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DIAZOMETHANE

* Discoveredin 1894 by Hans von Pechmann (born April 1, 1850; passed April 19, 1902)

* Highly acutely toxic and explosive gas

e  Mechanism of action:

©)
K, ® o ky o)
SCH, ~ CHs o O7 R 07 R
Diazomethane 'Meth_yl
diazonium

* Bretherick’s Handbook of Reactive Chemical Hazards cites multiple reports of explosions and exposures
e “Safer” alternativesexist for the generation of diazomethane: TMSCHN,, Diazald, etc.

 Foran example of diazomethane generationin flow see: Org. Process Res. Dev. 2018, 22,4, 446456

H. von Pechmann "Ueber Diazomethan". Berichte der deutschen chemischen Gesellschaft. 1894,27(2):1888-1891.d0i:10.1002/cber.189402702141
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e Belongstoimidazotetrazine class of molecules (TMZ2)

* Developed by Malcolm Stevens and his team at Aston University (Birmingham, England) in 1970s
 TMZ serves as the standard of care for glioblastoma (GBM)

* TMZ hydrolyzes at physiological pH to MTIC which then releases the active methylating agent, methyl

diazonium o
H,N
NH,
0 o} N
H2N H2N \\/NH
N. N.
TN H20 TN AIC
\_N_ _N. \_NH HN.
SNeH; - o, g CH,
o) ®
N
, 2>CH
Temozolomide MTIC 3
(TMZ)

Methyl diazonium

Temozolomide — birth of a blockbuster https://www.rsc.org/images/TEMOZOLOMIDE_ChemistryWorldJul09_tcm18-155909.pdf
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GDvCh Research Articles ﬁffﬁﬁg"gﬁfmie

A International Edition: DOI: 10.1002/anie.201911896
Diazo Compounds German Edition: DOI: 10.1002/ange.201911896
Imidazotetrazines as Weighable Diazomethane Surrogates for
Esterifications and Cyclopropanations

Angew. Chem. Int. Ed. 2020, 59, 1857 — 1862



TEMOZOLOMIDE (TMZ2)

efficient and operationally simple. TMZ is a commercially
available solid that is non-explosive and non-toxic, and should

find broad utility as a replacement for diazomethane.

©2020 Vertex Pharmaceuticals Incorporated

Angew. Chem. Int. Ed. 2020, 59, 1857 —1862
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Temozolomide

CH CH o
N N omN (TM2)
efficient and operationally simple. TMZ is a commercially a) i 0,57 "No 05" "No W Ny
. % g % 2 H H NS \
available solid that is non-explosive and non-toxic, and should H\(Nz )5 /@ : SN N,
find broad utility as a replacement for diazomethane. H \ cH . i i
Diazomethane TMS— ; 3 1 i T™Z
Diazomethane Digzald (Precursor/ : (Precursor/
(Reagent) (Reagent) (Precursor) Reagent) H Reagent)
e ot ificati Esterificati : Esterification
Cyclopi { Cycloprop i o) P Cyclop i H Cyclopropanation
Explosive Non-explosive N plosi N xplosil Non-explosive
Severe inhalation Severe inhalation B P ;s
toxicity toxicity No acute toxicity No acute toxicity ] No acute toxicity
Quenched in water Quenched in water Insoluble in water Water soluble : Water soluble
Used as a Used as a £ , Used as a z B
solution ‘solution Weighable solid ackition : Weighable solid

Angew. Chem. Int. Ed. 2020, 59, 1857 —1862
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TEMOZOLOMIDE (TMZ)

efficient and operationally simple. TMZ is a commercially
available solid that is non-explosive and non-toxic, and should
find broad utility as a replacement for diazomethane.

equivalent, TMZ also exhibits considerably more thermal
stability than other diazomethane precursors such as Diazald,
which bears an N-methyl N-nitroso group: Diazald decom-
poses (explosively) at its melting point of 60°C*! while TMZ
is stable up to its melting point, 212°C. It should be noted that,
while more convenient than other diazomethane precursors,
proper caution is still warranted (particularly on large scale)
when employing TMZ in these reactions. Finally, chemical

ot o
N N
a) 08" “NO 08" “NO
N2
N, H
H \( .~
—Si
H \ Na0OC
Diazomethane TMS- ?Ha 1
Diazomethane Diazald (Precursor/
(Reagent) (Reagent) (Precursor) Reagent)
P o o Esterificati
Cyciop Cycloprop Cycloprop Cyclop
Explosive Non-explosive Ne plosi N xplosi
Severe inhalation Severe inhalation S it
Ne te te
toxicity toxicity No acute toxicity jo acute toxicity
Quenched in water Quenched in water Insoluble in water Water soluble
Used as a Used as a . . Usedasa
solution solution Weighable solid solution

Angew. Chem. Int. Ed. 2020, 59, 1857 — 1862
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Esterification
Cyclopropanation

Non-explosive
No acute toxicity
Water soluble

Weighable solid
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DIFFERENTIAL SCANNING CALORIMETRY
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TEMOZOLOMIDE (TMZ) - DSC

exo

2C_min TMZ Analysis.

