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Stereospecific ' Enantiomer and Their Resolution 03
drug synthesis :
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“Same Chemical formular” but

“have different chemical structure”

Structural Isomer

H H
H H N 4
H-C=C-C-C-—-H H—C C—H
I I I I
H H H H
1-Butyne 1,3-Butadiene

Stereo Isomer

o) Whatis “Isomer”?

H F H

H-C-C-C-H
[ .
H H H
HHH

H-C-C-C-F
Lo

HH H

Isomers I—

Constitutional

(structural) isomers

Stereoisomers

(spatial isomers)

H H

Diastereomers Enantiomers ] | |

cis/trans isomers

CH, H CH
:/ ’ : /
\ . \
H HLC H
butene trans-2-butena

Rotamers

Encyclopedia 2022, 2
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Br cl o C

Br

CH CH
Conformers 3 3
H CH; H H
H H H H
H CH,
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* Chiral Center
* Mirror image

Pairs of Enantiomeric . No plane of symmetry***
compounds

Enantiomers - mirror images
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A non overlapping of molecules

Chiral Molecule

« At least one tetrahedral atom
bound to four different groups
» Express optical rotation activity

plane-polarized light chiral sample rotated light

Encyclopedia 2022, 2
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Enantiomer VS :
Meso Isomer

“Molecules with at least two chiral carbons that present a plane of
symmetry are not chiral molecules”

i§ I
HO * HO,. *
" OH OH
HO HO. I
OH j]" OH
O O

Non optically active stereoisomer!

Encyclopedia 2022, 2
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Human Body

Chirality represents an intrinsic
property of so-called ‘Structural
blocks of life’ such as amino

: : O_ OH

acids, monosaccharides, j/ N
. . A
peptides, proteins and éH-/
olysccharides. N, O
POty ?]’ Monosaccharides
A 7 deoxyribose
Od_:,.r \0_

DNA structure ‘

Encyclopedia 2022, 2
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between enantiomers

OH
[
Tuberculostatic HH’“&M”HJ/\ Causes blindness

HO :
Hl.':ll"rJ
Ef I
HO
. . HO
Anti-Parkinson OH : OH : :
NH : Serious side effects
HO 2 NH
HO ’
OH OH
: Fungicide
Plant growth , Elm 8
regulator Cl ( N { _f,!N
‘ | \ N
ncyclopedia 2022, 2 N
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Enantiomeric
Drug Market

Due to the difference in the performance of
different enantiomers, the complexity of some
compounds, and the economic-market
importance, it is crucial to efficiently and
economically obtain each compound separately,
either by synthesis or separation.

(R)-thalidomide (S)-thalidomide
Encyclopedia 2022, 2




F HO
S — DH{)
N )—NH, ““\ o
O N HO '|
(/ N\_O
OH O pe
=
Emtricitabine : Infectious G::} =

Formoterol : Respiratory
Disorders

Top seller chiral

drugs worldwide
in 2017

Ibrutinib : Oncology Encyclopedia 2022, 2 Sofosbuvir : Infectious Diseases
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To obtain the pure form of
chiral compounds...

Chiral Route Racemic Route
Stereoseletivity Racemic Synthesis

Racemic Mixture

S SRR e S
Synthesis 1 k

Separation
p—— (S) Enantiomer ”é"‘ (S) Enantiomer
ynthesis _
(a)

Synthesis

Encyclopedia 2022, 2
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Chiral drug synthesis

CHO
| COOMe
N
- COOMe
Ph
1 N)

Asymmetric

conjugate addition .

Amide/ester
reduction

CHO

__COOMe

COOMe
1.

Imine formation,
reduction,
lactamization

Ph

10
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Racemic separation

Gas Supercritical Fluid Liquid
Chromatography Chromatography Chromatography

iy /

mae
J C NN o Encyclopedia 2022, 2
- - \_

'Detector
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Enantio Resolution
Crytallization

Phenomenon of molecular
dynamics based on many
virables such as temperature,
glasss-forming ability of
liquids.

