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Introduction
470792 —Fili—HEZDRhDER
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120
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80 <~

2 60 — reactant
—— product
40
20 Figure 2 (a): Batch Synthesis: Levels of temperature ranging from 293.15 K
(blue) to 303.15 K (red) according to the color scale top left.
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0 Figure 2 (b): Microreactor Technology: HCI (red arrows on the left); NaOH
1 2 3 4 5 6 (blue arrows on the left). Local temperatures are given according to the scale
(right) in K (y represents the cell thickness; L represents the channel length).
space [cm]

Figure 1: Chemical processes in round-bottom flasks and microreactors.
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HEHTRES
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ECHESNET, TA000U 79 2—ATORAIRERBEOMLER

ICK>TRRI T ENABETY . Thid. Figure2& F CHHIKEZE TR
LTzFigure3TR3Z LA TEET,

inlet A inlet B

0cm 3m outlet

Figure 3 (a): Batch Synthesis: Concentration equivalents (ranging from 0.8
(blue) to 1.2 (red) according to the color scale top left.

Figure 3 (b): Microreactor Technology: Compound B is injected (inlet) to a
flow of compound A (blue). The green color indicates the 1:1 mixture.
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kinetic control
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potential energy
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Figure 4: Chemical process diagram.
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Figure 5: Chemical processes in round-bottom flasks and microreactors.
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Definitions: [ Yield of the reaction under batch condition

YTOS* SRV AT LORA /a7 7 2—2RAV-AREERG

TENICLEZERZCDERERRISH. X470V 77 2—2BVTHIHLTWEYT, UFIIRT EERGHZ BN <1707

[ Yield of the reaction performed in a CYTOS® Lab System Microreactor
[ Productivity of the continuous process performed

. . o
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\/\NHQ + Ac0 — "
Dioxane |
0N
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-'g p Addition of BuLi to Benzaldehyde OH
x 0 O/CHO 1. n-BuLi
(7] 2 50 g/h 2. H*
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() NOH
D¢ Beckmann Rearrangement o
N H,S0.
o 2004
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=t 46 g/h 30 min, 125 °C
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1,3-Dipolar Cycloaddition )N\HCOP*‘ ﬁozme Ac,0 oo — e
P” “coon  * 15 min, 100 °C Ph” N~ Ph
29 g/h COMe  -CO, b
Favorsky Rearrangement

Guaresky-Thorpe Pyridone Synthesis

51 g/h

Intramolecular Diels-Alder Reaction

19 g/h
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EtOH
130 g/h 10 min, 100 °C
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SL; < 34 9/h 150 °C, 40 min
N |

o

k=
°= v
U .
E el

@
21-
| €
@ |

TYUZAIVYR—F TEL03-5796-7330 FAX:03-5796-7335 E-mail:sialjpts@sial.com




Mitsunobu Reaction

10 g/h

OH
o
DEAD, PPhy @—{
* THF, 0°C, 2h O@

Nef Reaction

32g/h

NO, o}

1. NaOH
2. HpS0y4

Paal-Knorr Pyrrole Synthesis

Red-Al® Reduction

O 0 0 °C, 30 mh O OH

)
(%)
]
Lo
"
=
(]
(2]
L
(o]

9g/h

Sodium Borohydride Reduction 0 OH
é NaBH,4
75 g/h EtOH, 0°C
F
Suzuki Coupling Br cHO N CHO
3)4
O

B(OH),

Synthesis of 2-Amino-pyridine-N-oxide | \ MCPBA | ™
- *HCI
N NH, N NH,
46 g/h &
Wagner-Meerwein Rearrangement i o
7i>o BF;3- Et,0
5g/h
s . o
Wittig-Horner Reaction o . : CO,Et
9 P 1 NaOELTHE J
2. QCHO
116 g/h —0
—0
E INVIE R —IV7 vy T THEKIE--
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ITIARZL LEEOCERISICEREREEDBWVARTY
(Figurel) ., AIVRVEBEBZICRG L. BNIIET. HHT X
FIVIATIVEERLES, £7IVA—IVERRLTAFIVI—TIV
EE5ZFT., RISREIEBOBRMEICIVELGYET, 7./l
—MRITIERICRS RISLE T H. BEDRRAKE7 IV —IVIE. HBFSE
g ) A D K S BMEZ RN LEVWAEY ., RISIEREZ Y EE
hoo AFIVEBABOMEE—DBIERMIIBRRARATT, IT7VIAZVE
BUVWERIGT. —BRESKUBRMEATSICBVDIE. A) 7ILTER
DEAXFIVT b UADAF UL, B) AL 71D yo7o/N i,
O BN\OTAEERERETZIT7 VT UK. T,