25.02.2020 16:1002

Heat Flow Wg*-1

504

sample: Temozoloamide, 4.1680 mg
Method Hame: Vertex_Fauske_Gold_Solid_2C/min

Remarks: Heating Rate: 2Cimin.
AstaTech
Lot: P165-02784

Integral

normalized

Onset

Peak

Left Limit

Right Limit

5385.64 mJ
1292.14 Jg* 1

13
.46

167.53°C
202.27°C

°C
°C
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Method Name

Sample

Vertex_Fauske_Gold_Solid_2C/min

Lab: METTLER

Temozoloamide, 4.1680 mg

STAR" SW 1620
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TEMOZOLOMIDE (TMZ) - DSC

exo 2C_min TMZ Analysis 26.02 2020 16:1002
554
sample: Temozoloamide, 4.1680 mg
50 Method Name: Vertex_Fauske_Gold_Selid_2C/min
Remarks: Heating Rate: 2Cimin.
AstaTech
Lot: P165-02784 Integral 5385.64 mJ
45 normalized  1292.14 Jg*1
Onset 13°C
Peak .46 °C
LefiLimit  167.53°C
Right Limit ~ 202.27 °C
40
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Temperature °C
Method Name Sample
Vertex_Fauske_Gold_Solid_2C/min Temozoloamide, 4.1680 mg
Lab: METTLER STAR" SW 18.20
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ANALYSIS OF 5 COMMERCIAL LOTS
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COMMERCIAL LOT ANALYSIS

TMEZ Curve Overlay Comparison with Peaks 28.07.2020 09:42:20
s] Vendor 2: Purity 97% _
1 Left Limit: 171 °C |
0] Integral (normalized): -1,394 J/g | _
1 Vendor 3: Purity >=98% ‘ Vendor 5: Purity >99%
™1 Left Limit: 172 °C | ILeft Mt 180 e
] : . t i -1,
o0 Integral (normalized): -1,395 J/g ntegral (normalized) /e
2
% 40]
305
2 Vendor 1: Purity >99%
10 Left Limits: 122 °Cand 177 °C
] Integral (normalized): -1,406 J/g
4r0 I 6‘0 I B'CI ‘ 1(I]0 I 150 ‘ 1-‘;-0 l 1é0 26¥em;emﬁ%‘g gcl 2:10 l ZIED r 2&0 ‘ 360 I 350 I 3&0 l 3&0 3;0 I
Lab: METTLER

©2020 Vertex Pharmaceuticals Incorporated
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O.R.E.O.S. ASSESSMENT
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O.R.E.O.S. ASSESSMENT

Points
1 2 4 8
Oxygen Balance Hazard Low Med High
Rule of 6 calculation Pass Fail
Explosive Functional Group? No Yes
Onset temperature >300 200-300 125-200 <125
Scale 1mgto 5g 5g to 100g | 101gto 500g >500g
0.R.E.O.S. Total:
Medium
Hazard
Points: 18 to 27

Sperry, J.B.; Azuma, M.; Stone, S. Org. Process Res. Dev., 2021, 2,212-224



O.R.E.O.S. ASSESSMENT

Scale
Material oB Rule | ExXFG | Onset <5g 5gto 100gto | >500g
of 6 <100g 500g
0
HaN

= N¢N High | Pass Yes ;(2}3 Medium | Medium | Medium
N |

A-N_ _N. (8) (2) (8) Hazard Hazard Hazard
N \l'r CH, (4)

o]

temozolomide

©2020 Vertex Pharmaceuticals Incorporated
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O ° R . E ° O ° S . ASS ESS M E NT O.R.E.O.S. Hazard Example Recommendations

Rank
Scale
Material 0B Rule | ExFG | Onset <5g 5g to 100gto | >500g
of 6 <100g 500g
0
HoN
N . 125- . . n
= N High | Pass Yes 200 Medium | Medium | Medium
N |
NN \l_r N “CH (8) 2) @) (4) faza sz iz e Proceed using internal guidance on handling energetic
3 compounds.
e}
temozolomide o ARC testing is required.

