7 HSQC Y HMBC Y HMBC + HSQC HMBC Correlations @ Process ~
HSQC (4) £ % | o o OJ
HSQC ) & g - - -
HMBC-1 ‘ I
| s
L o
- o
é.l -
R - o
B i~
o
B o
9 0.7 -0,7 2
—— @2 @1'3 x Y & = -3
0 g 3 32 E
3R 8 % ;4 - @
F g
B Lt=]
=]
D [~
I 1 ] 1 T T ] i T I 1 1 | ] T T I i T T T T I I 1 1 T I T ] T I |
45 4.0 35 3.0 25 2.0 ppm]




HMBC Correlation

HMBC Correlations

%

Confirmed correlations:

Violated correlations:




Substructure search ERUVUKER

] Bk FUSION-V Ak Hiquavtest | | =

5t ire o2
i Projects !_.__I_l Compound 4 Q Ll o

o Analyte Group Navigator 'ﬁewl 21 = = O || <= Analyte Editor View <= Analyte SubStructure Search 23 l i
Compound: Modified Structure I Edit StructurJ ImEUI“l Structurel Clear All
|, < PO4500270762 [79] | Formula: CTHTNO
a4 g Structure verification demo data [4] Monoisotopic Mass: 121.05276

<~ Compound 1
o CQmpound 2 Process: | = g ]

< Compound 3 Results Overview Structure was modified

<= Compound 4

Nr. Name Formula Mass

HN

N

$ Admin Structure verification (sv—admin)!ahbqs&wtst—l)_
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Substructure search ERUVUKER
(<)

-

Bruker FUSION-SV - Admin hbgsswtest-0 (= &@ll=]

< Analyte Group Mavigator ‘v’ir:wl 2] =l = 0O [| <> Analyte Editor View | <= Analyte SubStructure Search 73 v (]
Clear filter Compound: Modified Structure Edit Structure Import Structure  Clear All
I < PO4500270762 [79] Formula: CTHINO
4 < Structure verification demo data [4] Monoisotopic Mass: 121_052?6

= Compound 1

<~ Compound 2 Process: | I Start

€ s ot l Results Overview Found 14 Hits l

<~ Compound 4
Nr., Narme Farmula Mass
1 Compound 3 C24H20CINO3 405.1130
2 Compound 1 C21H26MN2055 418.1560
3 PO4500270762_ 006  C22H30N203 370.2256
4 PO4500270762 029  C16H14N202 266.1055
5 P0O4500270762 004  C25H29NO4 407.2097
6 P0O4500270762 021  C21HI19NO2 317.1416
7 PO4500270762 065  Cl4HIIN3O3 2690800
g8 P0O4500270762 078  C13HIINO4 2450688
9 PO4500270762_ 074  C15HIGN203 2721161
10 Compound 4 C32H35CIN204 546.2290 HN
11 PO4500270762_ 036  C23HZE6N204 3941893
12 PO4500270762_ 014  C26H18N203 406.1317
13 P0O4500270762 057  C15H14N2025 286.0776
14 P0O4500270762 069 C15H1SNO4 273.1001

0

.lAdm'm Structure verification (sv-admin)fghbqsswtst-ﬂ



Substructure search ERUVUKER

Bruker Fusion-SV - Admin - hbgsswtest-0
B I Structure...on Demo 2 ¥
- Projects lll Compound 4
< Analyte Group NavigatorViewI 21 =1 = B || <> Analyte Editor View | <= Analyte SubStructure Search &Z] ] |
Clear filter Compound: Modified Structure Edit Structure Import Structure Clear All
. &g PO4500270762 [79] Formula: C7HINO
4 g St-ruccture verif:;tion demo data [4] Monoisotopic Mass: 121.05276
<~ Compoun
=~ Compound 2 Process: ;
= Gampoute 3 Results Overview Found 14 Hits
=~ Compound 4 ;
Lz Name Formula Mass
1 Compound 3 C24H20CINO3 4051130 CH,
: 2 Compound 1 C21H26N205S 418.1560 i
3 P04500270762 006  C22H30N203 370.2256 \ N
4 P0O4500270762 029  C16H14N202 266.1055 =
5 P04500270762_004 C25H29NO4 407.2097 \
6 P04500270762_021 C21H19NO2 317.1416 o
7 P04500270762_065 C14H11N303 269.0800
8 PO4500270762 078  C13H11NO4 245.0688 HC ™
9 P0O4500270762_074  C15H16N203 2721161 -
| 10 Compound 4 C32H35CIN204 546.2290 \I..
|11 P04500270762_036 C23H26N204 3941893 :
12 P04500270762_014 C26H18N203 406.1317
13 P0O4500270762_057  C15H14N202S 286.0776
14 P04500270762 069  C15HISNO4 273.1001
Mapping sub structure is high lighted

_lAdmin Structure verification (sv-admin) ! ahbqsswtest-o



Substructure search

o= Analyte Edimr'li'iewJ = Analyte SubStructure Search [ | = 0
Compound: Modified Structure j" Edit Structure ;!’l Import Structure 3 Clear All
Formula: CEHE
Mongisatopic Mass: T8.04585

