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1) Process Chemistry generally refers to the design and development of synthetic
routes for the chemicals, in particular pharmaceutical relavant molecules, which
ultimately be applocable to manufacturing on commercial scale.

Providing material to enable clinical development and

Accumdating process chemistry knowledge set the general framework upon which
process chemists balance and prioritize their researches.

Clinical trials 5 - 8 yrs 1yr

4) Latest topic
ICH Q3C (2011),

v’ Establishment of regulation about qualities Q3D (2014),
M7 (2014)

- Most important: quality control

v’ Accelaration FDA, Drug approvals

Fast track unmet medical needs

Breakthrough therapy a serious condition/substantial improvementin
preliminary clinical trial

Priority Review a significantadvance in medical care

Accelerated Approval drug for a serious or life-threateningillness that

preclini
cal

FDA

review

Discovery Launch

3-4yrs

Drug Discovery Drug Development . offers a benefit over current treatments.
Medicinal Chemist Process Chemist
-> Shorten time from clinical trial to market.
2
. 54 .Vaccme
2) Strategies for Early and Late Stage Drug Development v Diversity o 3 - ,
Early stage Late stage o I I o mclcuor iy
Blockbuster to unmet g M ooa
<40-60 ke >100 kg medical needs (small g4 LR
. . < 7
Technology development Speed Cost, throughput quantity, large variety). E 30
5]
High quality=> Biotech £ ©
=z

3) SELECT Criteria for Process Assessment

5,008
NS
PP

DR PR DD P DPDE AR DN
DD 0D DD LD LV OO DT O] R™
PP P P P PP PR P o

criteria subcriteria Year  Nature Bio. 2016, 34, 457.
aNew molecular entity (NME) class includes mainly small-molecule drugs, but also steroid,
Safety process Safety (explosions or exotherms) synthetic peptide, and mixed compounds, excluding non-NME and new formulation. PPartial
year to March 31. Source: US Food and Drug Administration (FDA) (http://www.fda.gov/).
exposure to substances harmful to health
Environmental  volume of wasted natural resources —> Process chemistry need to make big change.
substances harmful to the environment
Legal infringement of intellectual property rights 5) Agenda of this meeting 6) Topics not coverd
regulations that control use of reagents and intermediates v' Basic knowledge in detail
Economics meeting cost of goods target for future market v Considerations v’ PAT/Kinetics
investment costs to support development quantities v Safety See
Control control of qualities v' Quality management Anderson, Neal G. Practical Process Research &
control of chemistry and physical v' Speed up strategy Development, Richer 2004, 2006, DeMartino
Throughput time scale of manufacture in available v’ manufacturing of high 2006, Ishihara 2011
availability of raw materials molecular comp. v DOE (design of exp.), Design space

Chem. Rev. 2006, 107, 3004 v Polymorph, GMP
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1. Practical Considerations for Process Research

Convergent/linear route

A— B —» C » D » E > F > G H

A— B—> C—> D } Convergent benefit
H °

Yield (90% each) linear 48%, Conv. 66%

E— F — G

* Save the cost/shorten the lead time

Choise the reagents/solvent

* Consider the following things: toxicity, side reactivity, expense, availability,
consistency between lots, stability, robustness, work-up/quench issues,

specialized equipment, solubility.

* Solvents avoided:

Sanofisolvent selection

pentane, Et,0 (low fp),
CHCl;, CCl,, (non environmentally

tppm)
40 | DEBVISK

King | ICH limit | Oce, beallh | Safet

SHE3

Salverts Cuide APROTIC POLAR SOLVENTS: OVERVIEW

Notlisied | OEBVA

friendly),

SHE3

DCE, PhH, dioxane (carcinogenic), R R
MeNO, (high docomposition energy) SO

EBVZ

OEBV3

Reaction

EHE3

OPRD 2013, 17, 1517.

* To remove oxygen: sparge with N..
* Acceptable temperature range: —40 to 120°C.