Medium Hazard or

Quantitative small-scale explosivity screening is required

Select Test Series 1 is recommended based on ARC testing,
likely failure modes and available material (Koenen Test,
Time/Pressure Test, and/or U.N. Gap)

©2020 Vertex Pharmaceuticals Incorporated CONFIDENTIAL global.vrtx.com 17



ACCELERATING RATE CALORIMETRY (ARC)
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Temperature (°C)

TEMOZOLOMIDE (TMZ) — ACCELERATING RATE CALORIMETRY (ARC) "y ™on,
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Pressure (psig)

TEMOZOLOMIDE (TMZ) — ACCELERATING RATE CALORIMETRY (ARC)

ARC-200303.3
350 i : : : :
] Temozolomide i ! : :
] e Exothermic Data : ! : !
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CLASSIFYING EXPLOSIVE SUBSTANCES PER
U.N. MODEL REGULATIONS (UNMR)

1
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CLASSIFYING EXPLOSIVE SUBSTANCES

New Substance

Is the substance

manufactured with
the intent to produce YES _ SU bSta nce to be
O-CET D @l considered for Class 1 [l Test Series 3
or pyrotechnic

effect?

* UN Gap Test (Zero Gap)

Test Sries 1 + Koenen Test

No

* Time/Pressure Test

Is it an explosive too insensitive
substance? Test Series 2 for inclusion into

* UN Gap Test (50mm Gap) Class 1?

* Koenen Test

l No * Time/Pressure Test
Yes

F 3

Is the substance

Test Series 4

]
1
v
|
1
v
|

1
v

l

Excluded
from Class 1

Class 1 and
Division
Assigned

Not Class 1 Explosive &

Sperry, J.B.; Azuma, M.; Stone, S. Org. Process Res. Dev., 2021, 2,212-224

©2020 Vertex Pharmaceuticals Incorporated
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SHIPPING POTENTIALLY EXPLOSIVE MATERIALS FOR TESTING

Contact
Explosivity
Testing
Provider (ETP)

Decision to Perform TS1/TS2
Testing (U.S.)

Explosives
Transport Company
Collects Sample for

Delivery

Shipping
Instructions

Provided per 49 CFR
§173.56(d)

Tentative shipping classification
and description

Approval number
Inner packaging requirements
Outer packaging requirements

Proper marking on package

Contact

Internal

Shipping
Departmen

Locate Explosives
Transport Company

Submit
Paperwork to
ETP in Advance
of Shipping

Complete
Paperwork and
Prepare
Sample for
Pickup

Sperry, J.B.; Azuma, M.; Stone, S. Org. Process Res. Dev., 2021, 2,212-224

©2020 Vertex Pharmaceuticals Incorporated
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SHIPPING POTENTIALLY EXPLOSIVE MATERIALS FOR TESTING |

T 10‘. s

Sperry, J.B.; Azuma, M.; Stone, S. Org. Process Res. Dev., 2021, 2,212-224

©2020 Vertex Pharmaceuticals Incorporated CONFIDENTIAL

global.vrtx.com

24



U.N. TEST SERIES 2
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TEST SERIES 2 - METHODS

Test

What is Measured

Failure Results if

U.N. Gap Test

Koenen Test

Time/Pressure Test

Sensitivity of material to a shock stimulus

Effect of heating under confinement

Effect of ignition under confinement

Tube fragments completely or hole is
punched through witness plate

1. Tubeisfragmented into three or more
mainly large pieces which in some cases
may be connected with each other by a
narrow strip, or

2. Tube fragmented into many mainly
small pieces, closing device unchanged,
or

3. Tube fragmented into many very small
pieces, closing device bulged out or
fragmented

Rate of the overpressure from 100 psig to
300 psigis less than 30 ms

©2020 Vertex Pharmaceuticals Incorporated
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U.N. GAP TEST

c
H. '
'
— I
T
i F
|
|
G
(4) Spacers (B)  Witness plaie
© Steel tube (D)  Substance under investigation
(E) RDX/wax or PETN/TNT booster charge F) Detonator holder
(G) Detonator (H) Plastics membrane

Figure 11.4.1.1: UN GAP TEST
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U.N. GAP TEST

.
- b Photo 2: UN 2-Inch Gap Test Setup — Trials 1 & 2
B ' 1
- 1
T
i ,
]
G
(A) Spacers (B)  Witness plate
© Steel tube [13)] Substance under investigation
(E) RDX/wax or PETN/TNT booster charge F) Detonator holder
(G) Detonator (H) Plastics membrane

Figure 11.4.1.1: UN GAP TEST

Tsvs
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U.N. GAP TEST

FAUSKE
TN
U 2k g Test
| Trial 147 ot
1007 : Vason Ford
s
Fke- (048
for1 12080

. . Photo 2: UN 2-Inch Gap Test Setup —Trials 1 & 2 Photo 3: UN 2-Inch Gap Test Results - Trials 1 & 2
— 1
T
i1 ,
I
G
(A)  Spacers (B)  Witness plate
©  Stelbe D) Substance vader ivestgation
(E)  RDX/wax or FETN/TNT booster charge (F)  Detonator holder
(G)  Detonator (H)  Plastics membrane

