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Introduction

e “Quality-by-Design” Principles
* Processes for identifying of an unknown degradation-
related impurity

e Extracting information from Precedent

> Where to find such information

> Looking at patterns in the data

> Examples of using such information

e Conclusions
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Stress Testing: The Foundation of
Stability Testing

Stress Testing:

“Stress testing helps to determine the intrinsic stability of the
molecule by establishing degradation pathways in order to
identify the likely degradation products and to validate the
stability-indicating power of the analytical procedures used.”

-ICH Guideline on Stability Testing of New Drug Substances and Products, Q1A(R2),
2003.

Such studies should include:
. Effect of elevated temperature and humidity
. Susceptibility to hydrolysis over a wide range of pH values
. Exposure to oxidative conditions

. Photostability testing
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Stress Testing Strategy:
Quality-by-Design Principles

Knowledge Space
Control Space

Design Space
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Putting meaning to QbD for Stress
Testing and Stability...

Hypothetical Tablet Dosage s P

E _~~  "Potential" Degradation Products
C G (Stress Testing Results)
Parent
_ A D H |
v "Actual" Degradation Products B F
in final packaging / storage conditions
C

H

N Knowledge Space

Full suits of stress
conditions: All likely
modes of degradation

Control Space

Design Space

Parent
[VaVaVaVi

- "Actual" Degradation Products
(Accel./ Long-Term RT Stability)

E
C
B | [ﬁ\ i
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Stress Testing Strategy:
Chromatographic Representation

E
Investigational Method c
A D
A B

Parent

VYV V. VY

N

Investigational Method E

)l

_~~ "Potential" Degradation Products
g (Combining All Stress Testing Results)

H
! “Knowledge” Space

A

"Actual" Degradation Products
(Accel./Long-Term RT Stability)

H “Design” Space

)

Parent

Investigational Method

C

AN

Parent
"Actual" Degradation Products
in final packaging / formulation /
storage conditions

H “Control” Space
A

Final Control Method s

Parent

C H

2N N

Final Method--designed for speed,
robustness, and focused on "actual”
degradation products
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Processes for Identifying and
Unknown Degradant

* Analytical / spectroscopic approaches

> Separation and detection
> Spectroscopic characterization and interpretation

 Chemistry-guided approaches

> Use of stress testing screens (e.g., oxidative susceptibility,
other specific stress conditions)

> Use of personal knowledge of chemistry
> Use of in silico tools (i.e., computational engines)

> Use of “Precedence” (i.e., known deg. chemistry in the public
domain)
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Oxidative Susceptibility Testing

Predictive

Nucleophilic/Direct
. 0.3% H,0,1d, RT

Autoxidation

. AIBN (1 equiv, 40C, 1 d), or
VAZO52 (25C, 1 d)

Electron-transfer
« Cu? (1-5mM, 1d)
« Fe3* (1-5mM, 1d)

Investigative

Peroxides: e.g., Peracetic acid,
MCPBA, Oxone (<30 min)

10, Photosensitizers: e.g., rose
bengal, hv, <30 min

Fenton conditions: Fe?* (1-5
mM) / 0.3-3% H,0O,, < 10 min

Ozone (?)

Other Oxidative Reagents
(e.g., NaOCl, KMnQ,, etc.)




Impurity Problem #1: New Unknown Impurities
Detected During Formulation Process

Low Dose: 10-100 ug active in a 200 mg capsule
Two unknown impurities forming during milling (~0.1 to ~0.8% level)

Analytical Difficulties: Related substances HPLC method requires injection
of almost 2 mL (!) to achieve needed sensitivity. LC/MS analysis to get
MW information on impurity is inconclusive.
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Impurity Problem: Investigational
Approach

Approach: Try to find some way to make the
unknown impurity in larger gquantities
- Aggressive / extended milling?
- Thermal stress? Acid / base stress?