Workup

* Avoid using solid dessicants, azeotrope instead.
¢ Concentration to dryness is rarely performed, normally

Fire Triangle

Oxygen
0z

solvents are change concentration/add solvent repeatedly. (s
Purification
A. Mock Medicinal and Process Chemistry scale-up.
* Determine the required medicinal TsN Ph '
chemistry
number and amounts of o approach o=
. HATU fite Il
washes, extractions, etc. on BN e/ oomaoaany RN
* Avoid column TsN 46
(1.4 grams) PhaZn HCl aq toluene
chromatography. process : :
. . . chemistry
* Consider using activated o approach e g
H,0---
carbon plugs to remove =
13 < I I‘ [ I( [
polar impurities. 996\1,::)"?}?,, crystallization ' wash ; wash I
el PrOH NaOH aq

(Richer 2006, excerpt)

JACS 2016, 138, 11132.
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2. Safety Significant exotherm Reactor Heat 30 W/L
2-1 Scale effect Tr-Tj (°C)
. - . 100-250 mL round-bottom flask 2
* Reactionsrequiring anything 1 Liler jackeled vesse -
"rapid" are difficult to perform. 250 Liter 16
* Be aware of potential mixing/ 1000 Liter 2
reaction/quench exotherms. 6300 Lifer 44

* May require slower additions,
or reflux to absorb the
exotherm.

Process Safety and Hazard Assessment - Mettler Toledo

2-2 Highly Exothermic Reaction (Braise Reaction. Merck OPRD 2013, 17, 1611.)

o Zn, TMSCI o o
R CN THF, reflux
~ + Br —_— R
OEt aq. H,S0, OEt

If bromoester is addsd rapidly, this reaction can be easily reproduced, but
Adiabatic AT (ATad) up to 200°C (delayed and autocatalytic initiation)

For prevent an overly vigorous delayed initiation:

3% of the acetate 7% of the acetate 30% of the acetate

b

Do not add more acetate until )
confirming the desired reaction | FOr deployment at manufacturing scale,

started. investigate use of online instrumentation
to monitor the reaction. (PAT)

LA, Checkrxn. |——>

A = »

Check rxn.

A\ 4

»| Checkrxn.

JACS. 2016, 738 2174.

2-3 Exothermic

e o Dsc Differential scanning calorimet 30008°
decomposition 2 ining ry 00ec
> . oo \
€ B
3 This case: >800 J/g b
Need to Safety
assessment
183.01°C
J'\ = T ymeasc
241709
0 %0 100 150 200 250 300 350
Bty Temperature (°C) Universal V4 54 TA Instruments
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» Safety assessment

Running

Pracess Afp ! Atpec
— e »la
|
Desi Reaction |
A |
z |
.g I
5 |
o |
E |
= :
MTSR ~
|
ATad,R |
o ; * 1
My (Cooling Failure)
I
I
I

Stoessel Diagram

\d
.

>
Temperature

ATad, Dec

=

[ ]

MAT/MTSR| |MATMTSR
o

|MkaMTSR| [MﬁT."MTSR|| MTT |
|Tp||TP||Tp||Tp||TD|
.
>
> 1 2 3 4 5

Figure 2. Runaway graph

For decreasing criticality

* Run the reaction more
dilute to decrease MTSR.

¢ Solvent change (change the
MTT)

* Charge the reagentsin

Time

Criticality Class

I Tpo4 - Temparature of which TMR is 24 hours
[0 WTT - Maximum Technical Temperature

[ MATAMTSR - Maximal Atiainable Temperature
or Moximum Temperaiure of Synthesis Reacfion

[] Tp - Process Temperature

e.g.

[ | Decomp temp
[ Reflux temp

Chemical Process Safety Guide
- Mettler Toledo

dosing/several portions (control MTSR)

[0} -
N NR 50 mol% H,SO,
Ho  N=N aq. DMSO
130°C

Decomp onset 160°C

/N\NR
< ’l!l + CO,
NZ

[ ] Rxn T+ ATad,R
[ ] Rxntemp

-> Develop alternative chemistry.
Merck, OPRD 2013, 17, 1611.

Iron Negishi Coupling with RAEs ( JACS 2016, 138, 11132.)
™ Decomp temp ca. 260°C (need for analysis HOAt ester)

[ Reflux temp (THF) 66°C

[ 1 ATad ca 20°C (not precise)

Rxn 0°C
class1 !!