-~ L 4
- | - ] - |
- - - ]
I
| \ ]
| - - - -
rd rd 4
e - -- |
| | ]
"‘_ 27 Iz 2% ]
| | |
| | | | ) \
-~ -~ '
_________
i | -
- - -
-
-
~a.
-
. | /

Conglomerate Cristals (a) Racemic Crystals (b)
(+)E - (+)Enantiomer Crystals : :: (—)E - (—)Enantiomer Crystals

Encyclopedia 2022, 2
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Enantio Resolution:
Membrane

Enantiomer with weaker affinity to the membrane

Enantiomer with stronger affinity to the membrane

Chiral recognition site

works as barriers with chiral
recognition sites that selectively
transport one of the
enantiomers based on affinity
between the enantiomer and
chiral selector

Encyclopedia 2022, 2
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Enantio Resolution:
Chromatography

Racemates
Chromatographic methods have
been the most effective for : A
obtaining enantiomers with very
high purity which could also

applied with small amount
samples for analytical purpose.

Time (min)
Chiral GC _
Encyclopedia 2022, 2
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To obtain the pure form of
chiral compounds...

Chiral Route Racemic Route
Stereoseletivity Racemic Synthesis

Racemic Mixture

S SRR e S
Synthesis 1 k

Separation
p—— (S) Enantiomer ”é"‘ (S) Enantiomer
ynthesis _
(a)

Synthesis

Encyclopedia 2022, 2
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Chiral drug synthesis

(A
— [nbchiene NOVOZYM 435
(RS} COOH (Molecular sieves) Amberlyst AZ1
Flurbspreden 27 pL min’’ : :
10 I
Bh . 40 miin, 83 *C 1} Fturm-.; of
Reaslution w Lnngacy
: nBuOH estoriication  [SFMurziprofen
20 mM 3 equiv,
¥
Amberlyst A1/ COOnBu
{S}-Flul!:inﬂ'rm ’Q)\ ,[;])
5% ACOH __(7 -
in toluene (R
2.) Release of 5 Flurn-pfnhn
(5]-furbiprafien Flurhipmfen
=88% charmical purity =88% chamical punty
H2% ea B0%: ea
(B)
i 50 MM phasphate bulfer
_ (pH &) with 5% OMSO
R, S-Naproxen butyl ester
(R.S)-Napro ! G_.EEE'“ (S)-Mapraxens COOH
CO0OnBu "
- T ~
. ;':'1‘3"; E30min 37°C
Med Biocatalytic ester A
. hydrolysis 30 min: =89% conv., <5% e
5 mM 0.5 w3 B min: 24% conv,, BO% ae

J. Org. Chem. 2020, 85, 4, 2704-2715
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Batch Synthesis VS Flow Synthesis




VS
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Traditional peristaltic pump at 0.5 ml/min
and 8 bar pressure

o
o

o
)

o
w

Flow rate (ml/min) - 5 second average
o o
~ ¥

20 25 30 35
Time (seconds)

V-3 pump at 0.5 ml/min and

8 bar pressure

o
oo

e
~

e
o

...............................

o
u

<
e

Flow rate (ml/min) - 5 second average
(=] (=]
o =

o
—

Time (seconds)

...............................

Pressure (bar)

Flow synthesis

A
Temperature r
Pressure
k 2
NN N
J"—’ O
\ S VA A0
i * i ? \
Soivent A Solvent B Waste C

Reduce the fluctuation of pressure and
temperature in the reaction
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Flow synthesis : Advantages over
batch reaction

Reduce the fluctuation of pressure
and temperature in the reaction

Require less space

Produce a higher reaction yield
Control the pressure and
temperature in the exothermic
reaction

Low back-mixing

No need to isolate the reactive
intermediate
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Flow synthesis : Variation synthesis
scales

Flow principles can be applied to >14 orders of magnitude in scale, from
earliest chemistry to late manufacturing

nano micro meso kilo lab pilot plant manufacturing

ng — ug — mg—|g — kg —— 10 kg —— 100 kg—— multi-ton

,
[ | .

Scale translation?

¢

20 mg (convenience)
to 1000 g / day (“real chemistry”)

- BENE BEEER

Vapourtec R-Series
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Flow synthetic system component:
Variation of reactors

R,
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Flow synthesis : Key Components

b

O— —@m=m— Q -

&

back-pressure . fixed-bed reactor .
regulator (BPR) el L or packed-bed reactor Wbe-in-tube

- 1

tubular reactor microreactor sub-ambient above-ambient photo-irradiated
or chip-reactor temperature zone temperature zone temperature zone zone

easy-MedChem

PR R RN
PR RN

vapourtec

000000
{oooooo} ‘ \ Q/\x

000000

Emction collacion e phase separation polymer-supported in-line apalytical computer control
tank reagent device
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Multistep, In-line Extraction and Solvent
Switching

3.0 mL min’' 0.75 mL min"'
0.15 mL min™’ E
- 10% HBF, in H,0 9:1 hex:CH,Cl, waste
- % i ﬁ R’ILRF g g
% i | & =1
. A 1.0 M in anhyd. THF 0.22 mi min

vapourtec
- @

0.31 mL min™!
MesSi~ ~MgCl
1.8 M in anhyd. THF
([ LEGEND A 0.10 M TMSOTf
. ! Separator
E -pump b - T-piece i org.
-
A aq.