CDESICHERBICERGLEFEEZRD—H. IT7VARVIEE
BEHICIIBRTY . BAOGBAIVY /=T TLIVF Y THBT L
HhbhoTEY. BLERLHY . FEREREIF02ppMTY, &
Slc, IT7VARVDRI[USTDFFE> IcH) T, 1ZENGZEY
HZAY 342 FDERTHERMEC BRIREEDNH BT, FHMNT
DEYDBEVWAZABEZBNSLSBIEREEINTVEY, DK
SBEAZAB/EIE. 1~300mmolEDT TV X2V ERAIC, Clear-
Seal°Y 3 Y FDEAASRGBEFY bTVILR Y v FHOSREYS
A ABRFENTVET,

EIEWR, IYTIARVREARPICENFEFTELTEH, MEZDE
DICEBEDOBEROBEREZIRT BT LIFTEEEA, TORBEZRE
R Bl e BIRBERIEDEL (ThHDE. Y AT LAIK—EI
BRIZEDYTVIAZVDNEET BT LEDOKELV) BN 7O %6
FELE LI, COFLLWTOLRITIEFZOMIT, (EFEEDKEDRERE
BAHADBE 7 ZAAPARBDZIRICDOVTVRIRELNZTNEND
FlmEHIEY,

COEFEH 7O RE. 7IV Y v FHOEMER (7 ZAHIVT 1
7 VAL-180) ITHWIENRENTUVEERFIBICEDOVWTVWEY, V7
VARUE 65°CTCI—T IV, 2- Q-ThFI I hF2) T2/ —Ibd
KUKEALA ) D LAAEROEER EDiazald® (N-XF)L-N-Z hOYV-
p-bMIVIV VRV 7 I R) EDRBICEVESNET (Figure2) .

ITIAZYDEFRHNEERDHICT. Diazald®F v FNo.
2100250 (Y7 VARVERBOERAZAREL Y M) TIE3VO7
SAAZEALT. IT7 VA2 VHIFEE LUKOHAM, LTV
IWR>VEEAY U LEBGE EDRIERMOMREEITVNET (Figure3) . &l
ERE. MEDIT VARV EDERT B HEBED A > I BIRSRIC
EYHENEY, Diazald®DIT—F)LAKEE65°CTKOHERIGE B3
E VIFIVI—TFTIVEITIAZVIEBRISICGIL L, -5°CTHREAE
NTERICRYVHEET., AFIVIZATIVEEITSBEICE. TOF

BCHOD CONIVRVEEZANTEL ZLDLFRETY, TORAF
IWIRTIVEEGHICEREE 2 dlc. BARZTOICRISEEE
ED

COVATLICEY THDS BICBEN DREIC06molDd XY T/ >
BAFIVIZATIV (Figure2) ZEMT 2T ENTEXT, HBITL>T
JIFIVI—TIVO o DBELTR. SRIRERMOMEIRAX 7O MY
ST ARETO%EZ) T,

Solutions and Feeds
Feed A: 5.0 mU/min 0.47 M Diazald® in diethyl ether
Feed B: 2.4 mlU/min 3.9 M KOH in water:

2-(2-ethoxyethoxy)ethanol 0.8:1 (v/v)

Waste: 3.0 mL/min
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A) Methyl esters from carboxylic acids’

o] Et,O o]
¢ >—< + CHoNp ———> < >—<
OH o =N OMe
B) Methyl ethers from alcohols®

CHoClo/HBF4
<:>—OH +  CHaNy 4'\" <:>—OMe
- Nz

92 %
C) Cyclopropanes from olefins®

Et,0

CHN, + Znl, (ICHp)5Zn

- Ny

O = (3

88 %

D) Ketones from aldehydes’

o)
@-1( +  CHoN,p
H

Et,0

o]
e O
- N Me
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E) Diazo ketones from carboxylic acid halides' Aldrich Diazomethane Generators
Oy £L0 Oy CHN: Amount of diazomethane
v CHNp  ———> OO Cat. No.  Description (mmol)
92% Z108898  Mini Diazald® Apparatus with 1-50
, , o 19/22 Clear-Seal® joints ¥57,500
Such diazo ketones can be further converted into carboxylic acids with one S .
additional carbon compared to the original carboxylic acid halides (Arndt-Eistert 2202509  Mini Diazald® Apparatus with 1-50
Synthesis), or give the corresponding a-haloketones after treatment with HBr 19/26 Clear-Seal® joints ¥57,500
or HC.
Figure 1: Selected organic reactions applying diazomethane Z419761 Diazald® Set with system 45° 1-100
9 ’ E PRYINg ) compatible connections ¥128,800
E*Z;’ 2100250  Diazald® Kit with 19/22 ~100
0 OO on o) Clear-Seal® joints ¥116,400
Oé‘N’NO + KOH —— —@—#-OK + CHoNp . J ‘ .
o -H0 0 2108510  Macro Diazald® Kit with 200-300
24/40 Clear-Seal® joints ¥191,000
A OH L CHaNg — AN OMe Z203076  Macro Diazald® Kit with 200-300
o] e o]

29/32 Clear-Seal® joints

Figure 2: Generation of diazomethane in a Aldrich Diazald® glassware kit
2100250 and synthesis of pentenoic acid methylester.