(o]
HATU
o EtN [Fel TSND_Ph
TsN 46 13
"N1.4 grams) PhaZn 61% yield
99 wi% purity

2-5 Oxygen oxidation

Decomp onset
DMF 108°C A22°C
DMACc 65°C A22°C

NBS/DMF OPRD 2014, 18, 354.

o
o BPO

- DMAoroMF Oy / K Toluene 108°C A22°C
-~ N e K \_";j THF 69°C A22°C
(10 wt%) o 4 CH,Cl,, EtOAc, MeCN OK

Not only NBS, but also DBDMH/DMF: onset 99°C A26°C
NaH/DMF (Bretherick's Handbook of Reactive Chemical Hazards)
Onset 50°C, increased up to 75°C
Plant scale: onset 40°C, increased up to 100°C in 10 min.

2-4 Shock Sensitive

A MsCl N A\
N EL,N N NaN, N
—_— e —
BnO N\\\,ou cHel, B0 N\\\,OMs pmF  BnO N\\(Na
Formation of diazidemethane: After the first step,
the CH,Cl, solution was "evaporated away“ with DMF at (3”(34/\§N?Ne

35°C and 20 torr. After the workup of the next step, a
liquid had condensed inside the rotary evaporator, which
exploded when a chemist was trying to take it out.
Caution!! HN, (hydrogen azide) bp 37°C,

explosion occurred at rotovaps/mechanical stirrer.

OPRD 2008, 12, 1285.
Ishihara 2011

Mixtures of oxygen gas and
organic solvents often create

oxygen concentration with <5%
flammable atmosphere.

probability of ignition (vol %)

solvent T (°C) 1 bara 20 bara
H
acetic acid 200 10.3 9.6 N D/\Q
NMP 200 82¥ 72 @N o SN
DMSO 200 39 - ‘
1 mol% 1M, EtOAc

DMSO 100 6.3 - Co(OAc),*4H,0 | 12 hr, 90°C
tert-amyl alcohol 100 9.7° 10.0 20 mol% NHPI ?;ﬁ)g)p/s "Il)z
ethyl acetate 100 9.3 9.8 v
2-MeTHF 100 93 9.1 P
methanol 100 75 69 @m

o F
acetonitrile 100 - 118 2% puscin
toluene 100 10.1 9.8

OPRD 2015, 19, 1537.  Amgen Chem. 5c¢i 2016, ASAP
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Butyl acetate Isobutyl acetate 1-Propanol