Figure 11.4.1.1: UN GAP TEST

Tsvs
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U.N. GAP TEST

Photo 2: UN 2-Inch Gap Test Setup —Trials 1 & 2

(' Fauske
THE

UV 2-lach Gup Test
Tral 17 i

M Yason Ford
s

Pkt eo¥R
for1 /2030

Photo 3: UN 2-Inch Gap Test Results — Trials 1 & 2

Table 2: 2-Inch Gap Testing Results Summary
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]
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(A)  Spacers (B)  Witness plate
©  steelmobe (D) Substance under investigation

RDX/wax or PETN/TNT booster charge
Detonator

Detonator holder
Plastics membrane

Figure 11.4.1.1: UN GAP TEST

©2020 Vertex Pharmaceuticals Incorporated

Sample
Sample Trial Weight Conditions and Results Pass/Fail
(grams)
No pipe damage. No hole
1 246 or perforation in witness Pass
Temozolomide plate.
Substance No pipe damage. No hole
2 245 or perforation in witness Pass

plate.

CONFIDENTIAL
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U.N. GAP TEST

Photo 2: UN 2-Inch Gap Test Setup —Trials 1 & 2
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Photo 3: UN 2-Inch Gap Test Results — Trials 1 & 2

Table 2: 2-Inch Gap Testing Results Summary
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(4) Spacers (B)  Witness plaie
© Steel tube (D)  Substance under investigation
(E) RDX/wax or PETN/TNT booster charge F) Detonator holder
(G) Detonator (H) Plastics membrane

Figure 11.4.1.1: UN GAP TEST
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Sample
Sample Trial Weight Conditions and Results Pass/Fail
(grams)
No pipe damage. No hole
1 246 or perforation in witness Pass
Temozolomide plate.
Substance No pipe damage. No hole
2 245 or perforation in witness Pass
plate. @5[\/1‘5“5
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TEST SERIES 2 - METHODS

Test

What is Measured

Failure Results if

U.N. Gap Test

Koenen Test

Time/Pressure Test

Sensitivity of material to a shock stimulus

Effect of heating under confinement

Effect of ignition under confinement

Tube fragments completely or hole is J
punched through witness plate

1. Tubeisfragmented into three or more
mainly large pieces which in some cases
may be connected with each other by a
narrow strip, or

2. Tube fragmented into many mainly
small pieces, closing device unchanged,
or

3. Tube fragmented into many very small
pieces, closing device bulged out or
fragmented

Rate of the overpressure from 100 psig to
300 psigis less than 30 ms

©2020 Vertex Pharmaceuticals Incorporated
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KOENEN TEST

-

T
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o
(A)  Nut(b=10.0or 20.0 mm) with (B)  Orifice plate
flats for size 41 spanner (a=1.0—20.0 mm diameter)
(C)  Threaded collar (D) Flats for size 36 spanner
(E) Flange (F)  Tube

Figure 11.5.1.1: TEST TUBE ASSEMBLY
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KOENEN TEST
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Photo 4: Koenen Test Result (2mm Orifice) for Temozolomide Substance Results

S

d ﬂii‘
s
(A)  Nut(b=10.0 or 200 mm) with (B)  Orifice plate
flats for size 41 spanner (a=1.0— 20.0 mm diameter)
(©)  Threaded collar (D) Flats for size 36 spanner
(E)  Flange (F)  Tube

Figure 11.5.1.1: TEST TUBE ASSEMBLY
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KOENEN TEST

Photo 4: Koenen Test Result (2mm Orifice) for Temozolomide Substance Results

FAUSKE
~TNE
- Koen Tot T
o;..l 12,3 rewpte
s Jason Ford

FSKE- eoy8
fo/112020

Table 3: Koenen Testing Results Summary

[GV] Nut (b= 10.0 or 20.0 mm) with (B)  Orifice plate

flats for size 41 spanner (a=1.0—20.0 mm diameter)
(C)  Threaded collar (D) Flats for size 36 spanner
(E)  Flange (F)  Tube

Figure 11.5.1.1: TEST TUBE ASSEMBLY

©2020 Vertex Pharmaceuticals Incorporated

Sample Trial Conditions and Results Pass/Fail
Bottom of tube bulged out slightly, resulting in
1 wnn Pass
Effect Type “A
Temozolomide 5 Bottom of tube bulged out slightly, resulting in Pass
Substance Effect Type “A”
3 Bottom of tube bulged out slightly, resulting in

Effect Type “A”

Pass @SM S

CONFIDENTIAL
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KOENEN TEST

Photo 4: Koenen Test Result (2mm Orifice) for Temozolomide Substance Results

FAUSKE
~TNE
- Koen Tot T
o;..l 12,3 rewpte
s Jason Ford

FSKE- eoy8
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Table 3: Koenen Testing Results Summary