AR
. : - continuous-flow reactor coil v 25°C
\ | I'“l,l' 1

= -

waste
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Flow synthesis : Application in Drug
Synthesis

NO, NC
(:[I i I\>— B;:chn:iald el o |
Synthesis of Olanzapine : oM } ol C( “““ | Pt

Pd,dba,
L Xantphos ACOE‘ SOI )

° Multlste|c.> synthesis of APl in flow E
« Crude mixture was passed through a e
silica cartridge in order to remove Pd

catalyst [HNQ"”"J i -
* Remarkably, the three step Nucioopic  eotz01” I
. . ( N o “ -i---??---- ( - \ Cyclization ‘
» sequence did not require any solvent (O e l Gy et :
i ° N T SISO~ h : -
switch, and the total reactor volume is s | @N}}—% 5
N : THOIPY, | g L & “@ 3
about 8 mL only. S R B Bl A | ok |
y Olanzapine 25 kHz : :~ . _1_‘_0..3 -
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= Flow synthesis : Application in Drug
/1 Synthesis

Synthesis of favipiravir :

» Using diethyl malonate 0O 0 S1Ch, 00 °C o o o o
A6 (T T O O NaNO,, AcOH residence time 7 min )l\'/u\ 28% NH; in water /u\'/[L
» EtO OEt - -
. P & EtOMOEt -10°Ctort, 24 h N' flow reactor o S i, 10 h g .
mater’a’. 89% \OH 96% NHZ 99% NHz
10 1 12 2
. 0 ‘
* Hydrogenation and 45% NaOH MeOH, ACN, 30°C
. . 39% glyoxal N\ NH, resndencetine338ec Br POCl,, pyidine KF. TBAB
bromination steps were > [ \[ \[ I
) . -10°Ctort,4h N/ ONa flow reactor 60 to 100 °C, 6h DMSO, 60 °C, 3h
achieved by employing a 86% - recrystallization in hexane
continuous flow reactor. o2
£ N CN NaOAc, H,0 conc. H,SO4, H,O
\[ \I toluene, DMSO \[ I NaOH solution \[
N/ : 50°C,13h 50°C,4h
quant recrystallization in ethanol
61%
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Flow synthesis : Application in Drug

synihests P N

O O o O
Hz. C-Etﬂl}@t
EtO f OEt »  EtO OEt
N. EtOH NH,
OH
1 12
oack bed reacior | Conversion
8.1 ml Passive BPR Entry Reagent Catalyst Time Temp. (°C) (%)
1“ H, (excess) Pd/C,5% wt 24 h 30 66
Pd/Si 2 H, (1eq.) Pd/Si 7 min 30 86
3 H, (4 eq.) Pd/Si 7 min 30 96
Sk 4 H, (6 eq.)  Pd/Si 7 min 30 97
A C . 5 H, (6 eq.)  Pd/Si 7min 60 100”
6 H, (6 eq.) Pd/Si 14 min 30 94
“In a batch process. ” Isolation yield ~80% or able to use without
further purification.
Nl — *

‘“
| . _
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' Flow synthesis : Application in Drug
T Synthesis

v

photochemical synthesis
artemisinin :

£ R i
photochemical singlet oxygenene reaction . L Tetraphenyl- S METTET Artemisinin
. H:,. 0 porphyr;n !bi\bi masasem, Malan% g;oatment
where the resultant peroxy-ene species then AN o | O— BN
. ~ Hglamp C
undergoes Hock cleavage in the presence of 2Y~ o02MinDoM S T Rbing

trifluoroacetic acid ) 7 ’—0 3 # -

. 2min .25 min
o, '




\\‘CX,\J

Applied Chemical & Instrument Co.,Ltd

Flow synthesis : Application in
Stereospecific Drug Synthesis

LG "RZ

R°Cu
substrate
directed

“Metal complex catalyst”