tert-Butylmethyl ether Tsopropyl acetate 2-Propanol

Dimethyl sulfoxide Methyl acetate

3-Methyl-1-butanol

Propyl acetate
Ethanol

11/05/2016
. OPRD 2015, 79, 1725; . .
3. Quality of new drug products o Mutagenic These have a potential to directly cause damage
3-1 Impurities in new drug products (ICH Q3A) | s s impurities (ICH M7) to DNA, for example by alkylation or intercalation,
Inorgani anufact. . .
Maximum Reporting Identification Qualification Geaganis Equipment which could lead to mutation.
Daily Dose! | Threshold?® Threshold® Threshold?® / \
< 2g/day 0.05% 0.10% or 1.0 mg per day | 0.15% or 1.0 mg per day G 1:A ti QPRD 2010 14, 946
intake (whichever is |intake (whichever is it Elemental Frecesing roup 1: Aromatic groups :
lower) lower) closwe | Impurities in DS i i I I
N N R N
> 2g/day 0.03% 0.05% 0.05% \ / “R T | == R
]
Solvents ol =N 0'9
. . . . aterial
3-2 Residual Solvents (ICH Q3C) ppm/10 g mass Permitted Daily Exposure: The
maximum acceptable intake of Water N-hydroxyaryls  N-acylated aminoaryls ~ aza-aryl N-oxides aminoaryls and
Class 1 solvents (solvents that should be avoided). elemental impurity in pharmaceutical Groun 2: Alkvl and arvl drouns alkylated aminoaryls
Solvent Coneentration fimil Concern products per day. 1 b= ¥ ?;Hg P ||:"
(ppnt) 1 [} NO (o] NH, R N
2.2 i - 2 Ao AN
Tr— 3 Carcinogen 3-3 Elemental Impurities (ICH Q3D)i OH J\ N( ) o, © T NTOR
Carbon tetrachloride 4 Toxic and environmental Element (‘Iang Oral i..DE- : ©/ B\OH R H R "R R "R R o R
hazard A
, ! aldehydes Nemethylols  Nenitrosamines nitro carbamates hydrazines and
1.2-Dichloroethane 5 Toxic ugfjia\- : HO ,OH y Y compounds ago compounds
1,1-Dichloroethene 8 Toxic gg } 2 ! B‘B X X o H o o
. . 5 i J/ J/ %
1.1,1-Trichloroethane 1500 Environmental hazard —
.1, = 1 0 0—8
i«’;s } ;3 i HaN Hs HA R HA R L]
ClL 2 sol ts Solvents in Table 2 should be himited g
A58 7 sovents bovents Tn e one e e C A 30 : nitrogen and sulfur mustards epoxides aziridines propiolactones/sulfones
Solvent Concentration limit  Solvent Concenlration limit o bt : Group 3: Heteroatomic groups Sy X =hal
: = H, alkyl or aryl; X = halogen;
(ppm) (ppm) V_ ZA 100 ! 0 o EWG = gitlile, rl%‘ritlo: carborgllyl
Acetonitrile 410 Hexane 290 Ni 2A 200 1 OPRD 2015, 79, 150f. ||__|‘ g
Chlorobenzene 360 Methanol 3000 T B R : Ames test: Positiu /\ EWG RO”/ “OR 0//,1' ~OR Z B x
Chloroft 60 9-Methoxyeths 5 ! : i
. ore nlm ~ 2-Methoxyethanol 50 Au 2B 100 ! Michael acceptors  alkyl esters of phosphonates haloalkenes  primary halides
Cumene 70 Methylbutyl ketone 50 Pd 2B 100 H and sulfonates
Cyclohexane 3880 Methyleyclohexane 1180 Ir 2B 100 : A . : ; ; ;
. - FVEIOReR Imes test. whether a given chemical can cause mutations in the DNA of the test
1,2-Dichloroethene 1870 N-Methylpyrrolidone? 530 Os 2B 100 : organism g
Dichloromethane 600 i 5 1 . . .
o orometaan Nitromethane 50 Rh 1B 100 i . . The threshold of toxicological
1,2-Dimethoxyethane 100 ridi 4 I Acceptable Intakes for an Individual Impurity
Pyridine 200 Ru 2B 100 H (.I_I.C) h hich
NN-Dimethylacetamide 1090 i 160 Se B 150 | [ Durationof | <1 | 5112 | 5110 | >10vears concern approach, whic
N.N-Dimethylformamide 880 Tetrahydrofuran? 720 Ag 2B 150 : treatment month | months years to lifetime states that the risk is negllglble
14-Dioxane 380 Tetralin 100 Pi 2B 100 I [ Daily intake ) ] - if the Ml (or potentially Ml
2.Ethoxyethanol 160 g . ! ; 120 20 10 L5
! Toluene 890 Li 3 330 i [ug/day] based on structural alerts
Ethyleneglycol 620 1,1.2-Trichlorcethene 80 MIBK = 3 1200 H
Formamide 220 Xylene® ar7o 4590 |20 3 L300 i Risk assessm alone) is less than 1.5 pg/day.
1]
Class 3 solvents residual solvents of 50 mg per day or less T Mo 3 3000 i Stress nrstratengS fa
Acetic acid Ethyl acetate Methylethyl ketone Cu 3 3000 : TES“HQ SAR mu ta Enic d gl’aﬂ
Acetone Ethyl ether Methylisobutyl ketone Sn 3 6000 ! Analysis ation nruuuct
Anisole Ethyl formate 2-Methyl-1-propanol Cr 3 11000 : Acce rated Control =
1-Butanol Formic acid Pentane : Eta Pathway active strateq
: . y
2. Butanol Heptane L Pentanol We need to control their ! Ames
i
1
1
1
1
1
1
1

impurities amounts.

We need to consider solvent
in final several steps.

OPRD 2015, 79, 1447,

test

(Quantitative) Structure Activity
Relationship:

COMPULELTONGT evalluationalm /on4/n
silico models
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3-5 Control impurities (example) Pfizer OPRD 2014, 18, 45.