Feed 1: Diazald® Solution
69 1 Flazald Soltion

waste
-
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Gregor Wille, Gerhard Jas, Synthacon GmbH, Frankfurt, Germany;
Volker Auze, CPC-Systems GmbH, Mainz, Germany

SYNTHACON

FLT74VERERRETZIRFY FOGRIK. REBEEHLUE
ERETEICAVSNTVWRERRIGO—DTY, BECOBILRIS
&, RRDEZER/RNICBBERANT., HEWVIEREMEL 6138
BILKRZAWVWTRET AT ENTEET, REERETIE. —MRIC
FENZEZEIEIM-7 O0BREEE (MCPBA) TY., MCPBAIGZ—A%
BICREN DY ) —VERIGHARETTH. Bifia o ITENF A
BRSNTWVWET, T5IC. MCPBARERT 5 &, RISEBDDEEESR
NMEMTHE LK EVEIERME LTEHED Y OOREEFEHEIERE
NET, TENGERDSIE. M—DRIERITH SBEFELBZ K
BREAREA TS, BEFEBERVIBIEOA DD DICEINTT .
HRETNTVSBEE (FEEh40%aRK) FRMERR T, ifL
FREHNSBEEROFERICEVTIEWS DHDRFELRBY £, F—
[T, REHOEDLS. BHRIIBERETHZTLHhDL>TWVWSE
. RIGBEIF60C°CEBABEVESICTZHELNHYET, BII,
RIEEDBWA L 7 1V ETEZARBEERHNREVONEFNTY, &
[CAREET & & LT, BIERIOEEEIE TR+ FOBRBRRSEED
TELELGRIRISES TR T D, LIELIETRERBNENES
NELA. BEFEDT S LIHIRERRT 57, £leIRFLH
ELTOBEAEERT B, 17U T772—c&kBE/M70
tbeAk%%*hibto747DU;79—@$—»P7v7
EROVNE CAZHEENMBEN T WS 8. BIREAEEZIERICERIC

BURS TENTEXT, BMLEE L CRERBE AV ERIDERE
LTFITRLEY,

WS OHDERBHD—2Id. TRF VMRS THEEDRGENH S
4-EZ V-7 ONFL U ERRERERICAW T —XTY., TODHE.
50°CC. 470U 792—RATDBEEDRSICK>T4-EZ)L-
OANFE U FF Y RICRAL—RICE#RENE Lfc (Figurel) . 7
el =07 v 7O RBELENTOED D feéd. EIROEER
THREINEDLVBRBONERTODTMUESHEY R LML
#HoOA 7Ot R - AV A IUCEIFBGCCT. BHOWBEH0%LL
FERLIETEASHICES>TVEY, BREEOBEBOEEELS

T ZHhIVHR—

RO AT LIS 58 Z AV - REGEHERIG

. TOBEBEDREUHNS. FICT—0 7 v T TEGNRBE i3t
EEET DHESORMWEE 7O ADEREMCBIFRHLE LT

EZIby7ankFte YOI RFU G, 470070 2—K4 L
T4 VDIRFVERBANISATES T EERIRRNGHTY, T
DY AT LORFRERKIET B8, FhlzBISIZEN T TRF L&t
THEHRGEDIERITELS, EALELEDEALRRIGES I ERT LYY
WEEEE T ) IVICDWTIRET LIEER. TOXSICE#EG TR+ 1T
TR, EENGIA7OVT 72— FRVWTRDGRERERZTED
TEF Lk (Figure2) . EWhblF, BELGERAESIERT TICIRIE
70°CORENPVETH >fcTED S, RIFY TOHEMODENREM
DRISZAIREICLIEEEITENTEEY, KRB 80~90°CDRET
HEBETOMBRTE. CO/BMREHEDERY T ETHE S MREIEHE
ELTVE A,

BEFEIE/NM Y —E ) A—B{tRISICERGHEE LTEHM5NT
WEY, RLBELRADIDIE. TAREZYT VI VICHT BREDE
M7 7O0—F TRWSNZHREEDER T, miREN T Sbicyclo
[3.2.0] hept-5-en-2-oneld. EFEE/BEE{LKRDESHRT CHET ST L
ICKDTHRYETBESY P VICRAL—RICERT DT ENTELTH.
BEORIGFOCCTHRBORIGEHE TERETNE T, FcBITBEE
DB AR AE BV THHEDCYTOS TRV AT ATZEDRIGEITO C

e Lx Lz (Figure3) . <7077 2—HTlE, [@DRE
<58 CETCRIGREZ LR ERTENTEF LT e 5
ZUT CRIGEBNDE TCREBICEB LT EHPRELRFIATHY.
HAEE L HBIFIVEFERTERTEEERT L. NYFEK
Tl MEMEWOERHNELGRGLA N vF—RT—0T v
TTHofelIcb D H 5T, 14g/hDMEBENRIBEINE Lz, FER
B LY FERBEMAIERT 25 E. TNThRE L FEREE
KYUMRICHARET BT LT WEBEIFE SIT5~10E8Z 200 L HiF
TEEY,

