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Ideal

e One method - All impurities (a final solution)
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Approach
e Hyphenate detection systems to maximize generation of data
e e.g. LC-DAD-MS-MS
e DAD : UV monitoring
e MS : single ion monitoring
e MS-MS : single reaction monitoring
: multiple reaction monitoring
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Scope

e APIs with UV rich + UV poor impurities
e Natural / semi-synthetic APIs with complex impurity profiles
e Genotoxic impurities (TTC level)
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Examples

e Amiodarone (imp. A-H)
- Impurities A-G; LC-DAD method
- Impurity H; TLC method (Limit = 200 ppm)

Include impurity H in the existing LC method and bring down to the
desired limit of 7.5 ppm

e Paclitaxel (imp. A-M)
- Natural sources; LC-DAD method 1
- Semi-synthetic; LC-DAD method 2

Use MS-MS transitions to distinguish between poorly resolved
isomers
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Amiodarone
e Amiodarone is an

e Impurities A-G are UV rich
e Impurity H has no chromophore
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Amiodarone impurities
e Imp. H is the odd one out
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Strategy for amiodarone

e Maintain existing LC-DAD method
e Hyphenate with MS or MS-MS to detect impurity H
e Attempt to also detect other impurities
e Exiting LC method compatible with MS?
(flow, buffers, salts)
e MS conditions optimized for impurity H

(may not be optimal for the other components)
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MS compatible?

e Eluent is compatible
e Flow is not compatible with ESI (too high)
e Flow is compatible with APCI

e Alternatives for ESI
1. Reduce flow to MS by splitting
2. Reduce flow by using an MS column (‘new’ method)
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MS tuning options

e ESI or APCI +/- mode
e MS (full scan, SIM)
e MS-MS (SRM, MRM)

e Selected conditions (all components):

- ESI+ 6 / 9 components are amines (incl. H)
- MRM Identification by MS2 ion ratio
- SRM Quantification on the highest MS2 signal
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Two transitions per component
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Existing PhEur method + MS (split flow)

e SST (amiodarone + D + E) + H
e Impurity H detected at RT = 1.86 min
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Relative response: MS versus DAD

Rel. Response MS (RSD) DAD (RSD)

e Amiodarone: 1.00 (1.5%) 1.00 (0.16%)
e Imp. D: 0.02 (8.7%) 1.17 (0.08%)
e Imp. E: 0.51 (8.8%) 1.20 (0.85%)
e Imp. H: 0.24 (2.2%) -

NP
LI

Nt i
Impurity D
Attempt to increase RT for H
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Using an MS column

PhEur: Symmetry C;g, 54, 3.9 x 150 at 0.7 ml min-!
Changed to:
Symmetry C,g, 3.5y, 2.1 x 100 and 150 at 0.25 ml min!

Results for impurity H:
Both MS columns RT = 1.4 min (before: 1.9 min)
Peak shape and precision still acceptable

Results for all components:
Good resolution
Precision for D, E and F needs improvement

14 Hyphenated techniques in the detection of impurities | 14
October 2010



Mixture of all components symmetry c,q, 3.54, 2.1 x 150 mm
Rel. responses (RSD) RT (RSD < 0.5%)
- Amiodarone: 1.00 ( 3.5%) 17.2
- Imp. A: 14.1 ( 2.0%) 4.6
- Imp. B: 6.98 ( 3.0%) 8.7
- Imp. C: 9.44 ( 2.4%) 9.5
- Imp. D: 0.02 ( 8.8%) 7.2
- Imp. E: 0.34 (12.9%) 8.1
- Imp. F: 0.18 ( 6.8%) 16.1
- Imp. G: 8.30 ( 4.2%) 11.0
- Imp. H: 0.24 ( 2.2%) 1.4
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Limit of quantification (ppm) S/N > 10
- Impurity A, B, C, F, Gand H :LOQ = 20 ppm
- Impurity D and E :LOQ =100 ppm
Impurity H
Current limit =200 ppm

