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Introduction i Description of the Issue

U There have been growing concerns expressed by
regulators in relation to the potential generation of
genotoxic impurities as a result of interactions between
strong acids and alcohols.

U This has centred primarily on sulfonate esters, theoretical

R'- alkyl - methyl / ethyl / isopropyl etc.

iImpurities resulting from interaction between sulfonic -
acids and alcohols. 0
7))

i Q 3

R=S-OH + R—OH R—S—OR' + OH, S

O @) al

T

R - alkyl / aryl L_g

O
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Introduction T Description of the Issue

U Issue was discussed at length at the DIA meeting on genotoxic
impurities T November 2005

I FDA expressed significant concerns over use of sulfonic acids as
counterions.

U It was clear at the meeting that many companies had carried out in
house studies

I Showing some understanding of levels formed and how to control them.

u Clear challenge from this meeting going forward was for industry to
build on these studies

I To provide clear evidence of this understanding and to publish.

I PQRI Initiative borne out of this need.
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What is POQRI (www.pgri.org)?

The Product Quality Research Institute www.pgri.org

uné (PQRI) i s a coll aborative pr
Evaluation and Research (CDER),
UAThe mission of PQRI Il s to cond

scientific information that should be submitted in a regulatory filing to
CDER. ©

uné PQRI tackles projects to ensu
performance of drug products. o
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Study Model

U Key aspect of the work was independent verification
of data.

| Specific challenge from FDA.

U Resource also a key factor.

| Real issue for many PQRI activities.

U Also required the right skill set

| Proven track record on trace analysis and of solving
complex problems
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Alms
U To provide a sound scientific understanding of the formation and
decomposition of sulfonate esters,

I under synthetically relevant conditions.

U To understand the absolute levels of such impurities that can form
under process-related conditions.

I Optimal process conditions to minimize the sulfonate ester formation.
| Effective purge processes.

U To place reputable, peer-reviewed science-based knowledge into the
public domain
I Methodologies for analyses and kinetic studies

I Teaching with regard process design to obviate/minimise ester formation
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Experimental Protocol

Step 1. Investigation / Establishment of Analytical Methodology

Experimental Protocol

1. Establishment of actual technique

A wide dynamic range required (low to several thousand ppm)
2. Validation of analytical methodology -
3. Study Methodology

U Establishment of a robust reaction study protocol
A equipment and sampling (+ derivatisation) procedures

A Definition of the numbers of samples and frequency of sampling
required for kinetic modelling. -
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Validation Data for analytical procedure

Key Data:

Linearity: Linear over the range 51500 ug/ml EMS (R?
>(0.999).

Precision:

RSD for EMS (as ETPFB derivative) measured relative to the
Internal standard 2 (d&t-TPFB) was:

13 % at 5 £©€g |l evel and better t

Limit of Detection:0O . 5¢ g/ ml

Limit of Quantification:l &€ g/ mL, corr e s-

[
=
Product Quality Research Institute

N
C{‘}
e
0
7
@
O
O
S
al
'©
Q
C)
O




Analytical Procedure Based upon PFTP

K. Jacq, et al J.Pharm.

Derivatization Biomed.
o Angl, 2008, 48(5), 1339
[l . _
CHiS—OH + EOH ~—~———— Ay OR + H0
'e) O
1) Samples withdrawn over 2) Samples spiked 4
time and treated with: with small amount of 3) samples heated for period of
F dS EMS: time (15 min at 105 deg C in
published method) to effect
F S Na* o derivatization and insure
CH3S—O0CD,CDs equilibration within the
o Headspace prior to assay

. Concentration o%
4) Levels of Et PFTB and d5Et PFTB i

(internal standard) analyzed by GC/MS: values vs time ] 0

] . based upon ratio i~

- schcr,  F SCD,CD, of Et PFTP to T

d5Et PFTP area Dﬁf

F F F F counts —

= F CG

©

Et PFTB d5Et PFTB —
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Experimental Protocol

Step 2: Reaction Space Studies
1. Definition of Scope 1 Sulfonate Esters

0 Commonly used 1° and 2° alcohols in combination the
2 most common sulfonic acids in terms of marketed
salts

I The methyl, ethyl and isopropy! esters of Methanesulfonic acid
I The methyl, ethyl and isopropyl esters of Toluenesulfonic acid.

