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1. Introduction — Continuous flow purifications

Flow synthesis is usually followed by discontinuous purification, because of the fact, that the number of available continuous solutions is limited.[1-3]
The existing methodsl*® can be classified as in-line work-up or final product purification techniques, according to the position in a multistep (a) Classical multistep batch synthesis (b) Contiuous-flow multistep system _

sequence, where they are preferably used. Most of the in-line work-up steps aim to remove the co-products, which are formed from the reagent in In-line work-up
the course of the planned process.!®! These impurities should not be mixed up by the by-products, which are structurally related to the desired holistic design of Final-product

: o _ _ _ _ _ _ ) _ . well known, diverse methodology of _
product, but their formation is the consequence of undesired side reactions. In-line work-up can be achieved by filtration of solid co-products, liquid- the multistep flow system —\ purification

sreaction conditions
eanalytics
swork-up/purification

liguid phase separation, gas-liquid phase separation or through the use of solid phase supported scavengers. After the final synthetic step, the API
has to be purified to meet the standards of regulatory agencies. The enumerated separation techniques, which could be used between intermediate
steps, are not adequate by themselves for this goal.

High purity can be achieved by using multicolumn chromatography,l® simulated moving bed (SMB) chromatography,®/l crystallization!®-10 or
recrystallization, 1911 although the latter two usually require semi-batch processing. Purification of final product could also be aided by catch and
release chromatographic methods!'2-14! or salt formation — neutralization sequence using multiple-extraction steps.1°]
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Design of reaction

A+B > P+ C (Co-product) A+B->P+P +P’+ ... +P" (By-product) SeluelieE

Known continuous purification techniques The model reaction — Batch versus flow approach Purification with MDM-CPC

In-line Workup Final-pl’OdUCt purification Oriqinal approaCh. Use Of 4 in the SyntheSiS Of Carbazoles for '[he treatment Of ParkinSOH'S disease. 1 Ascendlnq mode O : - mm “mmnm”mmnmmwm“m”w 90
- Upper is the mobile phase, T | HHH

1. Side-product filtration
'Co-’ 2. Liquid-liduid phase separation oAk I @) I ho - -owerls the stationary
' A . 1. Catch and release chromatography Cs,CO3 HCOONH, phase.
product 3. Gas-Liquid phase separation \) .
N
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(with semi-batch processing)

Liquid-liquid phase separation

. XantPhos Pd/C 2. Descending mode
e 4. Use of solid phase supported dioxane £ 3a MeOH ¢ 4a [ j T i ——
scavengers 38% 68% >26% WO02015/110263 / phapspe y
1. Simulated Moving Bed (SMB) Flow chemlstrv approach: Nucleophilic aromatic substitution followed by a catalytic hydrogenation. || - -0Weris the mobile phase.
R Chromatography 3. Multiple dual-mode:
By- o o p = atm. excess H, NHy 70 _
product Not common 2. Cry_stalllza_tlon or recrysta_lllzatlon GC-column heater, 10% Pd/C J Al_ternatlng asc. ar.]d d_esc. mode
type (with semi-batch processing) NO, 1.5-0.05 mL/min oil bath or chip heater  T=50°C - 4a with sample injection in
Chromatography) T=100°C | NHz 70 5 stationary phase.’
. . o . F e A \  Zaiput® BPR I NJ F 10 injections of the sample Automated system for intake the sample (in two phases)
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' H, | ® e | i i | i 1 L EE T T T Using Armen CPC (100 mL)
SR EXCEeSSs gas (eg CHZNZ’ NZ’ COZ) (\O l- —— - — -— —ZJ [ j 2500.0 ‘ ‘ ‘ | | ﬂ 20 3000.0 | | | I ‘ ‘ | | | | %0 in MDM. After the
4' > I iy fi HN O | | § 1] e @ | equilibration and the first
N rotating filter / / / Teflon® AF2400 9 Pumps: H-Cube® or [ j [ j 7 2000 0 ‘ 1 1 1 ol [ 70 sgmple injection,  the
reaction stream reaction _ membrane tubing Knauer Azura P2.1S, 5 H-CubePro® N oo 3 ﬂ S8 T e A N | 0 iﬂepc?fatibm SStafteS with C;%SO%
(suspension) stream 7R IIITS P4.1S or Syrris® syringe [@j F Correspondlng anilines . ‘J | | | 50| |1s000 ( | i 50 rp(r)n .e 25}/30 mr?n r}wrgl(,quency.
' . (4a'C) and salt (7) 3 | | ‘ - 1000.0 AN SRR R N Detecting on 240 nm and
solid waste next step 500.0 A | 1 L |0 AR 1 L Y N a0
NO l J i 1 500.0 1R § FAHIRIAN ¢ ; LS 300 nm wavelength and
(scraping mechanism not shown) : NG K\O 2 e s L | oLt ‘.L i ."L_,! | WL & , VT T | WU T | SCAN (200-600nm).
optional quenching bath ; 2 H:=CUbe =ro 10 - U J U V | 10 GC-I(\)/IS purity is over
product solution (EEES el [ @220 @) CHZNZ) = <>/ . ¥ X ] _500'80: 3000 6000 9000 12000 15000 18000 21000 24000 00000 2000 4000 6000 8000 10000 120:00 140:00 166:00 18000 200:00 22600 99.9%.