HBLECTEAR. BHFREIRF MBI\ VY—EUA—-FY
b AAERISICS T BN GEREME LB LMY E L, R
ERECEEERRTH, X7V 77 2—DFEMZERLS T &I
KO THEEBTOBEFROFBANRITTELLEYET,
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1

0.3 eq. CH3CO3H H 3eq. CH3COzH
N (39%)in ethyal aootate N O (39%) in ethyl acetate M o
— 0 < e — < =0
O/\ 52°C, 6.4 ml/min ()/\ 58°C, 4 ml/min
t=2.7 min H t=4.3min H
work-up: distillation work-up: extraction
Yield, batch conditions? 82% Yield, batch conditions® 85%
Yield from CYTOS® LabSystem 65% Yield from CYTOS® LabSystem 90%
Productivity, CYTOS® LabSystem 12.8 gh Productivity, CYTOS® LabSystem 13.6 gh
Figure 1: Epoxidation of 4-vinylcyclohexene. Figure 3: Baeyer-Villiger Oxidation of bicyclo[3.2.0]hept-5-en-2-one.

2 eq. CH3COzH
(39%) in ethyl acetate o

A0 — > >_O
i 70°C, 1 mi/min b
t=92min o

work-up: distillation

Yield from CYTOS® Lab System 34%
Productivity, CYTOS® Lab System 1.2 gh

Figure 2: Epoxidation of allyl acetate.

Peracids and Peroxides-Oxidizing Reagents from Sigma-Aldrich

3-Chloroperbenzoic acid, MCPBA <77% OXONE®, monopersulfate compound
[937-14-4] [70693-62-8)
273031-25G 259 ¥5,600 228036-5G 59 ¥3,900
273031-100G 100 g ¥13,500 228036-100G 100 g ¥5,200
273031-500G 500 g ¥48,400 228036-1KG 1 kg ¥6,800
Peracetic acid solution 32 wt. % dilute acetic acid Hydrogen peroxide solution 30-35.5 wt. % water
[79-21-0] [7722-84-1]
269336-5ML 5 mL ¥5.000 13-1910-5-500ML-) 500 mL ¥800
269336-100ML 100 mL ¥6,100
269336-500ML 500 mL ¥16,900 Hydrogen peroxide solution 3 wt. % water
[7722-84-1]
tert-Butyl peroxide 98% 323381-25ML 25 mL ¥900
[710-05-4] 323381-500ML 500 mL ¥1,100
168521-5ML 5 mL ¥4,100 323381-4L 4L ¥4,300
168521-250ML 250 mL ¥4,300
168521-1L 1L ¥14,800
©
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=
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=
=
—
=
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CYTOS® SRV AT LILEITBT IV —IV) FI L{LSMDE R

Joachim Sommer, Wolfgang Stirner, Gerhard Jas,
Synthacon GmbH, Frankfurt, Germany

L
)
-

. SYNTHACON

CDETAH RIGDBRES KURBIEDIHDER TEFHNRY —
WELTRAo0 7o 2—72/8Y— (MRT) BAEEBEZEIF TV
9, ZOAZ—V/NEYEDT7 TO—FIc&> T MRTIZZ7O—X
IW—ZHETTCORIGEZTI AT ENTEET. LieHh>T. MRTIK
BEBLCREDOENREWVOTERIG/NT XA —2DFHIEICENTWE
. ZLDFET. WEE EIF. BlERMEDGEC L. BEREES<
TBHIENAETY . MRTIZESE LT, BIZIXELEMDERE T v
FURIGGEEDHDHEDRISERREL HH—DHELGO>TVE
ITH —FH. —RICIE. BEREREMITERA CTESLLRBEINT
HY. HEHOAERRIGICEWVWTMRTZE BV SR ICHERIESN
BT ENROONTVET ', HRADI LGHS., FITRELEINTE
RAVBIVT7 I R—=Y AT LOHRENS K SICEo>fcT &b, E
EHLUBRBEEEECO/MIBREEICBVWTIRA7A) 77 2—IC
EBEBRNOEOHBE>TVET, 70— RJIb—Kl&, BITERH
ICRIGERT T T LTk > UL EMDRREICHE IR % MR i
THEEXRCEDTHYET, THIT. REBEEICEVTE.
NV TTv TDEZAD. BERE BIZIE. BEESBZRAVIR
15 PERGEEEAWVBRISDRT—IV7 Y TN R 7 E&/INRIC
MABZEICDBEANAIET,