R°Cu
A
Intramolecular
G_‘ _ o SHE
RO rs ~[Cul]
RE
F{'1 R3 LG

Angew. Chem. Int. Ed. 2012
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Stereoselective VS Stereospecific

Depends on:
. mechanism
. starting materials

° catalyst

m CPBA O O
Reackion 1: S — /ZA “Wo TN Reaction 1 Ph~~ Ph
Epoxidation 2 . d) -
noantiomers ans
compare o 507 507, compare to
T (0P,

o O : :
QQQ,CJ\TLOY\ %y \//\/OH = . + ! QQQC':LOY\ 2 ph\_-/ph
Sharpless (G)DET - , CoH 7 CHon o

Epoxi.d_aﬁon enantiomers
1y 4 98 %

The reaction that can give different two isomers but one of those
is major isomer.
Encyclopedia 2022, 2
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Stereoselective o-
Aminations :

The reaction was tested
under continuous flow
conditions in a packed-
bed column with a pump
feeding the reagents for a
residence time of 21 min.

rlv -
2-:" %
- L5

e -—‘\_”

-,
'+

e ,.
Q’ |
L o

{:-‘S

N —

Flow synthesis : Application in
Stereospecific Drug Synthesis

.

Q132
é»coorst

BuOtOC. -N

N

Toluene sol.

~COO(tBu
133

J

|

EtN,
Toluene sol.

|

——————————————————————————————

Packed-bed
Reactor

Bu'oOC’

.

O

drcooa

N-NH
COOBu!
135

82-99% vyield
92-94% ee

Green Chem. 2015, 17, 3122.
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Continuous flow multistep
synthesis of (S)-rolipram 95 by
using reactors containing solid
supported catalyst and
reagents, without requiring any
intermediate operation

i

Flow synthesis : Application in
Stereospecific Drug Synthesis

Synthesis of (S)-Rolipram

Toluene sol. |

CH3NO,
Toluene sol.)

MeOOC._ COOMe
92
EtsN
Congensalion & ge=ssesRERRemsl = Stereoselective il éé)-o-(; g ;:c;c—>|-2 |
Deliyarktion . NN Michael Addition i 2 :
> : 2 : N02 1
'MeO 91 X0 : :
N ' ' (@RS | |
I i ——> OHEP— | MeO” : .
I y I 0 93 I
SiOpNH, | T Toluoiie o), & PS-(S)-Pybox-CaCl, l g '
CaCl, 0°C l Toluene sol.
w0 TR SRt i
N Hydrolysis &
O Decarboxylation @~ /""" T TTToT oo

100 °C

120 °C

O I T I

(S)-Rolipram

Green Chem. 2015, 17, 3122.
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Chemically synthesized Peptide spectra identified "‘.
peptide library Phage ity by Mass spectrometry ,l |
/|
l|
W My
J o=
P Peptide
! } TR ST ety 1
; ) _ '® smallsize :
. e, “==="1 & High affinity :
‘ \c = \\ H ﬁ '® Easy modification |
- z 1 # Low immunogenicity 1
’ . Multi tide P
”"'Tc-aPRGDZ SPECTICT images : . ke ¢ 1e Low toxicity :
o Tumor cell R T o A
a0, N
v i ] v
c o~ .Dru L I, . i / .‘ .: '.\ ! d
{\/ LY 9 ,,.. . '.:;"' Peptide ; < | 4B
/. SiRNA/MRNA 2, , %
“==7 microRNA 7% R, A
= E ‘ . PD-L1 peptide mimsec
we il
A M, L e

MHC I/ \

nding peplide
>

Enhance the combination of
MHC 1/II molecules Yomaz nells ke

/ u% -
( Nucleus : ) Y

Peptide-Based Nanomaterials for Tumor cell

3 | . . .
‘\CX‘\J Flow synthesis : Therapeutic peptide
Drugs

nascent peptide

noncanonical amino acid

>
>C
=00

mRNA

4
....’.0 modified

peptide

b
L-Trp D-Leu

0 L-Val
/x
HN
. el ¥ ; O 4¢
% :
. D-Vval
. - ~Valﬁ z
? S39 \i- - :

Thiazolidine

Exenatide: '"HGEGTFTSDLSKQMEEEAVRLFIEWLKNGGPSSGAPPPS?®, Lugdunin
structure of sequence according to PDB: 7MLL.