Merck OPRD 2015, 19, 1531.

EDC Coupling s slow (semi-batch) addition of -
\

N—, HCl keto-lactone 2 over
/ EDC.

i ==y G Methylation 4 h to a slurry of aldehyde 3 and
1. HOBY, — v

Hantzsch ester (HEH) 12
provided a dose-controlled
reaction (in situ yield >95%).

o MeNH,-HCI, NEt, 1. Mel, K,CO4

OH DMF 2. water precipitation 0, NHM
NHMe B
Br. 2. HCI (4 N) workup Br.
O \ O i O F 86% O \ Q i
0
MsHN 97% MsHN s~|:4 o

(direct crystallization
Acid 1 (direct cry from aq. DMF)
from aq. DMF)

-H0
i Methy! sulfonamide 3 z

Safety, cost,

and sourcing Me
issue ==
Pd b] Carbazule 2 Me { 2
i CszMe BHg*MesN N
Borylation Suzuki Coupling O O J —
THF
) 5 I o
HD_B_ EI'OH O i NHMe MeO  (0.25 mol%) ! £5.80%
HO OH chPF‘:@| K3PO, (3 equiv) F
(15eq) (0.5 mol%) Ms\ O O AT EtO,C CO,E
Hunig's base (3 eq.) Lc i E Me H
Me” "N
;yJOPJO.Z: m‘f:?, c Arylboromc acid 6 99% yield MK-8876 1. THF/carbon MK-8876 A
eOH, reflux /—0 (crude) (pure) 12
25h N 2. water pyrone (2)
P 7 N P AcOH
i ure Step Bis-adduct (6) +
N - Recrystallization

F
Hemiaminal ether §

E(OQCﬁCOgE(
Treatment of Heptatitis CYirus e N e

Hemiaminal Eth DMAc, 110 °C i
e"gz:',‘,:';?ion it 8% 2. Water precipitation 300 /”g/day (’ 72 /ﬂOﬂth,!_ ______________________ T T T o B T B B B o o B B T B o o T T T T
3. CH,Cly/hept. rex. 1 H o]
L Y e or ~ cl o~
o N\ TTC20ug/300mg = 67 ppm b A e HN o~ M "\/‘Nph v orer 40" )\0 x " Nentn
i o MG, i N NH
7 All of pMis were controlled 1 + 2 OH B
i ! o 9% 0 TBAB, MeCN L N A
! cl less than 20ppm ! Ao " Natico, ‘%:fx ]
Indole-phenol 4 : " % o o 95 % N o
! c
——————————————————————— - ———— - - ME)N\’)LN’,\ o
GSK OPRD 2010, 14, 1254. Thermal decomp o N
a 1
HN )k 1. K-Phthalimide )\ D)\Nw“”e 2 /L \/\NHR
BocNH K .
TYTOH oo YoH | wscieN B oy | o asec EtOAc, TBAB, 36 °C NHNHHO 0 oH
. i —_ . H - + — = 15 Teme s OH N 2 Me THF " Me. N\)LOH col MEZN\)LN’\
EtOAc EtOAc 2. 0.15M NaOH,,,, ar o M e O
0 78% Conc HCl ke C T »
12 . o1% ” H )Lo ¢ Methanol, 60 °C o __j GSK923205A
h{—/ _ 9 % 4 R = C(O)CH,NMe,
\ W Thermal decomp 5
i 33 i £ 0 SN
i ; i N N
Alternative route @/ G H N‘\/\'N J\ /L Df \/\N e /L I;)L ‘../\-
H?N\/\OH -

1. Distillation o

BocNH =

Y Boc,0 "o (- LBUOH) B"“””\/“ 1 ¢ OH <_ 7

s B — i —_— 5 Nemr N

@ Toluene 2. DIAD, PPh,, Conc HCly ‘} (/ 2 y (T a .
Pnhthalimide Methanol, 60 °C -