[GV] Nut (b= 10.0 or 20.0 mm) with (B)  Orifice plate

flats for size 41 spanner (a=1.0—20.0 mm diameter)
(C)  Threaded collar (D) Flats for size 36 spanner
(E)  Flange (F)  Tube

Figure 11.5.1.1: TEST TUBE ASSEMBLY

©2020 Vertex Pharmaceuticals Incorporated

Sample Trial Conditions and Results Pass/Fail
Bottom of tube bulged out slightly, resulting in
1 wnn Pass
Effect Type “A
Temozolomide 5 Bottom of tube bulged out slightly, resulting in Pass
Substance Effect Type “A”
3 Bottom of tube bulged out slightly, resulting in Pass
Effect Type “A” @SM S

CONFIDENTIAL
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TEST SERIES 2 - METHODS

v

Test What is Measured Failure Results if

U.N. Gap Test Sensitivity of material to a shock stimulus Tube fragments completely or hole is
punched through witness plate

Koenen Test Effect of heating under confinement 1. Tubeisfragmented into three or more

Time/Pressure Test  Effect of ignition under confinement

mainly large pieces which in some cases
may be connected with each other by a

narrow strip, or

2. Tube fragmented into many mainly

small pieces, closing device unchanged,

or

3. Tube fragmented into many very small

pieces, closing device bulged out or

fragmented

Rate of the overpressure from 100 psig to

300 psigis less than 30 ms

v

©2020 Vertex Pharmaceuticals Incorporated
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TIME/PRESSURE TEST

v
N>
ISR
VN o u
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e L
‘:I g By e g
Hi=5 q g
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ﬁ i =18 5
I i
144 :] 3[
|
v
we|
Ca
@ Pressure vessel body (B)  Bursting disc retaining plug
© Firing plug (@)  Soft lead washer
® Bursting dise ()  Sidearm
1) Pressure transducer thread ()  Copper washer
@ Insulated Electrode (®) Earthed electrode
@ Insulation (M) Steel cone
™ Washer distorting groove

Figure 11.6.1.1: APPARATUS
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TIME/PRESSURE TEST
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TIME/PRESSURE TEST
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Table 4: Time/Pressure Testing Results Summary

Sample Trial Conditions and Results Pass/Fail
1 The pressure reached 2,070 kPa Fail
] (300 psi) in 21.2 ms
Temozolomide The pressure reached 2,070 kPa .
Substance 2 (300 psi) in 25.8 ms Fail
3 N/A

N/A
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TEST SERIES 2 - METHODS

Failure Results if

Test What is Measured
U.N. Gap Test Sensitivity of material to a shock stimulus
Koenen Test Effect of heating under confinement

Time/Pressure Test  Effect of ignition under confinement

Tube fragments completely or hole is
punched through witness plate

1. Tubeisfragmented into three or more

v

mainly large pieces which in some cases
may be connected with each other by a

narrow strip, or

2. Tube fragmented into many mainly

small pieces, closing device unchanged,

or

3. Tube fragmented into many very small
pieces, closing device bulged out or

fragmented

Rate of the overpressure from 100 psig to

300 psigis less than 30 ms
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CLASSIFYING EXPLOSIVE SUBSTANCES

|

Is the substance
manufactured with

Substance to be Is substance thermally

. — ; stable in its current form
considered for Class 1 Test Series 3 and safe for transport?

the intent to produce
a practical explosive
or pyrotechnic
effect?

* UN Gap Test (Zero Gap)

Test Series 1 + Koenen Test

* Time/Pressure Test

No

Is the substance
Is it an explosive too insensitive
substance? Test Series 2 for inclusion into

* UN Gap Test (50mm Gap) Class 1?

* Koenen Test

l No * Time/Pressure Test

Not Class 1 Explosive &
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U.N. TEST SERIES 3
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TEST SERIES 3 - METHODS

Test What is Measured Failure Results if
UN Series 3 (a)(i) Sensitiveness to impact (3.63 kg at 10 cm) A flame or audible report is observed in at
Bureau of least 5 out of 10 trials

Explosives Impact
machine test

UN Series 3 (b)(i) Sensitiveness to friction (including impacted
BAM friction friction)

sensitivity test

UN Series 3 (c)(i) Thermal stability of a substance

Thermal stability

testat 75°C

UN Series 3 (d) Response of a substance to fire

Small-scale burning

The lowest load at which one “explosion”
occurs in six trials is less than 80N

An ignition or explosion occurs in 48 hours

The substance explodes

©2020 Vertex Pharmaceuticals Incorporated

CONFIDENTIAL global.vrtx.com 45



TEST SERIES 3 - RESULTS

Test What is Measured Failure Results if
UN Series 3 (a)(i) Sensitiveness to impact (3.63 kg at 10 cm) A flame or audible report is observed in at
Bureau of

least 5 out of 10 trials
Explosives Impact

machine test

Test Conditions and Results Pass/Fail

UN Series 3 i)B f

e’.'es (3)i) ureal..l © No reaction was observed at 10cm in 6
Explosives Impact machine trials Pass
test '
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TEST SERIES 3 - RESULTS