Desired limit 7.5 ppm
Possible further improvement by:
- Single ion monitoring (parent) S/N at that RT?
- Increase MS load
e Split-off less eluent
e Change to APCI+ (allows for flow in PhEur method)
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Conclusion

e Impurity H can be identified and quantified by hyphenating the
existing Ph.Eur method with MS-MS (LOQ = 20 ppm).

e One LC-DAD-MS-MS method for amiodarone is achievable
- Currently exploring APCI+
- Advantage : Add-on technique

e An MS-only method is achievable
- Advantage : One technique, all components
- Disadvantage : a lot of tuning, robustness?

e Currently investigating MS possibilities for paclitaxel
- All impurities can be identified by 1 LC-method
- Investigating UV versus MS detection
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Introduction

» Targets

v'Fast analysis

v'High peak capacity

v'High resolution

v'Low solvent consumption / low cost

Introduction

» Fast liguid chromatography/low solvent
consumption:
» Narrow bore C,4 columns

» (High temperature liquid chromatography)
* Monolithic supports

« Small particle size (< 2 um) columns
(UHPLC)




Monolithic supports

» Organic polymer or silica based

* Polymers:

Disadvantages:

v Lower efficiency (typical for polymeric stationary phases)

v Swell or shrink in organic solvents (lack of mechanical
stability)

Advantages:

v"Wide pH range
v" Ability to be cleaned in extreme conditions

Monolithic supports

» Silica based :

-Sol-gel process; bimodal pore structure
(throughpores and mesopores)

-High efficiency & low back pressure & high
flow rate




Monolithic supports

Chromolith Performance (Merck)

Silica gel skeleton with mesopores (15 nm)
and macropores (2 pum)

PEEK: no wall effects

Low back pressure: porosity 80% (>65%)
Efficiency ~ 3.5 um

Max flow rate ~9 mL/min

Selectivity ~particle column

Easy transfer of existing methods

Sub-2 pm particle columns

*Effect of particle size reduction

5,00+
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D. Nguyen et al., J.Chromatogr. A, 2006, 1128,105-113




Sub-2 um

HIGH RESOLUTION
THROUGHPUT

it :
v'Short analysis time AlE)) RIS CEIpE e

Peak capacity Analysis time

250 mm (5 pm) 250 mm (5 pm)

|

50 mm (1.7 pm) 3 x 250 mm (5 pm)

Golden rules for easy method
transfer

 Stationary phase: use a similar stationary
phase chemistry — two C,g materials are not
always equivalent.

» Mobile phase: mobile phase composition
remains the same.

« Sample: the sample preparation is identical
(same concentration and diluent).




Subject of the study

» Analysis of complex samples (antibiotics)

Comparison:

v'Reduction of column diameter (narrow bore)
v'"Monolithic supports

v'Reduction of particle size (sub-2 pm columns)

Josamycin

Leucomycin > 3
A, orlmp H COCH,CH(CH5), CH,CHO

A;= josamycin 5 COCH,CH(CH5), CH,CHO
AzorimpA COCHj,4 COCH,CH,CH, CH,CHO
Ag H COCH,CH,CH,4 CH,CHO
Agorlmp K COCHj,4 COCH,CH, CH,CHO
Asorimp| H COCH,CH, CH,CHO
Aq COCH, COCH, CH,CHO
Agorlmp G H COCH, CH,CHO
U (A10) COCH,4 H CH,CHO
dHM1orlmp B COCH,4 COCH,CH(CH,), CH,CH,OH
V (Ay)orlmp F H H CH,CHO
X,orlmp J COCH, CO(CH,),CH5 CH,CHO
X3or Imp E COCH,CH, COCH,CH(CH.,), CH,CHO




Erythromycin

Erythromycin A
Erythromycin B
Erythromycin C
Erythromycin D
Erythromycin E
Erythromycin F
N-demethylerythromycin A
Erythromycin A N-oxide