FEIECEMD ) FAURISIFIFRITERGRIST. DBERKE
FEBEHERG CEEEELEBR/ N2 - VD ELSHEPRETFHIDREE
DARFNGEIHZEIC. 7=V FULEEMEREFRIEDRIGICE D
TRELDBRENMSOSNE T, —MRic. 7U—IVIFILEE. UFY
L-N\AT YRBRIG. HB5VIEBEERNDEEESBILRISICE >THE
SNEY. AebldRia. BRR-UFULEHOMRTICAZICBATE
BT LERBHLE L, —MICTA 7DD T 72— FEHTEELENT
WaTe, BERVFILMUDRAT Y THIFBICHWNEECTRERET 5T
ENTEET 24 Fle. RISREDOERGHIED IR . VL Y-
Ay TV IRIEDE S GRIRBZENZE T, Thick>THEELIn
situy U TV FEDBRRBEEENLAY 97, Flo/\O7 LUER
Tld in situy 7 T FEDHRIFELZRITEN TN TOLELEL DI
BoN&Ed*, MRTOENSRZ L in situy DTV FEEF. HER
HOBEHCEMERBEFREHOSD LHRET DI ENTE. F7
U=V F I LBOERICHRER) FULEE BIZE. TFIVIFD

L) BZOREEMITHNT BT EEBKLET, RIBAT—IVIcEHK
DEITH, Ny FERTIE. UFILRAREHILARZIUEETEE DR
BFEITHRMINIE. EAGRIRISHEEZY., TSIEZTNHERIG
ERBBETSHYET, MRTAZAVNIE. T3 LEEIRISEIZIFSR
BECMA BT ENTEFT, EHRRVOFIZFigurellTIRLE T,

7= ROV, PdfpRIc k2RO IORAY TV ITRIG
ICBFZERECIVT A7 T7AY 7 TY, BE. COEIVTAT
oy oiE. BIRIE. VFAERG (BF-DFULRBRIGPZIC
BCROVBIZATIVEDRIS) ICK>TERT AT ENTEET,
—f&lIc. TORIGE—78CTITONE T H. N-Boc-+1 >~ F—)blcDW
TIEBEREH T TIEEC0°CT. LDAZBWTU FALTERT LD
BASMIE>TVETYS L L. TORIGDAT—ILT v TIENT
BEDSHZ . Ny FERDBELRLCCin situy v > FEZBL
T. QYToS* R4 7077 2—ChiszH#F Lic. RIGE7U—>
T. BUESLUBERLE. IS LEEOEVNERS KUHMET
ROVE2- A R VAR ENTEX LIz (Figurel) .

HEBRCEMDA IV MDA Z)UEIE. BFEBECEMDOAEERY
DF I LMEILE KCBLSNEHFETT . ZLDBE. 73 FHAWLS
NETD DEB/VLT I FEEZBRELLTAVS L. UFULER
DIMAMIFENE T, B2 DRERERETIEin situy 7 T 2Tk
BEIRISZE &N RICHIZ B TcdDBAGFETTH HBBICE>TRE
CDHFECKBT B EELEHIVET ., £T T BICAREBILFETK
CEIZEDBARERFEFELSEEY B5%aIcE. MRTZEVNSY
HOEFH T TO—FDES5—DDF|RTH 5 2EBMEH RO Z N E MR
LEY. BIRETIEPBGEOTRIN. FBICRVRIGEBORZ. B
EEICEE2ERPEICHEIT LREFRADNRIETNE . COHEZALS L.
Figure2lc g £ 51c. XY X7 I RDOAFIMEEelE UV ERGED
0°CCLRINETEIVEY, BVEMIH TLRRENTETH Y.
Lieh 2T sBfbicBBZzEP T LG4 BROWVINETEN
MEFBIEDNTEE LI

Z1Aa7 =YV — Vg FAIUERGD =& DEBRRNHEYE T
o UFALOMBERIREIERIGEHFICRKFT 2T LHMRETN
TVWETE, HHDMRTIZE Y. PMDTA (IRVEZAFIV-ITFIVIT R
U7 V) ZHRMEIE LTRWCZORIGERBELIZE T A, -50°C
UTFCH—DOMNBEEEGRZEMME LTRELF Lz, £ kS
&, DMFEid RO VB I X7 IVEREFHE LTHWL. HHET37
IWTE FBLUROVEEZLEGERIGRE SFNETERT ST LD
TEF L (Figure3) .

HERMELT25-Y70FEU IV ERVEBETH, UER
RIS FAUEDAIETT ., TORBDMUEBEZRERIRIGEES K
UBRBEOHERBRRITHTEAXIH D SBHENTHE>TVET,
HawkinslZ & WiRrEniek Slc. MRTEBWL. MNVIVHRTREETT
S&. 2-RUS-BERADEMGELIE, —7 FUITK>TELEZEDD
—RAKI18TEBFEYETH, THFRTIET:87U LD DA EICZ Y £
To INHRIFHEBNZ <. #60% T LTz, FEE. 2BRPECYTOS® T R
AT LZERWEE. THFEHER L TE L CBEAEEDEWERE LT
MTBEZ BN\ e & ETE ZS-BIMADIHDEENDEWVSHERERSD T
ENTEF L1z (Figured) .
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NrtzgELHBE BFERILEMD ) FAILEZNICHE S KREFH
EDRISIF. —RICEBHSEFHETTIA/OU772—-Ic&2T
KT 2T ENTE, WEEICEREIE—RICENT EATENSE
LTz, E5Ic. RISREDBWVSHIC, WEFETIEREE (B+0
TILET) DAIREEBYET,
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@ 2 eq. LDA, ATHF (:E\Bfg(om2
N 1.5 eq B(OiPr)3 N
O/EO 0°C, 1 mi/min O/EO
actid=ic1v?/(;pll<r-]up )V
Yield, batch conditions, 2 g scale [4] 96%
Yield from CYTOS® Lab System 89%
Productivity, CYTOS® Lab System 18,4 gh