U Initially study Ethanol-Methanesulfonic acid system

AFollowed by focused studies on other systems
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Experimental Protocol

Step 2: Reaction Space Studies
2 . Scope driven by common

U Presence / absence of water
U Temperature
uTime
U Acidity

Aépar ent systemO0 (no added base

Aexcesses and deficiencies of added base

o Hunigs Base & Pyridines as models for API
A2,6-Iutidine used, as sulfonate salts are highly soluble

Aweaker base than many pharmaceutical bases, therefore

Aprotonated base is stronger acid than pharmaceutical
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Reaction mechanism 1 Ester Formation
U Reactions of (O18) labelled methanol with MSA were analysed by CG-MS.

O O 18
PN 18 I ~
Rz—ﬁ—o_H + R1—O—H R2—ﬁ—0 -+ R1- I +_H
O @] l H
Q 18
R2—|s|,—o-R1+ H—O—H
O

U Reaction occurs through nucleophilic attack of the sulfonate anion on the
protonated alcohol i O8 label appears in the WATER.

I Precludes mechanisms where the alcohol is the nucleophile - 018 label would have
been found in the ester T it was instead restricted entirely to water

U NB Solvolysis is a significant additional mechanism consuming ester

I to form the ether and regenerate sulfonic acid

U This critical proton dependence underpins all the observed results
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Original Design Space

UOFr ont of cubebo

I understanding the (strongly) acidic

systemé

_ 70C
uoMi d and rear o

Tunder standdid négebd

systemse Pr,NEt

Lutidine
No added Base

Temp

U All reactions carried out
in solution 40C

0%  Water (viv) 5%

Concentration of acid: >0.25M
Stoicheometry of added base: 1:1

U Initial system : Ethyl Methanesulfonate (Ethyl mesylate, EMS)
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Presentation of Results

U Results will be presented in graphical form:
I conversion vs time
u Conversion means
I Molar conversion of sulfonate (anion) to ester
| Yields in solution
| Notl evel s of ester in isolated
| Does give teaching on upper limits which may be formed
AAnd hence necessary purge efficiency for salt isolation
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EMS Formation 1 Effect of
Temperature

% conversion
@

1M MSA in EtOH, no added water

0.45
0.4
0.35 -He70C ..“O‘ﬁ
0.3 Py
0.25 °o®
0.2 O
0.15 ®

01l +—92

0.05 1o

0® . . .

0 S 10 15 20
Time (hr)

Product Quality Research Institute

u Conversion to EMS depends on temperature and time.

lAs one would expect é
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EMS Formation T Effect of Temperature

1M MSA in EtOH, no added water
0.45
0.4 +{®70C
A 60C ”.
0.35 1 coa o P"—
= 03 T{maoc o *®
2 0.25 °®
2 PY ®
§ 0.2 ° ®
R 0.15 ® AAkA
® A O
0.1 o> AAAAHA_AAA S
O A
0.05 -
o X 2 X4
o add Ao eape g eeg et L Ot 7
[ [ q)
0 10 15 20 S
Time (hr) o
g
i Conversion to EMS depends on temperature and time. s
Q)

IT'As one woul d
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EMS Formation i Effect of Water

Effect of Water (1M MSA, 70C)

t Conversion to EMS is
reduced in presence of water

u Even 5%w/w water has
significant I

u 25%w/w water reduces
conversion to <75ppm

I after 15 hours at 70C
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EMS Formation i Presence of
2 ,6-Lutidine

0.2

% conversion

0.3 1

T —e—9% excesil.uirf/././.