Columns

Classical

Hypersil ODS C;5 (Thermo)250 x 4.6 mm; 5 pm (josamycin)
Hypersil ODS C;5 250 x 2.1 mm; 5 pm

XTerra RP (Waters) C,g 250 x 4.6 mm; 3.5 um (erythromycin)
XTerra C;5250 x 2.1 mm; 5 pum

Monolithic:

Onyx (Phenomenex) 100x 4.6 mm

Chromolith performance (Merck) 100 x 4.6 mm (combination of 2 columns)
Chromolith performance 100 x 2 mm

Sub-2 pm:

Hypersil Gold (Thermo)

100 x 2.1 mm, 1.7 yum

Kinetex (Phenomenex) (core-shell)

100 x 2.1 mm, 1.7 yum

Kinetex PFP (pentafluorophenyl)

Acquity BEH (Waters)

100 x 2.1 mm; 1.7 yum




Josamycin

e Ph. Eur. method

e Chromatographic conditions:

v’ Stationary phase: Hypersil ODS 250 x 4.6 mm; 5 pm
v Mobile phase: A) ACN/ 0.2 M buffer pH 3.0/ 0.2 M
TBA/ water (35:5:3:60, V/v/viv)
B) ACN/ 0.2 M buffer pH 3.0/ water

(50:5:45 v/viv)
v Column Temp.: 45C

v WL: 232 nm

v Inj.vol.: 10 pl

v Flow rate: 2.0 mL/min
v/ Sample: 2.5 mg/mL

v Gradient: 0-38 min (100% A); 38-55 min (0-100% B); 55-
65 min (100% A)

Particle columns C18: Original/narrow bore

Hypersil ODS 250 x 4.6 mm;
5 pm

josamycin

Sample concentration 2.5
mg/mL;

Flow rate: 2.0 mL/min; 122
Bar

UV detection 232 nm;
Column temp.: 45°C;
Gradient: 0-38 min (100% A),
38-55 min (0-100% B), 55-65
min (100% A).

A4+ UNK 1

—»isojosamycin

I

HYPERSIL ODS 250mm x
2.1mm, 5 pm

Sample concentration 0.5
mg/mL;

Flow rate: 0.4 mL/min; 93
Bar

UV detection; column
temp.; gradient: unchanged

samycin josamycin
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x
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Monolithic columns: Chromolith Performance/Onyx

CHROMOLITH
PERFORMANCE 100mm x
4.6mm

Sample concentration 2.5
mg/mL; Flow rate: 2.0
mL/min; 44 Bar

josamycin

A4 +UNK 1

Gradient: 0-11 min (100%A),
11-17 min (0-100% B), 17-20
min (100%A).

é* isojosamycin

k.

100 125 150 ] . 2.0 mL/min

75 I
Retention Time [min]

ONYX 100mm x 4.6mm
Sample concentration 2.5
mg/mL;

Flow rate: 2.0 mL/min; 46
Bar

A4 +UNK 1

Gradient: 0-10 min (100%
A), 10-16 min (0-100% B),
16-20 min (100% A).

—» isojosamycin
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Chromolith Perf. 100 x 2 mm

Absorbance [mAU]

A4 +UNK 1

dHM1
UNK 2

5.0 10.0

. 150 .
Retention Time [min]

Absorbance [mAU]

A7

A4 +UNK 1

<
>
©
dHM1
UNK 2

josamycin

%_, isojosamycin

Sample: 0.25
mg/mL

Flow rate: 0.4
mL/min; 55 Bar

Gradient: 0-12 min
(100 % A); 12-20 min
(0-100 % B); 20-30
min (100 % A)

Compare

Chromolith Perf
4.6 mm

Flow rate 1.5
mL/min

2 Chromolith columns

20.0
Retention Tim

A4 +UNK 1

josamycin

y

<,>—> isojosamycin

75 100 125
Retention Time [min]