Signal Transduction and Targeted Therapy, 2022, 7:48
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Human Insulin derived Drug

A-Chain

Human insulin

Flow synthesis : Therapeutic peptide
Drugs

A21: Asn

Insulin derived drugs

Seguence Modification

Short-acting
insulin

B28: Lys
Insuln iispro B29: Pro
Insuin aspan B28: Asp
B3: Lys
Insuln glulisine B29: Giu

Long-acting
insulin

Insuln giargine

A21: Gly; addition of two
Arg to the C-terminus of the
B-chain(B31 and B32)

Insuin detemir

B29: Lys linked with
myristic acxd

Insuin degludec

B29: Lys linked with
hexadecanedioic acid

Side chain cross links stabilize a-helix:
Lactam bridge, disulfide, biselectrophilic
linkers, nucleophilic linkers, etc.

Hydrogen bond surrogate (HBS) stabilize a-helix:
Hydrazine linker, alkene linker, etc.

D-Pro-L-Pro
stabilize
B-sheets and B-strands

Head-to-tail

side chain-to-side chain P
cyclization

cyclization

Strategies of peptide cyclization and stabilization

Signal Transduction and Targeted Therapy, 2022, 7:48
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‘\* Flow synthesis : Therapeutic peptide
Drugs

F12 \ e

o TI1 /’/ , D15

A3 S 4 z ‘ .
Y {

H - >
\\\ A\ g ) B
\ " T13\

u():\f\)L
"THAEGTFTSDVSSYLEGQ -\AJ\EFIA\VL\"KGRG”

Sequences and structures of
natural hormones GLP-1and ;
GnRH and their Liraglutide

- - - Glp-1 (7-36) , PDB: 6X18: "THAEGTFTSDVSSYLEGQAAKEFIAWLVKGR?®
p ep ti dom Im et’ c drug S Glp-1 full sequence: 'HDEFERHAEGTFTSDVSSYLEGQAAKEFIAWLVKGRG?

a) Liraglutide is a GLP-1 ° .

derived peptide drug, modified "

on 26th residue (K) of its i 2’\/\/& JL A Py -
natural sequence. n, 8 B @ Y
. . H I 4 H i & Leuprolide
b) Leuprolide and degarelix o:/\/\/lk‘;j J\ J\ ST? L
are modified from the natural 6 \Q Y S s A
sequence of GnRH b, —y §EVett QJ\ 1 (: 2 .
GnRH sequence: Pyr-HWSYGLRPG-NH, T . O Ay 0““2
RSN
o \f”
Degarelix )

Signal Transduction and Targeted Therapy, 2022, 7:48
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Fmoc-AA-OH
Coupling ,
Coupling agent: in
HBTU/HATU/DIC, etc.

Flow synthesis : Solid Phase Peptide
Synthesis

Autosampler —

#Static mixe

<>7 O.tlt:nrpL

10% Piperidine

Pressure
Regulator

L

e Sy

Reactor 2 UV Detector

Reactor 1
Heated
dual core

Variable bed flow
reactor (VBFR)
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f Solid Phase Peptide
Synthesis:

the Fmoc/tBu solid phase
peptide synthesis (SPPS)
has become the standard
method of synthesizing a
range of peptides.

In-line UV detection, resin
swelling and other reaction
data can be directly
monitored via the
Vapourtec R-series
software.

Flow synthesis : Solid Phase Peptide
Synthesis

Repeat cycle to complete desired peptide chain

LIS SN

L H : FmocHN N
10% Piperidine, A N Coupling N
- NN Q) — T N
0

H Deprotection

D)\H/\ﬂ/ 0 NHTrt

O O N-.'.N

TrtHNWLDH DIC, HOBt, A TrtHN\N\D,I':L C
0 NHFmoc Activation 5 NHEmoc
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b Flow synthesis : Solid Phase Peptide
s Synthesis

"~ Solid Phase Peptide
~ Synthesis: Pilot scale

Vapourtec has unveiled its
Peptide-Pilot™, a unique,
‘game changing’ solid phase
peptide synthesizer (SPPS)
that reduces the drug
development cycle time for
significant quantities of target
peptides from weeks to less
than a day when compared to
traditional, room temperature
batch methods.
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Expanding the Tool Kit of Automated Flow
Synthesis: General sequence for Organic
synthesis work-flow

Batch Synthesis

. Solvent
PrepLC/Flash
B— - S |
i % = ActlveS I|tter AO/AI/DO/DI
Flow synthesis || ?{;.r ° | Fraction collector

UV Detector
Passive Splitter SWitChing Valves

- Pump
(UJHPLC L Active Splitter
r etc.