- Perform oxidative susceptibility screening on drug substance
(not product)
— Cu(ll), Fe(lll), AIBN, 0.3% hydrogen peroxide, 1 day
— Rose bengal (singlet oxygen generator), 30 min/light




Oxidative Susceptibility:
Copper (II), 5 mM, 1 day, 40C
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Oxidative Susceptibility:
0.3% H,0O,, 1 day, RT
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Oxida

tive Susceptibility:

Radical Initiator (AIBN), ~1 eq, 1 day, 40C
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Oxidative Susceptibility: Singlet oxygen sensitizer
(rose bengal), 30 min, xenon lamp
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LC/MS Results
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Two Reasonable Hypotheses for
Reaction of Singlet Oxygen

LT
\
WN O/Ar
1
02 102
@)
O— -
0 CH, O\ cH,
S OLA s \O
\ OR —
— \ O/Ar \ / \ Ar
M+32 M+32
l Loss of 42 amu l Loss of 42 amu
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Structures Proposed Based on
Literature Precedent

Key Reference: Reaction of 1O, with Oxazoles -- Wasserman, H.H, et
al., JACS, 94:20 (1972)

H+
HsC ('O

520 B8~ o B

Elapsed time: 48 hours to structure proposal!! Isolation and
NMR characterization within 1 week of sample receipt.

HsC
0 s Po
| Ol — iy 2R

H,C™ O

Unknown 1
M-10 Unknown 2

M+32




Processes for Identifying and
Unknown Degradant

* Analytical / spectroscopic approaches

> Separation and detection
> Spectroscopic characterization and interpretation

 Chemistry-guided approaches

> Use of stress testing screens (e.g., oxidative susceptibility, other
specific stress conditions)

> Use of personal knowledge of chemistry
> Use of in silico tools (i.e., computational engines)
> Use of “Precedent” (i.e., deg. chemistry in the public domain)
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Use of personal knowledge of
chemistry...

Situation: New degradant observed in HPLC
chromatogram of an aged tablet at level of 0.15%.

. LC/MS/ESI reveals MW of degradant to be 14
amu higher than parent drug.

e Structure of parent:

R

Cl Cl Cl
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Use of personal knowledge of

chemistry...

Cl Cl

feag sl

Parent + 14 amu

Cl Cl

Cl

can also look for these MW's

R Ho-o°
0, 0O-0
— O
Cl Cl Cl
RH
-
R
H O-OH
“H,0
R O
Cl Cl Cl

Parent +32 amu

|

Cl
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Processes for Identifying and
Unknown Degradant

* Analytical / spectroscopic approaches

> Separation and detection
> Spectroscopic characterization and interpretation

 Chemistry-guided approaches

> Use of stress testing screens (e.g., oxidative susceptibility, other
specific stress conditions)

> Use of personal knowledge of chemistry
> Use of in silico tools (i.e., computational engines)
> Use of “Precedent” (i.e., deg. chemistry in the public domain)
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In Silico tools...

(= N
)
[ S—7\
(EEEFE E o

>

N

CAMEO (Computer Assisted Mechanistic Evaluation of Organic Reactions),
A.J. Gushurst and W.L. Jorgensen of Yale University. See series of
publications in J. Org. Chem. In the late 1980’s.

DEL PH] Prediction of Drug Degradants Using DELPHI: An Expert
System for Focusing Knowledge

David L. Pole, Howard Y. Ando,” and Sean T. Murphy

Research Formulations Department and Chemistry Department, Pfizer Global Research
and Development, 2800 Plvmouth Road, Ann Arbor, Michigan 48105

VOL. 4, NO. 4, 539—-5489 MOLECULAR PHARMACEUTICS
ZENETH

Expert computer system being

Z (Zﬂé'gh developed by Lhasa Ltd to

predict degradation pathways
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Zeneth Chemical Degradation .
Prediction Software

& LHASA PREDICTIONS Detail for Nordazepam
S aAX |[RK]