= NHMe
12 13 B8 % ovar 15 Unexpected - HO'LK’
three steps impurity Sarcosine

5
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4. Shorten time from clinical trial to market. R > Principal Component Analysis (PCA)
Pivotal phase 2 guiatory filing 7
Ex) initiated (MCL) (MCL & CLL/SLL) 6 ®
kth hth Phase 1 Breakthrough
Breakthrough therapy initiated therapy Pd C-N Coupling
tatus (MC FDA 4 (Table 3, entry 6) . .
imbruvica & 5= us (MCL) approval (MCL) 0 + Che‘mc‘)mformancs
5 - Statistically approach
Breakthrough A
Prase 1 Phuatal phase 2 therapy status @ i + Comprehensive study
intial niti Regulatory filing FDA 0 T
| | g1 0 e -
Phase 1 Pivotal phase 2 Regulatory *
initiated initiated filing FDA
i S S | <+ 2
KryprOI IS& -~ g approva Chemistry space evaluated in Informer
| | 1 | 1 1 | | | | Ubrary Couplings: )
2005 2006 2007 2008 2009 2010 2011 2012 2013 -5 i B o
Year Nature Bio. 2014, 32, 121. pC1 ~ C-N Coupling Informer Evaluation
Figure 2 Time to market for agents with breakthrough drug designation compared with a recently s N 4 = N : .
approved agent (Kryprolis) without breakthrough status designation. Kryprolis is included for Structure vs Reaction
comparison as it was approved at approximately the same time through the accelerated approval Merck Chem Sci. 2016, 7, 2604.

2

designation for a cancer indication (multiple myeloma). SLL, small lymphocytic leukemia. (Source;
Kanter Health)

| Early Process Research _

| Engineering |

o
1)

Solvent
Murray, P. OBC. 2016, 14, 2373.

Timeline

4-2 Strategy: Shortening of facility design/built
> Process design that adapted to the facility

4-1 Strategy: Acceleration of research

. . . > i
> High-throughput Experimentation (HTE) Continuousflow Jamison, T with Novartis Science 2016, 352, 61

AL YR ° el .

+ no need to scale up

]

Filter-dryer_

Conversion

Initial Synthesis Route Scouting After Screening
1-8x9-20 25 mg scale 0.02 mg/reaction 1-8x9-20, 25 mg scale
L d CO Me 1.7 S
.)“:o N . ‘52:;%4120 OH 0 v\ Eq"l"”"c!eifh., 27 o, &
Me” NN 4 equiv29 O AAN NH (10) Phile
e "\/@m DMSO, 1t *\;‘?‘; ﬁr
OH O 0.24M,2h Me Me
6 ¥ :;. ® HPLC ..
ncmux‘“‘*"" Ve O Scale* ... Yield
10 3 \N/ N ; .
Yt ol + Comprehensive study 0.02mg >95% N/A
Bt MsO \é,"su A A A A
2R ® + Optimization using small 25 mg >05% 79%
ey amount of starting material
. 42 'BuXPhos Pd G3 1.0g >95% 76%
Merck Science 2015, 347, 49.
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5.Diversity (see peptide: Marins 2016, nucleotide: O'Hara 2012, Gianatassio 2013,
ADC: Sella 2014 )
small molecul Peptides,— - Antibodies
mall molecules / conjugat Oligonucleoti JADC

oS #©
Lt.) an
{3 ™ A
Molecular size <1kDa 1to3 kDa 150 kDa
Route of Oral Oral or Injectable Injectable

Administration

High potency & selectivity
Against PPl target

Do not bind to
most PPl targets

Expensive & inconvenient

Features to administer

http://Ippt.epfl.ch/page-51483-en.html https://www.sec.gov/Archives/edgar/data/1377121/000119312516665762/d144462ds1a.htm#toc

Manufacturing difficulties

1. Preparative chromatography

2. Oligonucleotide solid-phase synthesis (excess of the expensive monomers,
loading amount, highly mass-intensive)

3. ADC heterogeneous ADCs: non-selective DAR (drug/antibody ratio)

5-1 Modified Peptide (Astellas, OPRD 2014, 18, 725)