J. Org. Chem. 2021, 86, 20, 14079-14094




\\\CX,\J Expanding the Tool Kit of Automated Flow
Synthesis: General sequence for Natural
product and derivatization

——

sanza) >

(2 - -,

0.00 0.00 0.00 _
\.___“ "

“d a
Lad d

‘ Modification

Product
Confirmation

J. Org. Chem. 2021, 86, 20, 14079-14094



Expanding the Tool Kit of Automated Flow
Synthesis: Development of In-line Flash
Chromatography Purification

Applied Chemical & Instrument Co.,Ltd

SAP® - Atmospheric Solids

Plote Express™ - TLC/CMS 8
Mass Analysis of TLC spots  AyANT ™ Chromatography
Analysis Probe

Systems: (UJHPLC/CMS b

Reaction
Checking

iASAP - Direct Analysis

of Air-Sensitive
Compounds

High performance compact mass spec
designed especially for chemists

Direct Injection
(FIA)
1: ; 7

vAPCI - Volatile APCI for
Gas Analysis

Touch Express™ Open
Port Sampling Interface
(OPSI)

Flow Chemistry Monitoring Purification by Flash,
& Automated, ReaHime, SFC, or PreplC/CMS
Optimization

J. Org. Chem. 2021, 86, 20, 14079-14094
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Compact Mass Spectrometer : Novel
Central System for Organic Synthesis

. % f Plote Express™ - TLC/CMS
ASAP® - Aimospheric Solids Mass Analysis of TIC spols  AyANT™ Chromatography

Analysis Probe Systems: (UJHPLC/CMS

LB l H

-
i
iASAP - Direct Analysis

of Air-Sensitive
Compounds

Direct Injecti
(FIA)

High performance compact mass spec
designed especially for chemists

vAPCI - Volatile APCI for
Gas Analysis

Touch Express™ Open
Port Sampling Interface
(OPSI)

Flow Chemistry Monitoring Purification by Flash,
& Automated, ReaHime, SFC, or PreplC/CMS
Optimization

Green Chem. 2015, 17, 3122.
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Compact Mass Spectrometer : Novel
Central System for Organic Synthesis

To use, simply place the TLC plate into . 7 !
the Plate Express interface and align \ ‘1
the spot of interest beneath the laser »r

indicator. Click “analyze” in the Mass

Express software.

— Inert gas flow —

iIASAP For Results in < 30 Seconds

The inert sampling modification to the ASAP probe
was developed by Professor Ingo Krossing's group
at the Albert-Ludwigs University of Freiburg, based
on the need for a transportation tool for air-sensitive
compounds to the mass spectrometer for more
efficient workflow and fast analysis.

The iASAP probe is designed to provide:

* Mass onalysis without sample
decomposition

* Analysis in < 30 seconds

* Realtime reaction monitoring

* Analysis at the bench, close to
the reaction

* Atmospheric pressure chemical

ionization (APCI)

Designed for Ultimate Ease of Use
The iASAP consists of an extended
ASAP probe protected in an exterior
sheath fitted with o three-way valve
allowing the system to be flushed

with inert gas and then sealed. In

this manner, it is possible to sample a
reaction mixture on the iASAP probe,
seal it in inert gas and then take it to
the mass spectrometer for analysis.

Direct Injection &

FIA Flow Injection Analysis

Simple, direct injection valve offers users the ability to quickly and
easily analyze reaction mixtures by direct injection/flow injection
analysis. Both the APCI and ESI sources can receive samples for
flow injection analysis.

Green Chem. 2015, 17, 3122.
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Compact Mass Spectrometer : Flow
Chemistry Monitoring

Manual Syringe
Injection

12 )

. Touch Express™
. @ Open Port Sampling
Interface (OPSI) One-
Selection/Dilution touch sampling

Valve

Flash System Eluent
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oF

Combined flash chromatography, : i\
TLC, (U)HPLC and manual injection
interface. No re-plumbing necessary. \

ASAP & IASAP probes
for liquids, solids &

air-sensitive samples

Touch Express™
« @ Open Port Sampling
Interface (OPSI) One-

touch sampling

L Flash System Eluent

Isocratic Pump or HPLC

Plate Express

Direct MS analysis

/'-.\._:
;
I | of TLC spots
" Mobile Phase l '

4 . |

Green Chem. 2015, 17, 3122.
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Combined flash chromatography, .
TLC, (U)HPLC and manual injection
interface. No re-plumbing necessary. \

ASAP & IASAP probes

for liquids, solids &
air-sensitive samples

| Touch Express™
Open Port Sampling
Interface (OPSI) One-

touch sampling

Flash System Eluent

\
Isocratic Pump or HPLC

\

e).press

e ree SR

,!"