Zeneth Chemical Degradation
Prediction Software

4

& LHASA PREDICTIONS Summary for Nordazepam

M4
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Me M2

M10

M11
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M3

M13

13713 Degradénts

& | HASA PREDICTIONS Results Table
Fare Inte ETE'DUIZI“I Probahility

| Farmula

AES

LIKELY

LIKELY

13 |HEI

LIKELY

a M1

o M2

o M3

[l M4

i1 M5

i1 ME

i1 M7

M2 M3 M5
M2 M3 k4
M2 M10

M2 M11

M3 M12  |M7
3 M13

LIKELY

Tra Transformation Mame Relative M Exact Mole M asz Diffe
16| Lactam Hydrolysis C15HT3CIM202|  288.734) 288.06656| 18.010687
51| Hydraolyziz of Cyclic Imines C15HT3CIM202|  288.734| 288.06656| 18.01067
38| Photolytic Dehalogenation of Amlchlondes | C15HT2M20 236.274| 236.09496( -33.96103

9| Hydrolyziz of Acyclic Imines C13H10CIMO 231.682| 231.04508( -39.01090

9| Hydrolyziz of Acyclic Imines C2HEMO2 7R.0B7| 75.03203[195.02396

3| Primary &mine to Hpdrosylamine C1GH13CIM203] 304,733 304.06747| 3400543

38| Photolytic Dehalogenation of Amlchlondes | C15HT4M202 2h4 239| 254.10553| -15.95046
14 Amide Hydrolysis C2HEMOZ2 7R.067| 75.03203[195.02396
14 Amide Hydrolysis C13H10CIMO 231.682| 231.04508( -39.01090

3| Primary &mine to Hpdrosylamine C1GH13CIM203]  304.733| 304.06747| 34.00543

| 38| Photalytic Dehalogenation of Amylchlondes | C1AHT4M202 2h4 239| 254.10553| -15.95046
16| Lactam Hydrolysis C15HT4M202 2h4.289| 26410853 -15.95046
51| Hydrolyziz of Cyclic Imines C15HT4M202 2h4.289| 26410853 -15.95046




Processes for Identifying and
Unknown Degradant

* Analytical / spectroscopic approaches

> Separation and detection
> Spectroscopic characterization and interpretation

 Chemistry-guided approaches

> Use of stress testing screens (e.g., oxidative susceptibility, other
specific stress conditions)

> Use of personal knowledge of chemistry
> Use of in silico tools (i.e., computational engines)

> Use of “Precedence” (i.e., deg. chemistry in the public or private
domain)
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Extracting Information from
“Precedence”

 Where to find such information? Literature,
textbooks, etc. OR...

> Pharma D3 — Drug Degradation Database at

www.d3.cambridgesoft.com . Click on the icon and you are “in”.

Currently 346 drugs;
>1150 degradation
products;
Literature references
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Extracting Information from “Precedence”:
Online Drug Degradation Database

Generic name | Formula |
Trade name | : ight |
Common/Other name | Change in I‘.'h:nlecularweightp
Compound nurnt:-er| alt|—5elec:t one — |
Functional Group | — Select one — =] Conditions | - Select one — |
Parent Degradant
SearchType SearchType
Substructure ;I Substructure ll
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Looking for Patterns in Published
Information: Mining the Pharma D3

Number of Degradants

Degradation Pathway Frequency: MW Change -60 to 60 amu
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Looking for Patterns in “Unpublished”
Information: Mining Lilly Internal Database

Degradation Frequency: -60 to +60 amu change: Internal
Database
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Looking for Patterns in Published
Information: Mining the Pharma D3

0 amu change = ~60 uniqgue examples.

Rearrangement — 31; Epimerization / racemization —
13; cis/trans double bond configuration — 8;
double bond migration — 5.

70

Number of Degradants

Degradation Pathway Frequency: MW Change -60 to 60 amu

o 16

=18

18
=28

14 =
-a4 14 1
2 T 7-3q 2
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= G0
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Molecular Weight Change from Parent (amu)
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Looking for Patterns in Published
Information: Mining the Pharma D3

+16 amu change = 60 examples.