OH ¢
OH
r H
C.Hy, WH R et
anO(C o
2 HNTO
NH OH
o © HO 3 e
oy T
BnBr (4eq) % 2M HCI/MeOH
DMF, aq LiOH OH Cmcm precipitation
HO 0SO,Na tBuMe,SiH HO OSO,Na BnO’ 0SO,Na
(5eq)
3 ITEA 1" 12
then Radiolite
DIAION HP20SS
precipitation
OH OH
[e] S0
OH OH OH
WN TCH QJ‘u [ R cuHs A 0 on
HO. HO, o] [ 10 N CisHy,
H2N —— = HN HNO 1
ohOH 0 0"l 0 Ao
Mel (1.5 eq) y e EDC (ex) N= ‘I)W
% aq LiOH 4 }\CJ py/NMP
OHO . precipitation OHO then SEPABEADS, },_C]
OH precipitation OHO L
BnO" OH BnO® OMe OH
14 BnO OMe

13
15

11/05/2016
OH OH
M OH AR _OHH
N N
N CyHy, N CysH
o DHHL« 5 BIOHHNE Mo
0 0 HO OH
w0 o OH - HN O " o:/lq‘j‘o” P o
—_— Pl SN N HO
Sponge Ni/H, -C,HQS‘U,OH PdH, bHc'ﬁ_J,OH pic-BH;
MeOH
EtOH X
BnO" OMe HO  OMe ipitati
IR precipitation
16 precipitaiton 17
oH g . . o on o 2HCI
CH ~ ¢
! e N s O~
N ON NH? o o Db QAN'\CQ{O%NH oy
fr@ﬁ oo
10 o
NH HN
§ o HO Hco}_H 5 NHH Oﬁ)\icH
acylase 2M HCI/MeOH HO SN
then SP207SS TFA 'ouo)“ilDH
SEPABEADS SP700
precipitation HO OMe tBUNHz.BH3 HO O
then 4
DIAION HP20SS ASP9726 (1)
precipitation
HO -
5-2 Oligonucleotide }iﬂ DMTOL oy
N o]
SR p\
Liquid-phase S O g 000
. . . o
oligonucleotide synthesis jj_ﬂ . + \f \|/
o Coupling
o Hydrolysis
Oxidation
. Extractive Work-up
1) extraction (van der Marel, 8
DMTrO. Activator, [O]-byproducts, iPrNH,
OPRD 2006, 10, 1238) Removed by Exmscﬁonsz
a /01'—7 DMTTO. . -
7 \0
CEO N
ced OH
Sy S
Detritylation
HO. g Extractive Work-up
Q OMe
0\\
CEO o
grd Q\\ ) OMe
o -
n+1 “OH O
s ced
5 W Ga-e 7 OMe

Removed by Extractions

8 [BFej=APrGBuCEeT

T (n=3)

9: [BF9|=ABETPOMGIBUC BRTPOMTROM (1)

Complete deblocking 10: 5- "OAGCTTgy -3'  (DNA)

11: 8- FOATGCTT g3 (DNA)
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s B
2) Precipitation B, hia A \\\/\n‘o“n’\/// WO e
(Eur. JOC 2013, Br ‘i"‘j v o
o
6687) : ox oar 5
, Py ;
R-CgH5-CHO, KOH, [ SR =H o o
l TBAI DMF 120°C = IR pavimoue 0% s .
B 50 i o ~
,Cr " RO Thy o N Oni=9
O ) /,_/ o 0 o
( ¥o - D oy | \ o_;\o . T b
@ \ cuso — — [ O~ L 0=p-0 aaNHs
RTNF » u 45 A\ phosphoramimide 0.0 | S o. oy 17 + AGCCT
X Na-ascorbate N 6eq, DCI, DMF, MeCN r\ I, py, aq THF 2 HCIM O
A N-N = AR eOH-CH,Cl, oN
H,0O-dioxane J\ precipitation ik - ]
2R=CHO 87% \—«\_/ o NN precipitatign o ~/ ‘H,NT_O
& == 3R=CH,OH quant - = N-N N 0=p-0
== 4R=CH.CI o WaN TN 0. Thy
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ii NaBH, MeOH rt 1 a[_ J3R=oum 4 o_0 )0,
iii SOCI, dioxane 70°C 1 o J:
iv NaN3;, DMF N
N-N =
= Wal
3) Membrane separation (GSK, OPRD 2016, 20, 1439) — —
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Pressure | |
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5-3 ADC (lgenica, OPRD 2016, 20, 852)

A type of antibody Lysine Conjugation Heterogeneous ADC

more than 50 lysines WY /4 ‘\
up to 12 cysteine s-s N
-s Lmker attachment ‘5 -s s-s’ Conjugation S-8
Kadcyla s-s HS-R
from0to 10 drug/antibody Y‘} ) ,, . B
SMCC '

(average DAR 3.5) \CU?