Test What is Measured Failure Results if
UN Series 3 (a)(i) Sensitiveness to impact (3.63 kg at 10 cm) A flame or audible report is observed in at
Bureau of

Explosives Impact
machine test

least 5 out of 10 trials

v

test

Test Conditions and Results Pass/Fail
UN Series 3 i) B f
e’.'es @i ureal..l © No reaction was observed at 10cm in 6
Explosives Impact machine trials Pass
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TEST SERIES 3 - RESULTS

Test

What is Measured

Failure Results if

UN Series 3 (a)(i)
Bureau of
Explosives Impact
machine test

UN Series 3 (b)(i)
BAM friction
sensitivity test

Sensitiveness to impact (3.63 kg at 10 cm)

Sensitiveness to friction (including impacted
friction)

A flame or audible report is observed in at

least 5 out of 10 trials J

The lowest load at which one “explosion”
occurs in six trials is less than 80N

©2020 Vertex Pharmaceuticals Incorporated

CONFIDENTIAL global.vrtx.com 48



TEST SERIES 3 - RESULTS

Test What is Measured Failure Results if
UN Series 3 (a)(i) Sensitiveness to impact (3.63 kg at 10 cm) A flame or audible report is observed in at
Bureau of

Explosives Impact
machine test

UN Series 3 (b)(i) Sensitiveness to friction (including impacted

BAM friction friction)
sensitivity test

least 5 out of 10 trials J

The lowest load at which one “explosion”

occurs in six trials is less than 80N

UN Series 3 (b)(i) BAM
friction sensitivity test

No reaction was observed at 8O Nin 6
trials.

Pass
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TEST SERIES 3 - RESULTS

Test What is Measured Failure Results if
UN Series 3 (a)(i) Sensitiveness to impact (3.63 kg at 10 cm) A flame or audible report is observed in at
Bureau of

Explosives Impact
machine test

UN Series 3 (b)(i) Sensitiveness to friction (including impacted

BAM friction friction)
sensitivity test

least 5 out of 10 trials J

The lowest load at which one “explosion”

occurs in six trials is less than 80N

UN Series 3 (b)(i) BAM
friction sensitivity test

No reaction was observed at 8O Nin 6
trials.

Pass
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TEST SERIES 3 - RESULTS

Failure Results if

Test What is Measured
UN Series 3 (a)(i) Sensitiveness to impact (3.63 kg at 10 cm)
Bureau of

Explosives Impact
machine test

UN Series 3 (b)(i) Sensitiveness to friction (including impacted
BAM friction friction)

sensitivity test

UN Series 3 (c)(i) Thermal stability of a substance

Thermal stability

testat 75°C

A flame or audible report is observed in at

least 5 out of 10 trials J

The lowest load at which one “explosion”
occurs in six trials is less than 80N

An ignition or explosion occurs in 48 hours
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TEST SERIES 3 — THERMAL STABILITY AT 75 °C

Ve smsterticals
™ T

Thuma! 9‘\‘.'9 Test

752 b Y84
5'0,»*
Por .
B - VASon FORD
Jori7lote

FSiE-oyt

Photo 2: Thermal Stability Test Setup @SMS
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TEST SERIES 3 — THERMAL STABILITY AT 75 °C

FSKE-6048 TS Test

100
20

BT et st e e ittt st

70

60 ,

50

40

30
20

Temperature (°C)

0 25 50
Time (hr)

Figure 1: Temperature Plot for the Thermal Stability Test

Wanvms

©2020 Vertex Pharmaceuticals Incorporated CONFIDENTIAL global.vrtx.com 53



TEST SERIES 3 — THERMAL STABILITY AT 75 °C

FSKE-6048 TS Test
100
_ 90
R
@
= 70 ,
g 60
é. 50
K 40
30
20
0 25 50
Time (hr)
Figure 1: Temperature Plot for the Thermal Stability Test
UN Series 3 (c)(i) No fuming, decomposition, ignition or Pass
Thermal stability test at explosion occurred. No physical changes (thermally stable) —
75°C (un-instrumented) to the 50-gram sample. Y &gMé
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TEST SERIES 3 - RESULTS

Failure Results if

Test What is Measured
UN Series 3 (a)(i) Sensitiveness to impact (3.63 kg at 10 cm)
Bureau of