‘n Connection the flow reactors with the CPC device

Solid phase supported scavengers Orto- (4a) , para- (4b) and

(a) Liquid-liquid phase separation (membrane separator) ’ dl' (4C) SUbStItUted ISOmerS ) I 3 : excess H2 SOIVentS
ci | S AR e and salt were formed. L MTBE
i T e e 12 — e T
u o N . n
© + @NC’Z — "_@ S\-Ar reaction using purpose built reactor ,- H.O PURIFICATION
NH immiscible e water soulble waste . I I ’ @ 2 .
B(OH), / O 2 solvent L e lble wast Entry [ o | T | Vieop | tes | Paer | Select. (%) | Yield | Reactor Crude reactlon _mlxture S _ AscC 1T
r s S [Ref.] "1 ec)| (mL) |(min)| (bar) | 3a:3b:3c | (%) | tubing composition s M
homogeneous Pd° catalysed 77% vyield membrane_/ 4a-c, [
Suzuki-Miyaura Coupllng (over 2 flow steps) (hydrophibic) 1[6] EtOH | 100 | Vapor- 10 8 74:13:132 962 GC-MS (%) @ LLL
(b) Liquid-liquid phase separation (gravitational separator) 2[6] THF 165 tECh 10 8 92:5:38‘ 98a NA 4a 4b 4C by'prOd- ConV. AT Eluents
oy I Dqg p (R2/R4) Av.?|815|54[12.3] 0.8 |100.0 Desc. (7]
QuadraPureTM TU (;f;;ﬂ;nssotlrve;nt; @ T 3 30 10 84-7:9b 94c 1/8” Dev.I 1.8 |0.3]14 0.8 0.0. 3a-c. 7 L —+10
heterogeneous PY/C catalysed 4 5 10 10 90:7:3¢ i 1/16” #Using 30 mm 10% _F:)d/C CatCart® with ’ ann
selective nitro reduction immiscible N EtOH | 100 flow rate of 0.1 mL/min; b Avarage, mean of
o Cl solvent pu\rﬁ 5 1 10 92:4:3d - 1/16” 12 (over 30 hours period). S, \1'
Boscal'd® o 6 1 10 8 89:6:5¢ - chipe Determination of the lower phase solvents [ab-c, 7|
produc . . c :
a Calculated from the crude product H-NMR spectrum; P Calculated from the isolated ~ The crude reaction mixture contains contents
yield; ¢ Sum isolatepl yield (.)f.the orto-, para- and di-subgtituted compounds; ~81% 4a after the two-step synthesis. Analitics H,O | MTBE | EtOH | n-Hex _ Yield2 | Pu rityb productivity
C : " d GC-MS (%); © white precipitate (morpholine-hydrofluoride). NMR+KE 54 6 50 406 ~0.0 Sample intake
entrifugal partition B e T (%) (%) (g/h/LY)
= —+ . . . ~U.
SMB Chromatography chromatography (CPC) Purification with MDM-CPC Avarage: | 530 | 7.0 | 400 0o ] Two-phase 572 | >999 1.44
) . : Determining the composition the lower phase (V/V%). On e-phase 62.1 >99.9 2.27
simulated movement of the bed = 5 ; l \ . . . ) . . . —_1.14.1- a Qverall yields for the 2 steps; P Determined by GC-MS.
(by clockwise switching of the inlet/outlet ports) N s i ChOOSlﬂg the approp”ate solvent SyStem N n HeXMTBEEtOHHZO =1:1:111 _ .
reaction stream e CPC is like choosing the convinient column and da 4b AC o IR || | _— Il Productivity can be
PSS ABREE eluent for HPLC chromatography. K can be | gy a 351 393 5 42 A o JIUE Increased by
) / determined by the ratio of the analyte’S upper ab 5 5 5 | l v 4 ; o using continuous injection
: : . + + +
/ and lower phase concentration, which is in a PK, 4.08£0.015 | 4.06+0.029 | 4.76£0.023 of the feed at an
T o filled with directly proportional relationship with their FW (Da)| 196.22 196.22 263.34 mte_rmedlate pom_t of the
stationary phase corresponding peak areas of the GC-MS clogP2 1.32 1.32 1.11 series of extraction cells
measurements. PSAac |  38.49 38.49 50.96 (3% betvaeen thé Cglumns
By rule of thumb: K, 1.86 0.49 0.24 rue Moving Bed) or

* making the sample
solution more concentrated
by diluting it into one

- partition coefficient (KU/L:CU/CL) 2 O-5<K<1-5; a predicted with MarvinSketch (V3); b determined by UV-
- the settling time = 20 secC (no more than 35 spectrophotometric titrations at 25.0+0.5°C, based on 6 parallel

} . i measurements; ¢ Polar surface area; 9 in n-Hex:MTBE:EtOH:H,O
sec); and the phase ratio around - ~ 1:1.

eluent

by-products

=1:1:1:1 two-phase system, determined by GC-MS measurements. phase onIy.
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