Process: i ] —Surl_ |

Results Overview Found 176 Hits

Mame Farmula Mass =

Mew Structure 2 jhgihg CITHISN... 2811052 k

Hew Structure CI7THI4CL.. 3150662

Compound 4 C32H35CL.. 5462285 —

Compound 2 CHHXCL.,. 4051132

Compound 2 CI19H23N... 4051181 :
Compound 1 C2IH26N.. 4181562 “’“ ~ |
AD-476-40572079_001 CI&I_-!_H'CI... ll?'{.l.if?ﬁ o g o
A0-476-4067223a m— el

AD-299-15( Mew Verification 5 =

AD-200.15 Show Exsting Verifications in Projects /L“:h i
AC-299-15047109 001 CHOMAIN.. 5132198 T
AD-299-15047109 CHHIN.. 513.9%

A0-081-41887499 001 C26HXGEBr.. 527.0943

AQ-081 41887493 CXHMEEr.,. 5270843

AO-081-40770617_001 CHHICI, 4150854

AD-081-40770617 CAHISCL. 4150854

AN-919-15231075_001 CI5HMCL. 4351714

AM-919-15231075 C25H2GeC)., 4351714

AM-919-15230074_001 CISH2GC).,. 4351714

AN-918-15231074 C25HIGC).,. 4351714

AN-919-15231054 001 CHHMCL. 4771278

AN-919-15231054 CHHMCL. &77.1278

AMN-329-426135590_001 CI9HMAN.., 4033024 -

T Bectnidiers'y —




Example BRUKER
Codeine and Hydrocodone

Hac/
Codeine Hydrocodone
C18H21NO3 C18|_|21NO3
299.365 299.365




Example BRUKER

Codeine and Hydrocodone

e with the wrong

structure FUSION
B Repott = More + BE-Q reports NOT OK
e from NMR

= : I Codeine v I Codeine
I Projects lll codeine III codeine

B Project Navigator &2 lﬁ LastImported £ Recently Reviewed

o= New v & Import ~

O StructureID '|' Sample D
4 codeine codeine o o
i Codeine_1ppm_GE4_01_675.d
NMR_13C < codeine 1H_13C 13 1
NMR_1H <t codeine 1H_13C 10 1

4 @ Codeine_ TN

hydrocedone hydrocodone

o0
o0

4 hydrocedone hydrocodone
Il Codeine_1ppm_GE4_01 _675.d
<5 codeine 1H 13C 13 1

NMR_1H <> codeine 1H13C 10 1




BRUKER
-.BUut from the data we can tell!

/0 Codeine
H,C C 18 H 21 N 03
299.365 1 codeine_all 11 1 C:\Fusion_results | == x|
J A SHeoss (821368 |8 1.4 nd ]
O
o
~ | X L _
v . : : )
H/ N CH3 pE—— . an - o - —?
o — dog e
N J|—= =
=] ¢ . 5
—1 -
— L
0 L S s K e e e B e S s e
6 5 4 3 2 F2[ppm]




BRUKER
-.BUut from the data we can tell!

1 hydrocodone_all 11 1 CAFusion results =
J},,&} SHls.oso | §C 140.857 | 18 % g ‘

PR N U W VO

~N
Hydrocodone
299.365 : : : f -8

T
100

%)
L]
T
120

(0] 6 5 4 3 2 F2 [ppm]




® H S Q C Of 1 hydrocodone_all 11 1 C:\Fusion_results ‘ E@@]
hydrocodone tells us ¥ &« . -

something has mn JL\ A JM M

happened, and this
isn’t hydrocodone ' i B P
anymore! I .

T
100

T
120

-_—m -
6 5 4 3 2 F2[ppm]
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ERUKER
(<)

e (CMC-assist and FUSION are a black box yes or no

e Be prepared when going through the data to see some incorrect

assignments

Bruker Fusion-SV License Request

Last Name™

First Name*

Title

Company/Institute”

Street

City™

State (USA only)

ZIP/Postal Code

Country china

Email*

M

https://www.bruker.com/nmr_license reguests.html

Comments, questions, send li-
cense to (if different from

above), etc.:

Type of license request”
(® New License

(O Demo License

Please don "t forget the order number if you want to upgrade or transfer a license

Order number

Add. order numbers




Bruker Fusion-SV: Unique Solution for SV an
(><

full integration HRAM-MS and NMR data (orthogonal
techniques)

« significantly increased accuracy and throughput of

Structure Verification

easily useable - also for non-experts

fully automated data analysis

proprietary NMR auto-analysis algorithms based on

human logic emulation

unique Smart Formula™ for mass accuracy and True
Isotopic Pattern (TIP)

= Bruker FUSION-SV coalesces NMR data with
HRAM-MS data and yields a combined result




www.bruker.com
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Thank you!

Would you like to learn more? Contact a customer service representative.
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