Tertiary amine to N-oxide — 13; thioether to sulfoxide — 9; benzylic
oxidation — 6; sulfoxide to sulfone — 4; allylic oxidation — 3;
alphato a heteroatom (N or O) — 3.

Degradation Pathway Frequency: MW Change -60 to 60 amu
70
b 16

60
w D0
=
=
S 40 18 2
[+1]
(]
S 30
o 18
E -28
=

20 14 32

-44 =14 1
-34
10 -56 -2 =% 2 s 12, = 30
24 12 28 4648
60
|| 20 25|| | 20 |[[s0 s8
D_ .I.rllnl |.".|I.| |rI T 1 1
-60-55-50-45-40-35-30-25-20-15-10 -5 0 5 10 15 20 25 30 35 40 45 50 55 G0
Molecular Weight Change from Parent (amu}
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Using Pharma D3 to Speed Up
Degradation Product Identification

Situation: New degradant observed in HPLC
chromatogram of an aged tablet at level of 0.15%.

 LC/MS/ESI reveals MW of degradant to be 58 amu
higher than parent drug(??!!).

e Now what?

— Accurate mass

— Fragmentation studies
— LC/NMR

— Efforts to isolate / purify

OR...

8/10/2009 Company Confidential
File name /location Copyright © 2000 Eli Lilly and Company



Looking for Patterns in Published
Information: Mining the Pharma D3

60

50

40

30

Number of Degradants

20
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70

Degradation Pathway Frequency: MW Change -60 to 60 amu
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Extracting Information from “Precedence”:
Search on “Change in Molecular Weight”: +58

Generic name|

Trade name|

Common/Other name|

Compound number |

Formula |

Molecular weight |

Change in Molecular weigh |+E-E )

Salt |~ Select one — -

Functional Group | — Select one —

| Conditions | — Select one —

Parent

Degradant

SearchType
Sub=structure ;I

SearchType
Sub=structure ;I

8/10/2009
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Retrieved information...

Record 1 of 1

Mark Recard '

Generic Hame [Varenicline

NH Trade name |Chantix (Pfizer)

Compound Id |249296-44-4

i Salts
N.,-r"

Experiments |Photostability
Accelerated Stability Studies

Degradants |Wiew Degradants

MW: 211.26

Matching Degradants

O
OH
M
™~
N.o-""
CisHisMa0;
MWW 269.30

Accelerated Stability Studies

8/10/2009
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Using Pharma D3 to Speed Up
Degradation Product Identification

e Searching on M+58 amu...

Tablet

NH
formulation
A H(OH
i \
N/
n M N\
Varenicline }
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Sodium Starch Glycolate: Chloroacetic
acid Contaminant - M+58 Impurity

Varenicline: Excipient Interaction

D. Santafianos

Ac-Di-Sol

O

1} NaOH, HQD Potential contaminants

NEDJJ\I
O
0) O
OH
Cl . OH
;\7‘ \)I\oma s 2]22 HD\)\DH
3] alcohol/water e OH 07 o
HO
D b

o,

ONa
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Using Pharma D3 to Speed Up
Degradation Product Identification

chloroacetic acid impurity
Hk O
/_\ OH Tablet H(
) OH
NH Y formulation

Cl \
Na Starch
N— Glycolate
N

Varenicline M+58 amu




Using Pharma D3 to Speed Up
Degradation Product Identification

Situation: New degradant observed in HPLC
chromatogram of a photo-stressed APl sample.

« LC/MS/ESI reveals MW of degradant to be 2 amu
higher than parent drug.