Figure 1: Synthesis of 2-indolyl borate.

o e | A | e A

t=1min CHal
a:R=CHjz
b: R = SiMeg
Yield (a,b), batch condition [7] 76%/86%
Yield (a,b) from CYTOS® Lab System 85%/98%
Productivity (a,b), CYTOS® Lab System 12,2/16,8 gh

Figure 2: Ortho-metallation of benzamide.

F 1. n-BuLi/PMDTA R
@ 2. DMF or B(OiPr)3 @iF
? 3 HClL O aR-CHO
' b:R=B(OH),
Yield (a,b), batch condition (20 mmol scale) [8] 99%/N/A
Yield (a,b) from CYTOS® Lab System 85%/78%
Productivity (a,b), CYTOS® Lab System 6,8/15,6 g/h
Figure 3: Lithiation of 2-fluoroanisole.
o
] B Bl ﬁ"i DMF N
Br N Br SN Br” N
Yield, batch condition [9] 60-80%
Yield from CYTOS® Lab System 94%
Productivity, CYTOS® Lab System 21 g/h

Figure 4: Synthesis of 2-bromopyridine carbaldehyde.
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Synthesis of Aryllithium Compounds in a CYTOS® Lab System

Organolithium Reagents from Sigma-Aldrich

Lithium diisopropylamide solution 2.0 M in heptane/ Ethyllithium solution 0.5 M in benzene/cyclohexane (90/10)
tetrahydrofuran/ethylbenzene C,Hsli
CgHi4LiN [811-49-4]
[4111-54-0] 561452-25ML 25 mL ¥5,400
361798-100ML 100 mL ¥6,300 561452-100ML 100 mL ¥14,900
361798-800ML 800 mL ¥29,800
Hexyllithium solution 2.3 M in hexane
Butyllithium solution 1.6 M in hexanes CeHysli
C,Holi [21369-64-2]
[109-72-8] 468568-100ML 100 mL ¥3,800
186171-100ML 100 mL ¥4,500 468568-1L 1L ¥27,500
g 186171-1L 1L ¥14,200 o ) )
= Isopropyllithium solution 0.7 M in pentane
© Butyllithium solution 2.0 M in pentane CH,Li
= CHol. [1888-75-1]
"5 [109-72-8] 529745-100ML 100 mL ¥31,500
w 302104-100ML 100 mL ¥6,200 529745-1L 1L ¥182,000
ol 302104-800ML 800 mL ¥30,300 o ) o
302104-1L 1L ¥37,400 Methyllithium solution 1.0 M in diethyl ether
- CHLi
Butyllithium solution 2.5 M in hexanes [977-54-4]
C Holi 316768-100ML 100 mL ¥10,700
[109-72-8]
230707-100ML 100 mL ¥5,000 Methyllithium solution purum ~1 M in cumene/THF
CH.Li
Butyllithium solution 10.0 M in hexanes [917-54-4)
C Holi 67737-50ML 50 mL ¥5,000
[109-72-8] 67737-250ML 250 mL ¥20,100
230715-100ML 100 mL ¥10,200
230715-800ML 800 mL ¥60,400 Methyllithium solution1.6 M in diethyl ether
sec-Butyllithium solution 1.4 M in cyclohexane [C9H137|__|54_4]
CyHoli 197343-100ML 100 mL ¥7,000
[598-30-1] 197343-800ML 800 mL ¥28,500
195596-100ML 100 mL ¥7,500
195596-800ML 800 mL ¥18,000 Methyllithium lithium bromide complex solution 1.5 M in
diethyl ether
tert-Butyllithium solution 1.7 M in pentane CH,Li @ Brli
CyHoli [917-54-4]
[594-19-4] 186201-100ML 100 mL ¥6,400
186198-100ML 100 mL ¥7,600 186201-800ML 800 mL ¥20,600
186201-1L 1L ¥24,700
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RATBVTIZ—IHEVER, CEZERBLUEEICTLTKE