Effect of Added Base (70C)

—0— 1M MSA, 70degC

—— 2% deficit lutidine /

0.1
0 !;:::—M—rmﬁ—ﬁ

0 2 4 6 8 10 12
Time (hr)

UExcess
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Acidity as a Driver of Forward Rate

Effect of Added Base (70C)

0.3 — —e— 1M MSA, 70degC
—— 2% deficit lutidine
—o— 9% excess lutidine NH,
c 0.2 + . o Cl
.g —— 12% excess nitroaniline
o
c Cl
3
¥ 0.1 NO,
0 m
0 2 4 6 8 10 12
Time (hr)

Excess phosphoric acid afforded NO DETECTABLE EMS
(lutidine:MSA:H;PO, 1:1:0.66)
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Other Systems - Methyl Mesylate

% conversion

Methyl Methanesulphonate Formation

04
0.3
0o®eo ® 60C
o ¢50C
0.2 o ‘_'—‘ +50C
00“ m 40C
o RS ¢
’“
0.1
< "i‘
¢ O
panm
o puinm— .
10 20 30 40 50 60
Time (hr)
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Other Systems I Methyl Mesylate

Methyl Methanesulphonate Formation
0.4
e 000 00O 0 60C
0.3 O <©50C
< 5 © -0 ©50C
= o 4 0 40C
$ 0.2 o o O :
= o0 N2 ® 60C, 7.25%w/w water
3 O ;
° O <>© 4 50C, 6.62%w/w water
> A <§><3<§> M 40C, 6.87%w/w water
0.1 u@d§><%>“;...oooooo
d o & o & & o0
0 10 20 30 40 50 60
Time (hr)

u As with EMS, no observable reaction seen in presence

of lutidine Teasdale, Eyley, Jacq, Delaney et al,
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Solvolysis of Methyl Mesylate

0.07Molar MMS at 60C

80

100 &
90 -;0

70

* ® 0.23M MSA, 0.11%w/w water

60
50

® & 0.05M lutidine, 0.11%w/w water

40

& ¢ 0.22M MSA, 23.88%w/w water
O M 0.23M MSA, 45.66%w/w water

% conversion

30

20

10

O o
" s 5 i

10 15 20
Time (hr)

I Strong influence of water on sulfonate ester stability

I Little influence of acid or base under these conditions
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2-Propyl Mesylate Formation

1.1

1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0

% conversion

1M MSA in Propan-2-ol

o0
® -
® ® 70C, 0.11%w/w water
° [ & 60C, 0.03%w/w water
® ¢ 50C, 0.14%wi/w water
o @ B 40C, 0.14%w/w water
L 2
o . 2
([ 2
[ )
: ‘ I. . T ‘ - T - -
0 5 10 15 20
Time (hr)

u Profile similar to that of EMS, although levels of IMS
formed are higher under anhydrous conditions.
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2-Propyl Mesylate Formation

% conversion

1M MSA in Propan-2-ol

~ O O O 70C, 0.11%wi/w water
oY ©60C, 0.03% water

o ©50C, 0.14%w/w water

o O 0 40C, 0.14%w/w water

O ® 70C, 5.6%w/w water

@) & 60C, 4.3%w/w water

O Q N S 4 50C, 4.3%w/w water

O S W 40C, 4.3%w/w water
W eococeses
tg O UL OQ Oa U4
0 5 10 15 20

Time (hr)

U As with ethyl and methyl mesylate, no observable
reaction seen in presence of lutidine
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Ethyl Tosylate Formation

% conversion

1M TsOH.H20 in Ethanol

0.20 °
0.15
o
0.10
L
0.05 4
L
¢
0.00 M » | .
0 5 10 15 20
Time (hr)

® 70C, 2.2%w/w water
& 60C, 2.2%w/w water
4 50C, 2.2%w/w water
W 40C, 2.2%w/w water

NB TsOH available commercially as the monohydrate
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Ethyl Tosylate Formation

1M TsOH.H20 in Ethanol

0.20 5
O
0.15 O
c O
8
2 0.10 -
3
E 5 s © °
0.05 <
o e¥ e ¢ * 1
0.00 M [T 4m Oem [0 g
0 5 10 15 20
Time (hr)