Flow rate: 1.5
mL/min; 70 Bar

Sample: 2.5 mg/mL
Gradient: 0-27 min
(100 % A);27- 37 min

(0-100% B); 37-45
min (100 % A)

Compare

1 Chromolith




Hypersil Gold (100 x 2.1 mm, 1.7 um)

josamycin

—> isojosamycin

ﬁm

012 3 456 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 2§29

Flow rate: 0.4
mL/min; 360 Bar

Inj. Vol.: 0.8 puL

Sample: 2.5 mg/mL

Gradient: 0-18 min
(100 % A); 18-25 min
(0-100 % B); 25-30
min (100 % A)

Kinetex/Kinetex PFP

00 10 20 30 40 50 60 70 80 90 100 11,0 120 13,0| 14I

Kinetex: 100 x 2.1
mm, 1.7 ym

Flow rate: 0.5
mL/min; 530 Bar
Inj. Vol.: 0.8 pl
Sample: 2.5 mg/mL

Gradient: 0-14 min

(100 % A);14-21 min
(0-100 % B;) 21-26

min (100 % A)

Kinetex PFP: 100 x
2.1 mm, 1.7 um
Flow rate: 0.5
mL/min; 530 Bar
Inj. Vol.: 0.8 ul
Sample: 2.5 mg/mL

Gradient: 0-7 min
(100 % A); 7-11 min
(0-100 % B); 11-16
min (100 % A)




Erythromycin

e Ph. Eur. method

e Chromatographic conditions:
v’ Stationary phase: XTerra RP C;5 250 x 4.6 mm; 3.5
pHm
v Mobile phase: A) ACN/ 0.066 M buffer pH 7.0/ water
(35:5:60, viviv)
B) ACN/0.066 M buffer pH 7.0/ water

(50:5:45 viviv)

v Column Temp.: 65 T

v'WL: 210 nm

v'Inj.vol.: 100 ul

v Flow rate: 1.0 mL/min

v'Sample: 4 mg/mL

v’ Gradient: 0-38 min (100% A); 38-40 min(0-100% Bg;
40-48 min (100% B); 48-49 min (0%-100% A); 49-58
min (100% A).

Particle Columns C18: Orginal/narrow bore

XTerra 250mm x 4.6

mm, 3.5 pum

Flow rate: 1.0 mL/min, 13C

06 h Bar
1 Inj.vol: 100 pL,

Column Temp.: 65°C

Gradient: 0-38 min(100%

o
o
o

gyl

Absorbanct
N
o
o
|

100 A), 38-40 min(0-100% B),
] 40-48 min(100% B), 48-49
0050 10.0 20.0 30.0 40.0 50.0 [Tl (0- 100% A), 49-58
Retention Time [min] min(100% A).
50.0
XTerra 250mm x
40.0 — 2.1mm, 5 um
g ] Flow rate: 0.2 mL/min, 55
=300 | bar

Inj.vol: 20 pL,

Column Temp.: 65°C,
Gradient: 0-46 min(100%
A), 46-48 min(0-100% B),
48-58 min(100% B), 58-59
min (0-100% A), 59-70

Absorbanc
N
o
o
|

min (100% A).



Monolith: Chromolith Performance

Flow rate: 1.0 ml/min, 13
Bar

Inj.vol: 100 pl,

Column Temp.: 50 °C,

Gradient: 0-18 (100% A),
18-20 (0-100% B), 20-27
(100% B), 27-29 (0-100%
A), 29-35 (100% A).

Flow rate: 0.7 ml/min, 9
Bar

Inj.vol: 100 pl,

Column Temp.: 50 °C,

Gradient: 0-25 (100% A),
25-27 (0-100% B), 27-34

(100% B), 34-36 (0-100 %
A), 36-40 (100% A).