BREEFDOEPFEINTVET, COEFEV AT LICENFEET
ALANRRICEELTESLDICHEY . ZTNHAELGFRDIDTY,
ROGITHESMNCHEBDTL & D,

tert- 7 FIVAF ALKV (Boc) ' A, FITXTF RERICH
WT. BZ5<RIELCHAVLNTVWST = VIRERTY, A
KFEMCRIGERZ TS, BEMRGOMDORKEAEOKEICH L TIER
Exfed. ZIWALZIVAFIVAF T AHIVAZIL (Fmoco) EDK 57
D7 I MAREELIFELGV XY, BUREE. BRI F)VF TOHCL
HIPE(EAF L VAR TOTFAE D K S GBUERETERRICITAE
ER

Mono-Boc-1R&Y 7 T vigk. AR—H—mH. Urh—. £k
RUTPEZVE/R—ELTRVLSNBZEELGE VT4 70OY I T
o YIRTIVEY Y FHORET BLEFEDMono-Boc-{RED 77 =
VIERNR=IICEEDHET,

Mono-BocRET 7 = VDEMICHWNT. BE (Boc),0&I 7 I IC
FNEBE. ZOERELTMono-BKUDIHRET =~ ERRIGDH
HEREORESMAEERME LTESNET (Figurel) . T5L71:
RBICEWNTE. 47877 2—0OFMiEBONIEINES S UE
ENEASICRBETTEET., BREICZCDRRETOIENTE
Bfcsh. FITRT EHY2BBTERS IV DMono-Boc-1RE(L R ED
RE(EDNERENE LT,

RERIZ7TSmLUFBEBEEH LIZCPC-CYTOS® TRV R 7 L TREE
LE LTz, RVICIT>e—EDRRTIE. BREEOAEZETEIE K
BETHEBRLE LR (Tablel) . 7OvFrI&fTbhabh>fcg N
TORBRTIE. RISERMFICKRED (Boc),0ldEX> TWEHEAT
LTz, BOEEORE(EERL. LEREDRETEEL L BRT
AR/ —)vEFFLWVAEE LGRIRLE LIz, RiT, X%2./—)b
F30°CT. Mono-BocfRE(ILENRS IV ERANETERT BTcHD
(Boc),0mE%= &E(L L% Lz (Figure2) .

(Boc), 02D RELDE. £EMARELTI2HLELNHY XL
(Table2) .

RATAVT I 2=V AT LDOEENE [9/] & Y AT LFROE
BEEE LTS, HBWVIEREELITBCLICE>THET BT ED
TEXT, <4777 2—7Tl& (Bog),0&7 I VHhRIGLTRE
FTBHCOHNARDNEELGEREGEYFT, BEOMBRANEEDIFE.
HEEEHCO, TR THILINZEEHAECEVET, ThH. Bk
S ERBOEBRD L S ITHBRBEOERICOEAVET., Th5DT
LEEBLT. RBLTIRIDINTA—42%BELELE LT, L
HoTCFeed AHDERZ I VBEIZ02MA S5 1.6MITHEY L. FFFIC,
HIGRE LI REAETEIVEIC Lich > TFeed BD (Boc),OEE &1
TEE LTz, Feed AHDERS I VEEN.MDFZEICIE. <100
772 —HNTNN-I-Boc-EXRS IV HHER LikehE LTc, #EREL

= Y Mono-BOCIRE(LR G

T, REEZRBEAMU/DICEFS T ETRERBIIEEINE L,
ZNUEBVREICES & (Boo,OEANRZRICKESD T ENTRENT
WEY,

2kE LT, TOTOERIE. 0B TORBRTCRE TN, —
IZ#9600gDMono-Boc-N-EXS IV HNEEENTUVE T, TORFD
RZlc. STRBEURICARORIS 7Ot A Z &t 2 &EHH
BETY,
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Figure 1: Mono-Boc-protection of piperazine. (A) = piperazine, (B) N-Boc-
piperazine, (C) N,N'-di-Boc-piperazine.
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Composition of the crude product
Experi- mono-Boc- | di-Boc-
ment Temp. | piperazine | piperazine | piperazine
No. Solvent | (°C) (%) (%) (%)
1 THF 60 MR blocked
2 | Toluene | 60 26 | 471 | 27
3 Toluene | 40 MR blocked
4 MeOH 60 29 43 28
5 MeOH 40 31 38 31
6 MeOH 20 29 41 29
7 CH,Cl, 20 MR blocked

Table 1: Optimization of Solvent and Temperature for the mono-Boc-protection
of piperazine. Experimental details:1 eq. (Boc),0, Feed A: 0.2 M piperazine 2 ml/
min, Feed B: 0.2 M (Boc),0;2 mL/min, 1.5 mL MR, 75 mL residence unit.