/\ hv
O N N-R —> M+2 amu ??
/ _/




Looking for Patterns in Published
Information: Mining the Pharma D3

Number of Degradants

70

60

Degradation Pathway Frequency: MW Change -60 to 60 amu
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w
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4o 34
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56 S0 e L4s) 12 4,‘2 20

} HHMHHH 1 lﬂn”” H HHHHHN -?[iz 1 ﬂ”24H "HN HN"H w1101 b i
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L T T T T 1 1T T T T T T T T N "\" T II.I 1T

/o s Hn

=

-60 -95-50-45-40 -35-30-25-20-15-10 -5 0 5 10 15 20 25 30 35 40 45 50 35 60

Molecular Weight Change from Parent (amu)
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Extracting Information from “Precedence”:
Search on “Change in Molecular Weight”: +2

Generic name | Formula |
Trade narne| Molecular weight
Common/Other name| Change in Molecular weig t|+2 j
Compounid number| Salt |— Select one — ;|
Functional Group | — Select one — | Conditions |- Select one —
Parent Degradant
SearchType SearchType
Substructure ;I I Substructure ;I
8/10/2009 Company Confidential
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Results from Search in Pharma D3

Photodegradation of the piperazine ring leads to an
M+2 product, among other products:

/(r O\> O>§\N,(rOH
@ @ ;@NJN@M

O O

7 /N\ 7 N\

///N \\ ////N \\

F SCH56592 SCH56592 Photodegradation Product
and elevated temperature deg. product
Chemical Formula: C37H45,FoNgO,4 Chemical Formula: C3gH40F2NgOsg
Exact Mass: 700.3297 Exact Mass: 702.3090

Molecular Weight: 700.7774 Molecular Weight: 702.7502

Feng, W.; Liu, H.; Chen, G.; Malchow, R.; Bennett, F.; Lin, E.;
Pramanik, B.; Chan, T. Journal of Pharmaceutical and
Biomedical Analysis, 2001(25) 545-557

8/10/2009 Company Confidential 44
File name/location Copyright © 2000 Eli Lilly and Company



W. Feng et al. /J. Pharm. Biomed. Anal. 25 (2001) 545557

{a) SCH 56592
MW 700

CayNgF204Hyy

Other degradation
products
to look for from
this degradation
pathway

(b) Component A
MW 714

CS?N$F205H4D

(c) Component B
MW 730

CSFNSFED(:HJ!D

(d) Component C
MW 702

C3eNgF,0sHyg

(e) Component D
MW 414

CE 1N4F203H2D

7 & 1011 1314 9
A eTarart
F F N
. ; \=p OH
3 10 11 16
F S o

il ) -
5 6 N-n
5 N}33 l

~ L
F F-O_QN\_JN@_'L ! 'QDH
= o)

N=R

3 s
OapH H_.0
TT i
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Looking for Patterns in Published
Information: Other examples??

Many more examples could be shown. np

This database needs to continue to grow...

visit http://d3.cambridgesoft.com/ QERKGT“ZG“BA“A“;"E

To contribute degradation product examples to
PharmaD3, contact any one of these by email:

Dinos Santafianos: dinos.santaflanos@ pfizer.com

Karen Alsante: karen.m.alsante@pfizer.com

Steve Baertschi: baertschi@lilly.com
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Conclusions Answers That Matter. ;

- Understanding degradation chemistry is an important
aspect of building in Quality (i.e., Quality-by-Design
principles)

- Leveraging chemistry knowledge, personal or public, can
greatly speed up the process for structure elucidation of
unknown degradants and their associated degradation
pathways.

- Pharma D3 is a useful tool to elucidate degradation
products and pathways.

- Lhasa is developing a chemical degradation prediction
program called Zeneth, and is seeking additional
consortium member companies.

8/10/2009
File name/location

ompany Confidential 47
opyright © 2000 Eli Lilly and Company



Acknowledgements Answers That Matter. ;

Pharma D3

Karen M. Alsante — Pfizer
Dinos Santafianos — Pfizer
Allen Templeton — Merck
Patrick Jansen — Lilly

Jeffrey Press, Peter Hindmarch,
Jennifer Runyan -- Contractor

*wmw

|
!
A |
|,

®
L]
" L2
Ly
* ¥
]
I 1
v
e
AT
e ¥
i ':
e
) b ] w.- ,:-\.--.
o |j -
b A i i\ LR
s
. o

RS

Zeneth Degradation Project
Martin Ott — Lhasa Ltd.

8/10/2009 Company Confidential 48
Copyright © 2000 Eli Lilly and Company