Explosives Impact
machine test

UN Series 3 (b)(i) Sensitiveness to friction (including impacted
BAM friction friction)

sensitivity test

UN Series 3 (c)(i) Thermal stability of a substance

Thermal stability

testat 75°C

UN Series 3 (d) Response of a substance to fire

Small-scale burning

A flame or audible report is observed in at

least 5 out of 10 trials J

The lowest load at which one “explosion”
occurs in six trials is less than 80N

An ignition or explosion occurs in 48 hours

v

The substance explodes
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TEST SERIES 3 — SMALL-SCALE BURNING TEST

Wanvms

Photo 3: Small-scale Burning Test Setup
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Photo 4: Small-scale Burning Test Results (Trial 1)

UN Series 3 (d)
Small-scale burning

Two trials of 100-gram samples ignited
and burned. The burn time was
approximately 25 seconds for each trial.

No explosion was observed

Pass
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TEST SERIES 3 - RESULTS

Test What is Measured Failure Results if
UN Series 3 (a)(i) Sensitiveness to impact (3.63 kg at 10 cm) A flame or audible report is observed in at
Bureau of least 5 out of 10 trials

Explosives Impact
machine test

UN Series 3 (b)(i) Sensitiveness to friction (including impacted
BAM friction friction)

sensitivity test

UN Series 3 (c)(i) Thermal stability of a substance

Thermal stability

testat 75°C

UN Series 3 (d) Response of a substance to fire

Small-scale burning

{

The lowest load at which one “explosion”
occurs in six trials is less than 80N

<

An ignition or explosion occurs in 48 hours

The substance explodes

A\
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CONCLUSION AND RECOMMENDATIONS

* Behavior of the TMZ material is consistent with a recommendation into Division 1.1 based on the tests
conducted thus far

* The substance passedthe UN Series 3 tests and is NOT considered too dangerous for transport inthe formin
which it was tested

* Alesserhazarddivision is still possible at the completion of UN Series 6 testing as mentioned in the
introduction
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CLASSIFYING EXPLOSIVE SUBSTANCES

New Substance

Is the substance
manufactured with

the intent to produce
a practical explosive
or pyrotechnic
effect?

* UN Gap Test (Zero Gap)

Test Sries 1 + Koenen Test

* Time/Pressure Test

Is it an explosive "
e Test Series 2 —_—

+ UN Gap Test (50mm Gap)

substance?

* Koenen Test

l No * Time/Pressure Test

Substance to be

considered for Class 1

No

Is the substance
too insensitive

for inclusion into
Class 1?

Yes

1
v

mmmg  TestSeries3 |
]

Test Series 4

|
1
v
|
1
v

l

Excluded
from Class 1

Class 1 and
Division
Assigned

Not Class 1 Explosive &
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Test Series 5

Used to assign a substance

Test Series 6 to Division1.1,1.2,1.3,

or 1.4. Can also exclude
from Class 1.
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AUTOCATALYSIS
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AUTOCATALYSIS EXPERIMENTS

Aexo
Wg#-1 ] .
] Experiment Comments:
] , 05.05.2021 16:00:03, METTLER
3.5 | 180C Isotherm
1 I
1 I
] [
307 i
1 |
] [
2.5 I
] ‘\ |
] |
| \I | Experiment Comments:
2.0 [ 05.05.2021 15:59:48, METTLER
] || 175C Isotherm
: ‘I‘ l‘ N\
1.5 [
] | |
4 | |
] / I\ | Experiment Comments:
1.0 / | \ 05.05.2021 16:00:15, METTLER
] / \ 170C Isotherm i
] Experiment Comments:
1 05.05.2021 16:00:30, METTLER
0.57 165C Isotherm
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Lab: METTLER



AUTOCATALYSIS EXPERIMENTS

Aexo
Wg*-1 .
] Experiment Comments:
] . 05.05.2021 16:00:03, METTLER
3.5 | 180C Isotherm
] I
B I
1 [
307 i
: A Rate increases with conversion
2.5 I
] ‘\ |
] |
| \I | Experiment Comments:
2.0 [ 05.05.2021 15:59:48, METTLER
] || 175C Isotherm
] ‘I‘ l‘ a
1.5 [
] | |
| | |
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AUTOCATALYSIS EXPERIMENTS