Plate Express

Direct MS analysis [N E C
'

'i - of TLC spots
| Mobile Phase ‘ -

-
-
- -
- -

A Complete Benchtop Solution

The expression CMS with the Plate Express TLC plate reader,
customizable (U)HPLC, the ASAP and iASAP probes for liquids, solids and
even inert compounds, the Touch Express Open Port Sampling Interface
(OPSI) plus a direct injection interface - all at the bench.

These techniques include:

- Plate Express® TLC Plate Reader

- Atmospheric Solids Analysis Probe (ASAP?)

- InertAtmospheric Solids Analysis Probe (IASAP)
- Touch Express™ Open Port Sampling Inteface
(OPSI)

- Volatile APCI (vAPCI)

- AVANT™ Modular (U)HPLC

- Direct Injection/Flow Injection Analysis (FIA)

The CMS also directly interfaces with:

- Flow Chemistry

- Flash Chromatography

- Preparative Liquid Chromatography (Prep-LC)
- Supercritical Fluids Chromatography (SFC)
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sl

= Up to >99% purity (LC-MS).
Up to 9.9 mmol/h productivity with
concurrent isolation of by-product at
7.7 mmol/h.

.........

000000000
000000000

Automated
Fraction
\ Collection

c0000000@0
000000000
t00000©0000

I This Work: Continuous Flash Column Chromatography SRR e B

0« 4 Feed %
. Continuous Flow In-Line In-Line Flash ',,I '
Synthesis Extractions Chromatography ! Sample Sample :
. - Loop A Loop B '
. : (Loading) (Emptying) :
- i i
ol | |
= L
| |
‘v v i Column A Column B I
........ 1 I
1 (Idle) (Engaged) |
i |

™

§ ! Eluent Input !
"""" Aqg. Phase !‘i‘%‘:‘i" iy o
w ' il U A :
» Four example systems. x A UV + ELSD - )
y ! Detection )
| |
\1 1
I
I
I

U

“nh'

----------------------------

J. Org. Chem. 2021, 86, 20, 14079-14094
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}j‘ ]

A) Ideal: Continuous Isolation of Pure Product

Reactants = 1 | > Pure
- Product
2. B) Reality: Intermediate Work-Up or Extractions
Ad . m
Crude
| Reactants }> ?{ }’ _[ }’ Product
- C) In-Line Extractions: Continuous Production of Product Mixtures
Product
React
eactants { * ]-’ Mixtures

Aqg. Phase Gas Phase

J. Org. Chem. 2021, 86, 20, 14079-14094
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D) In-Line Flash Chromatography (This Work):

|
- »'ﬁ-

cx» ¥ Isolated
Reactants it
{ * "m i. Product(s)

Aqg. Phase Gas Phase [

el '
o‘.n‘.l‘.n‘.n‘.u‘.n‘ LJ

R
sy |

el n
!11111 .
Snnanes L

10

J. Org. Chem. 2021, 86, 20, 14079-14094
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N il%t! l .

Air Out

4 Me\s

Fmoc Ij\

H COOH UVv-150 In-Line Reversed-Phase

420 nm LED (~18 W) Flash Chromatography
3 (0.05 M) (Ve =10 mL, Tg =25-30 °C)
5 (10 mol%) )
MeCN Y, ‘// Isolated from 10 runs under continuous
Me.,.séo operation:
S
N" N
\ /
= O~
R OOH 5
H
4 S
Yield: 215 mg (0.56 mmol,82%) 10 mg (0.036 mmol)
‘ Productivity: 0.23 mmol/h Recovery: 53%
\, Purity: 97.2% Purity: >99% 3
J. Org. Chem. 2021, 86, 20, 14079-14094 s -
10

J. Org. Chem. 2021, 86, 20, 14079-14094



Any Questions?
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