O 70C, 2.2%w/w water
<& 60C, 2.2%w/w water
< 50C, 2.2%w/w water
0 40C, 2.2%w/w water
® 70C, 8.2%w/w water
& 60C, 7.8%w/w water
#50C, 7.8% water

W 40C, 11.4%w/w water

U Water reduces ester formation

U Excess 2,6-lutidine eliminates ester formation
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Ethyl Tosylate vs Ethyl Mesylate

1M Sulphonic Acid in EtOH

0.4 :
0.3 - 5 —
5 O
8 O
72}
o O
> 0.2 5° o
3 0 o ¢ o0
0.1 o OO
L 2

O @ <><><><> * *
o oOQY e @ OO OO
0.0 W&@Q@$@Wﬁoowog?g D%.
0 5 10 20

15
Time (hr)

® ETS, 70C
¢ ETS, 60C
¢ ETS, 50C
B ETS, 40C
O EMS, 70C
O EMS, 60C
& EMS, 50C
OEMS, 40C

U NB TsOH.H20 available commercially as the

monohydrate
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U Again, no observable reaction seen in presence of lutidine

2-Propyl Esters: Tosylate vs Mesylate

% conversion

1.1
1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

1M pTsOH.H20O in EtOH

UOU
O
mO
O
)
- &
O
O o © ‘<> ¢
¢
4_.,8,003’? e e o &0 o
5 10 15 20
Time (hr)

® TS, 70C
¢TSS, 60C
¢ [TS,50C
O IMS, 70C
< IMS, 60C
< IMS, 50C
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Learning for Proce

Minimise (avoid) sulfonate ester formation by

U Use an excess of the API base, or as near as possible
to an exact stoichiometery.

U If an excess of sulfonic acid is needed, use the minimum
excess possible and conduct the salt formation and
Isolation steps at the lowest practical temperature.

U Include water in the salt formation and isolation
procedures where possible

ACompetition for proton.
A Rapid hydrolysis rates relative to rates of ester formation.
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Learning for Proce

u Avoid situations in which sulfonic acid and alcohol
are mixed and stored before use.

u If this is unavoidable then any solutions should be
prepared at as low a temperature as possible and
hold times kept to a minimum.

u If low level formation likely ensure efficient washing
of cake.

vpvln

oce RI
"OCE I =
S ) Product Quality Research Insfitute

A
o
o
0
0
Q
O
<
al
'©
o
o
O




V| race pt U Root cause analysis showed that

neither MSA nor the
U A common challenge to this work manufacturing process itself
isiowhat about Vi r acegdldbemajorcontributors to the

doesnobt t his dispr opves contBmiration.
findings?6

U MSA hold tank cleaned with
ethanol but, crucially, no tank

i Background i In Spring 2007 drying was performed.
Roche received reports of i Tank then filled with neat MSA.
patients complaining of tablets I This created a highly acidic
smelling + nausea environment

U Tablets ultimately found to be

contaminated with EMS it REMEMBER mechanism H *
I Up to 2300ppm. mediated

I EMS formed over several months

leading to significant levels in
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Conclusion

U Based on the thorough understanding of the reaction
between sulfonic acids and alcohols developed
through the PQRI studies it is entirely possible and
straight forward to control process conditions such
that levels of sulfonate esters can be controlled to
such low levels as to present no appreciable risk

u Ultimately.this showsthat sulfonic acids:can be
used underitheaight conditions without fear ‘of
risk
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Research Institute
of Chromatography

U RIC is based in Kortrijk, Belgium

I Director: Prof Pat Sandra.

unéinvolved in the devel opment and p
howeéo
u Particular skills in trace analysis

I existing methodology developed by RIC in conjunction with Pfizer,
employing HS-GC-MS after derivatisation

U RIC Project Personnel
I R&D Manager: Dr Frank David

I Analyst: Karine Jacq
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Instrument Design

Dual rail system

Heads

syringge

injectic

id syringe (sample / (gas o
prep)

Heated tray Heads

(40 t 70°C)
\ / OC)

MS GC

\ /
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