Cysteine Conjugation =

Heterogeneous ADC I
R = %~(CH,)sC-VC-MMAE

S
Adcetris s s Partial Reduction _ s - S [Congmben . 1l %5 o I,"J(i
N N
fromOto 8 drug/antibody TCEP HS S“ s s urr (: o A VT :{(
(average DAR 3.6) t Q‘ —R °’(Nio %}?ﬂ Vo on
hE: )E

\
R O ™" NH,

» Homogeneous ADCs via Cysteine Cross-Linking

(Igenica, Mol. Pharm. 2015, 12, 3986) HIC

‘ /F Cross-linked ADG

S-S $-8  Reduction Canjugation (homogeneous)

o]
S-S TCEP Br. —

K:N -R P N Conventional ADC

A Br 0 } \ f \ (heterogeneous)

/
A 2@ 4N/Lf\__

i
R = $~CH,)sCMMAF

] 8
Native trastuzumab
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mutagen a high number of
revertants (his- to his+)
suggests the mutagen
rat liver causes mutations
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- - - = —_____‘_ -
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_g‘“\\\ media with
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(natural revertants)
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Protocols in Nucleic Acid Chemistry

General structure for solid-supports

A B
DMNA:1a H T, CBe aBz gl
RMA:1b OPg U, ' aB gidu

Genaral structure for
oligonuclectide 7
(fully protected)
on solid-support

R=0Pg R =DMT, X =00rS

0 “
l\éﬁa a R

. I
N \O/\/
General structure for dimer 4

/[\ coupling product

General structure
for amidites 3

—o,

axidation
DT~ (step 3) capping
k o s E] (step 4)
repeat i ]
steps 1o 4 ey
-~ ? R At
o
NC—~™p—p=x
| N
o}
k 0 B D¢ ”H
i ,u' |
o NC._~™g—p=x
a B

|
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(o] R
| tokor |
.
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General structurs for dimer 5
axidation product: X =0or 8

General structure for capped
oligonuclectide 6: X = Oor §

DMT-on
crude oligonucleotide 7

delritylation
(step 1)

Current
DMT DMT DMT
DMT-.,\D om DMT\_“O ~0 ~o0 ~o0
k. o JB L\ o - k\&pﬂ t o] BFg t Q, BFg t (o] B
c:; detritylation : coupling — Q’ Q’ U
s step 1 N step 2 S N G S
9 R [_p,]_ o %l [I] CI" A ? R ba.s[e |m351mgn| ? R base treatawm (I'J A
slep (step 5B8)
P NC ™G —p=X Og—p=x Og—p=x
m 3) NG~ "0 o] I - o] I R o I
E] @ L\ 0, .B o] 0 0
. DMT- { :.' n t o] “BP‘; n t 0, )BPE n t 0, LB
3 A S
R HO R

cyancathyl deprotactad
crude oligonuclectide 8

o

? R base treatment ? R
1ep 58/
Yo—P=X istep ,’ eo—P=.\<
| |
o] lu]
n t [s] - gPe n t (s} B
o R HO R
m DMT-off daprotactad

DMT-aff crude oligonuclectide 10

¥ = CH,CH,CN

DMT-allicyanoethyl deprotected

eruda aligonucleotids 11
¥=H

crude oligonucleatide 12

base treatmant
(slep 5A)

% IE purification

(step &)

desalting (step 3)
_—

DMT-on deprotected
crude oligonucleolide 9

RP
purification

DMT-on puri

d
oligonuclectide 13

precipitation (step 8)
delritylation (step 7)

DM T-off purified
aligonuclectide 14

QG/analysis (step 10)
Iyaphilization (step 11)

Iyophilized pure
single-strand
oligonucleotide 15

final QC/analysis (step 12)
releasa/packing (step 13)

APl/drug substance
single-strand
oligonuclectide 16