Chromolith Perf 100 x 2 mm

=
o
=}

=3}
=}

Flow rate: 0.1 ml/min,
Inj.vol: 13 pl,

Column Temp.: 50°C
Isocratic: MP A

Absorbance [mAU]

.0
Retemlon T|me [mm]

Chromolith

performance

100 mm x4.6 mm
LQ\/— 1.0 ml/min

mip




2 chromoliths
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Flow rate: 1.0 ml/min, 34
Bar

Inj.vol: 100 pl,

Column Temp.: 50°C
Gradient: 0-41 min(100%
A), 41-43 min (0-100%
B), 43-50 min (100% B),
50-52 min (0-100% A),
52-60 min (100% A).

Chromolith
performance
1 column




Acquity BEH 100 x 2.1 mm; 1.7 um

Sample: 4.0 mg/mL

Flow rate: 0.4 ml/min, 310
Bar

Column T°: 65°C

o
|

Inj. Vol.: 8.3 ul

8

Absorbance (mAU)

J

Gradient: 0-20 min (100 % A);
20-20.5 min (0-100 % B);
20.5-24 min (100 % B); 24-

WJ 24.2 min (0-100 % A)

S

o
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Acquity BEH 100 x 2.1 mm; 1.7 um

Flow rate: 0.2 ml/min, 160
Bar

Gradient: 0-39 min (100 %
A); 39-40.5 min (0-100 %
B); 40.5-46 min (100 % B);
1 46-46.5 min (0-100 % A)

-
@
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Absorbance (mAU)
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Conclusion
Conventional columns: good efficiency,

long run times

Narrow bore columns: same efficiency and
run time, low solvent consumption.

Monolithic supports may show good
efficiency and short run time (josamycin),
beware of temperature limit (erythromycin)

Sub-2 um: may show good efficiency and
short run time: need for similar stationary
phases

Method development needed




Control of purity and impurities
by NMR spectroscopy

by lan McEwen
Medical Products Agency
Sweden
October, 2010
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An NMR sample tube with 0.6 ml solution

Amount of sample required:
1H-NMR: 1-10 mg

13C.- : -
An NMR instrument *C-NMR: - 10-50 mg
Left: the magnet . —
Top-left: the sampler Limits of detection: micrograms

Right: “the electronics"
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Radic frequency
receivar & amplifier

Radio frequency
transrnitter

spinning
sample tube

Sweep Generator

MEDICAL PRODUCTS AGENCY
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Theuseof NMR

Structural (chemical) elucidation
Analytical tool of choice for synthetic chemists

Quantification
¢ For purity
Quantification of a substance in a mixture

Study of dynamic processes
* Reaction kinetics
¢ Study of equilibrium (chemical or structural)

Structural (three-dimensional) studies
Organic molecules
Proteins

*  DNA/RNA
¢ Polysaccharides

Drug design
Structure Activity Relationships (SAR) by NMR

Medicine
Magnetic Resonance Imaging (MRI)

MEDICAL PRODUCTS AGENCY

(/} LAKEMEDELSVERKET




NMR for structural elucidation and identity test

The information obtained by NMR resembles the
pieces of a jigsaw puzzle. And as with a jigsaw
puzzle, the task can be approached from different
angles

Quite often, there is a redundance of data/infaonat
(chemical shifts, multiplicity, correlations, inteds)
needed for the interpretation of the spectrum

(/} LAKEMEDELSVERKET

MEDICAL PRODUCTS AGENCY

1H-NMR spectrum
8-20 min exp time Nonapeptide (3.5 mg) in 0.6 mLO.
‘ Shorter exp time with a 600 MHz
instrument equipped with a cryo probe.
J—U‘JU%“'*LLUA‘ "‘M*‘L Longer exp rime with a 300 MHz
instrument equipped with a BB probe.

13C-NMR spectrum
3-48 hours exp time

R ST T
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1H-NMR spectrum
8-20 min exp time Nonapeptide (3.5 mg) in 0.6 mLO.
‘ Shorter exp time with a 600 MHz
instrument equipped with a cryo probe.
J—U‘J : sl "‘M*‘L Longer exp rime with a 300 MHz
instrument equipped with a BB probe.