# piperazine
60 —=&— Mono-Boc-piperazine

*_ Di-Boc-piperazine

0.5 0.6 0.7 0.8 0.9 1 1.1 1.2

Equiv. Boc,0

Figure 2: Optimization of the molar equivalents of (Boc),0 for the mono-Boc-
protection of piperazine Experimental details: Feed A (0.2 M piperazine in
methanol): 2 mL/min, Feed B (Boc),0 in methanol): 2 m/min, 1.5 mL MR, 75 mL
residence unit, 30 °C.
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(A)
Optimization of Concentration
Experiment
No. Creed a) [M] Production [g/day]
1 0.5 115
2 13 299
3 1.6 MR blocked

(B)

(B) Optimization of Residence Time

Experiment Flow (Feed A, B) Production
No. [mL/min] [g/day]
1 2 299
2 2.7 404
3 4 597
4 6 90% conversion

Table 2 (A) and (B): Optimization of concentration (A) and residence time (B) for the mono-Boc-protection of piperazine. Experimental details (A): 0.8 eq. Boc,0, Feed A
(piperazine in methanol): 2 mL/min, Feed B (Boc),0 in methanol): 2 mU/min, 1.5 mL MR, 75 mL residence unit, 30 °C. Experimental details (B): 0.8 eq. (Boc),0,
Feed A (1.3 M piperazine in methanol);, Feed B (1.04 M (Boc),0), 1.5 mL MR, 75 mL residence unit, 30 °C.

Mono-Boc-protected Diamines from Sigma-Aldrich

N-Boc-ethylenediamine purum, =98.0% NT
[57260-73-8]

15369-1G 19 ¥7,500
15369-5G 59 ¥21,500
15369-25G 259 ¥78,000
N-Boc-1,3-propanediamine purum, =97.0% GC NT

[75178-96-0]

15408-1ML 1 mL ¥7,800
15408-5ML 5mL ¥24,000
N-Boc-1,4-butanediamine purum, =97.0% GC/NT

[68076-36-8]

15404-1ML 1 mL ¥7,800
15404-5ML 5mL ¥24,000
N-Boc-cadaverine purum, =97.0% NT

[57644-96-3]

15406-1ML 1 mL ¥14,600
15406-5ML 5mL ¥57,700
N-Boc-1,6-hexanediamine purum, =98.0% GC

[51857-17-1]

79229-1G 19 ¥9,000
79229-5G 59 ¥34,500

N-Boc-1,6-hexanediamine hydrochloride purum, =98.0% AT
[65915-94-8]

15392-1G 19 ¥8,600
15392-5G 59 ¥32,000
N-Boc-N-methylethylenediamine purum, =98.0% GC
[121492-06-6]

15567-1ML 1 mL ¥38,400
15567-5ML 5mL ¥151,600
N1-Boc-2,2'-iminodiethylamine purum, =97.0% NT
[193206-49-4]

17752-1ML 1 mL ¥7,900
17752-5ML 5mL ¥31,100
N1-Boc-3,3'-iminodipropylamine purum, =97.0% NT
[82409-04-9]

17756-1ML 1 mL ¥8,000
17756-5ML 5mL ¥31,900

O-(2-Aminoethyl)-O’-[2-(Boc-amino)ethyl]octaethylene glycol
=90% oligomer purity

79141-500MG-F 500 mg ¥51,700

O-(2-Aminoethyl)-O’-[2-(Boc-amino)ethyl]decaethylene glycol
=90% oligomer purity

77090-500MG-F 500 mg ¥53,800
O-(2-Aminoethyl)-O’-[2-(Boc-amino)ethyl]lhexaethylene glycol
=90% oligomer purity

[206265-98-7]

70023-500MG-F 500 mg ¥56,900
N-Boc-p-phenylenediamine purum, =97.0% NT

[71026-66-9]

15485-1G 19 ¥5,300
15485-5G 59 ¥20,600
15485-25G 25¢ ¥81,300
(5)-3-(Boc-amino)pyrrolidine purum, =98.0% TLC

[122536-76-9]

52927-1G-F 19 ¥17,200
52927-5G-F 59 ¥69,000
(R)-3-(Boc-amino)pyrrolidine purum, =98.0% TLC

[122536-77-0]

56308-1G-F 19 ¥7,200
56308-5G-F 5¢ ¥30,000

4-Amino-1-Boc-piperidine hydrochloride purum, =97.0% N
[179110-74-8]

75578-500MG-F 500 mg ¥15,800
4-(Aminomethyl)-Boc-piperidine purum, =98.0% TLC
[144222-22-0]

50206-1G-F 19 ¥20,900
50206-5G-F 5¢ ¥81,500

(x)-3-(Boc-aminomethyl)piperidine purum, =98.0% TLC
[142643-29-6]

55787-500MG-F 500 mg ¥17,200
1-Boc-piperazine purum, =98.0% GC

[57260-71-6]

15502-5G 59 ¥16,500
15502-25G 259 ¥72,100
1-Boc-hexahydro-1,4-diazepine purum, =98.0% GC
[112275-50-0]

17759-5ML 5 mL ¥23,700
17759-25ML 25 mL ¥93,700
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Figure 1: Reaction in a glass microreactor at =100 °C.
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Figure 2: Our Process Development Team for SAFC Pharma in Buchs, Switzerland
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Figure 1: Knauer CSEP 916 Pilot SMB installed at Sigma-Aldrich.
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Figure 2: Simulated Moving Bed Principle
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