Wg*-1
]l Experiment Comments:
807  22.04.2021 11:23:41, METTLER Integral 6368.75 mJ
Held at 165C for 80 minutes, cooled to 100C and ramped to 300C normalized 1154_'49 Jg*1
{1 Experiment Comments: Onset 185.37 °C
701 22.04.2021 11:24:19, METTLER Peak 185.67 °C
iy Held at 165C for 40 minutes, cooled to 100C and ramped to 300CF Left Limit 169.08 °C
60| Experiment Comments: RightLimit  210.75°C
’ 22.04.2021 11:24:36, METTLER Integral 7065.17 mJ
] Ramped to 300C normalized 1324.43 Jg*-1
50- Onset 190.41 °C
] Peak 190.75°C
y Left Limit 170.29 °C
40- Right Limit  211.92 °C
. Integral 7966.87 mJ
] normalized 1381.34 Jg*-1
30+ Onset 195.45°C
- Peak 195.61 °C
] Left Limit 176.40 °C
20+ Right Limit  211.26 °C
A
1 \
10 | Iy
i ‘H“W’ I—
o beop > »-r.rrvmmmmﬂmm”] LT 19
168 170 172 174 176 178 180 182 184 186 188 190 192 194 196 198 200 202 204 206 208 210 212 214 °C
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AUTOCATALYSIS EXPERIMENTS

Wg*-1

]l Experiment Comments:

801  22.04.2021 11:23:41, METTLER Integral 6368.75 mJ
Held at 165C for 80 minutes, cooled to 100C and ramped to 300C normalized 1154.49 Jg*-1

70 Experiment Comments: Onset 185.37 °C

1 22.04.2021 11:24:19, METTLER Peak 185.67 °C

iy Held at 165C for 40 minutes, cooled to 100C and ramped to 3OOCF Left Limit 169.08 °C
601 Experiment Comments: Right Limit 210.75°C

] 22.04.2021 11:24:36, METTLER Integral 7065.17 mJ

] Ramped to 300C ¢ normalized 1324.43 Jg*-1
50- ‘ Onset 190.41 °C

] | Peak 190.75°C

1 1 Left Limit 170.29 °C
40- | Right Limit 211.92°C

] | Integral 7966.87 mJ

] | normalized 1381.34 Jg*-1
30+ \ Onset 195.45°C

i b Peak 195.61 °C

] \ Left Limit 176.40 °C
20+ Right Limit  211.26 °C
104 |

o [ » _.,.r.rr,.,mﬂmumnm]”}" M 11

168 170 172 174 176 178 180 182 184 186 188 190 192 194 196 198 200 202 204 206 208 210 212 214 °C

Additional data required...
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Temozolomide
(TMZ)

CONCLUSIONS

*  Contraryto previous reports, TMZ is not stable up to its melting point

*  DSC testing shows left limit onset of approximately 170 °C with -1,400 J/g of energy released
* TheO.R.E.O.S.tool correctly predicted the risks associated with TMZ

* ARCtestingrevealed onset at 145 °C and an adiabatic temperature rise of >730 °C
 TMZfailed U.N. Test Series 2 but passed Test Series 3

e TMZisconsideredfor Class 1 explosivity designation but may be downgraded with Test Series 6

©2020 Vertex Pharmaceuticals Incorporated CONFIDENTIAL global.vrtx.com 66



ACKNOWLEDGMENTS

L]

LLLS

LS

LLLE
L]

]

Michael Azuma nne
"

Connor Barrett

Shane Stone

MAFAUSKE WsMsS

4
SAFETY MANAGEMENT SERVICES

©2020 Vertex Pharmaceuticals Incorporated CONFIDENTIAL global.vrtx.com



QUESTIONS?

©2020 Vertex Pharmaceuticals Incorporated CONFIDENTIAL



?

QUESTIONS

69

global.vrtx.com

CONFIDENTIAL

02020 Vertex Pharmaceuticals Incorporated



IMPACT TESTING - BAM FALLHAMMER
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TEMOZOLOMIDE (TMZ) — IMPACT TESTING ML N,

)

— Guide Rails Temozolomide
‘ (TMZ)

Holding and
Releasing Device

Drop Weight

Graduated Scale
(em)

Instrument
Control Panel

A Suction Device
Release Button| —

Steel Block
Base

Concrete Block
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TEMOZOLOMIDE (TMZ) — IMPACT TESTING SN Ngy,

)

Temozolomide
(TMZ)

Wooden
Protective Box Suction Device
Sample Test
Cell 5
Locating Plate
Anvil
Steel Block
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TEMOZOLOMIDE (TMZ) — IMPACT TESTING
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TEMOZOLOMIDE (TMZ) — IMPACT TESTING
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TEMOZOLOMIDE (TMZ) — IMPACT TESTING
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Before

After 60J Impact
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TEMOZOLOMIDE (TMZ) — IMPACT TESTING SN Ngy,

)

Temozolomide
(TMZ)

Possible Results
(increasing severity)

No Reaction
Decomposition
Smoke
Audible Report

Flame
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TEMOZOLOMIDE (TMZ) — IMPACT TESTING SN Ngy,

)

Temozolomide
(TMZ)

_ No Reaction
Possible Results
(increasing severity) Decompor
Smoke

No Reaction
Decomposition
Smoke
Audible Report
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