2 Toom1

13C-NMR spectrum
3-48 hours exp time

Ll g J‘H‘WH‘ Lo | WMM
- o © "= 2DNMR(HSQCexp) - =e °©
30-90minexp 5, - - F

time T - L

7 6 5 4 3 2 F2 [ppm]

( LAKEMEDELSVERKET
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cannabinoid
JWH-122

A Me
| Wl g
N
J L “L i \
A KA L) LWAAANS WA Pentyl
1 11 1 2111 2 hydrogens .

T T
75 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 25 20 1.5 1.0 0.5 ppm
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Aromatic hydrogen atoms
k115
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B cannabinoid L 130
TWH-122
Me
k135
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Fortodol, older batch

Fortodol, newer batch

—
3.0 7.5 7.0 6.5 [ppm]

Fortodol is a dietary supplement with curcumintasmnain ingredient
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Nimesulide
(an NSAID)

NO,

Fortodol, older batch

Fortodol, newer batch

;JMM

——
3.0 7.5 7.0 6.5 [ppm]

Fortodol is a dietary supplement with curcumintasmnain ingredient
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gNMR

Quantitative NMR is an old technique which has gdimcreased
importance with the accessibiliof more powerful instruments (better
resolution and higher sensitivity). The reliabildf/gNMR has also
increased in the last decades owing to improvettreleics.

gNMR can be used for purity test as well as forghantification of
substances in mixtures.
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oL

85 80 75 70 [ppm]

Quantification of an active substance in a prothyajNMR.
In this case, trichloropyridine has been chosehasdnternal standard
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13C satellite (intensity 0.55%)

/ Impurity (40 nanomolar or 7.7 pg)

N/

Active substance spiked with an impurity
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Contamination of heparin

Repeating disaccharide unit

(o] . . .
“ E 5 (in red) of heparin
HO. \
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[rel]

0.10

0.06

0.02

IH-NMR spectrum of heparin
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. heparinmethyl {1

.

OSCS methyl

0.01 0.02 0.03 0.04 0.05 [rel]

‘ T T
2.4 2.2 2.0 [ppm]

Ca 2% of the contaminant OSCS in heparin
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[rel]

0OSCS 13C-sat

0.008

=

0.006

0.004

0.15% | N
0. 10U et mme™

0.0759 st

0.05%0 [t
0.025 . oot

4
@i

0.002

0%  fronmsmsmer

24 23 22 21 20 19 1.8 [ppm]

LoD. Addition of OSCS to a heparin solution
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By increasing the number of transients (scans)l.ti2is improved
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Impurity X1 I -
API A M M
API B
‘ T T T ‘ T T T ‘ T T T ‘ T T ‘ T T ‘ T T |
22 20 18 16 14 12 [ppm]

Impurity X1 is found in API A (0.03%) but not in AB
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6.0 5.8 5.6 5.4 5.2 5.0 [ppm]

Impurity X2 (0.04%) is found in API A
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Impurity X3
Impurity X4 M
Impurity X5

APIA l

6.6 54 6.2 [ppm]

Impurities X3, X4 and X5 are not found in API A (€0%)
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A herbal based cream
Ve
e
y
U Coﬂ\icoid
bvwvzmu @ “/ buﬁ\l{\wﬁw W“MJ” J 2L
i 4 T
w15 “615““510‘[["!’"‘]‘

Part of a'H-NMR spectrum of a herbal based cream and a refere
corticoid . Ca 0.1% corticoid was found in the cnea
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Reference corticoid

"Herbal based cream"

T T T T T T T
-140 -150 -160 170 -180 [ppm]

Fluorine NMR spectra. Ca 0.1% corticoid was foumdhie cream
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With an NMR instrument you can do
hundreds of different experiments

The limit is set where your fantasy ends

Thank you for your attention

lan McEwen
MPA, Sweden
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