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Table2 Examples ofontinuousreactors forasymmetrichydrogenation

Flow (Pressure Residence :
Substrat Batch . Conversio
No. Catalyst . and Reactor Volume | time or flow ee (%)
e Condition n (%)
temperature) rate
A seri fh Tubein-tub 0.16
p | 7 Seres oThomogeneoth - ene 20 bar HOSINUBE =1 5 28 mL | 4299 | 5978
catalyst Reactor 0.25mL/min
30 min, 2 .
A series of homogeneou 10 bar 20-40°C, 210 A micro 1 min, 0.1
2 alkene ' ’ structured mesh| 0.1 mL R >96 31-98
catalyst and Pt/AD; conv: >98 bar contactor mL/min
% ee: 95%
[Rh(COD)§-
3 MonoPhos)|BR alkene 20°C, 130 bar | H-Cube reactor 3mL | 0.1-0.4mL/min >99 96~ 97
IPTA/ALO;
5 bar, RT, 1.6 mm
4 [Rh (CODRYPTA/ALO; alkene 79 min 1 bar, 28C H-cube reactor 3 1ls 9099 97
. . helicoidal singl 0.02 3¢22 mi
rhodium/chiral ka=1-2s 1bar, elicoica S|r.19 © Gee min
5 . _ alkenes 1 channel falling 0.35 (depend on 0-94 -7.6:99
diphosphines 20-70°C , . ]
film microreactor| mm= solvent)
6 Homogeneous or RT150°C, 20 + | LJ2 dzNJi 0.01¢9.99
heterogeneous bar gas/liquid reactor mL/min
continuous
Pt/AlLOs modified with G | Activate 20°C, 150 bar| stainlesssteel .
7 . . ) 30 mL ImL/min 80-95 8090
methylcinchonidine | d Ketone TOF: 900+H | tubular fixedbed
reactor
continuous
It I |
8 5¢ ass.emb ed meta alkene 3 bar stainlesssteel 0.05 mL/min 99 90-98
organic frameworks TOF: 97 #
tubular reactor
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Table3 Examples of diphasic reactions carried oypijpe-in-series reactors.
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A secondpart of the work described in this thesisintegrates hydrogenation and
dehydrogenation methods to assist in the control of diastereoselective reactions. There are
two strategies to improve diastereoselectivityr reduction of carbonybr iminecompounds
as shown inFigure15.%3 One methodappliesthe Felkinl YK YR / 2NY F3NI KL 9 Gy
0 NBf S JI Halogenéted carbonyl derivatives and silyl ethers) to predict the
enantioselectiveoutcome of thereaction The FelkirAnh rule states that ithere is notan
unusually electronegative atom on the carbon adjacent to the carbonyl, the largest group
prefers a conformation where it is perpendicular to the carbonyl. The medium and smallest
groups differ in their proximity to the carbonyl oxygand the (nucleophle) hydride will
attack the position that is neast to the smallest group Figure 15. If there is an
St SOGNRYSAIGAGBS | G2ty theddiboByNEheid & d slighticHaye. ae G S h
energyofthe€ " F FYGAO02YyRAY3I 2NDAGEFE A& NIGKSNI 263
carbonyl to make a new, lower energy LUMO (lowest unoccupied molecular orbital). What
this means is that th conformaticnal arrangementvhere GXand adjacent carbonyl group
overlapwitheachothek @ Y2 NB Tl @2dzNF 6t S GKIYy Fyeé 20KSNP ¢
configuration of the existing chiral centre is fixed, only one enantiomer is favourable, and it
might not be the desired isomer. Thus, the Ksgoured diastereomer under steric coot

(anti-FelkinrAnh) could not be obtained and consequently, the application may be limited.
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Chapter 2: The highpressure gadiquid slug flow reactor and

application in asymmetric hydrogenatian
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The acylation step of route C was optimized in baldte results are shown ifable 11.
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Raisinghe temperature and increasing the equivalent of:Bcaccelerated the reaction in
entries 2022, kut 30 minutes reaction time was stitto long forthe fReactor procesdt was
found thatusing5 mol% DMAP, the reaction time can be shortened to 18 minttaklell
(entry 24)from 5 hours(entry 21) The molar equivalence of triethylamine and acetic
anhydride vere decreased to 1.Without prolonging the reaction time in entry 26lowever,
it was found that the isopropanol left in step 1 can react with acetic anhydride and
chlorosulfonyl isocyanate. ltne flow reaction,10 eq.acetic anhydriden the presence of
isopropanolwas added to push the reaction tmmpletion The ©nditions ofentry 26 were
transferred to a flow reactor system consistingfioe fReactors irseries The ueation step
achieveal 100% conversion in 5 minutes with 1.1 eq. chlorosulfonyl isocyanate in batch and

the resulting medium was mixed with water for 1 hour to get theduct. 2 eq. blorosulfonyl
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isocyanatewere addedto the flow reactions to avoid the influence of the isopropanol and

acetic anhydrideThe residence time of the ureation st@ptubular reactowas 1 minute.
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Chapter 3: A horizontal microfluidics CSTR and its application in

heterogeneous and homogeneous hydrogenation

¢KS &afdA Ft2¢6 NBIAYS dzaSR Ay | YRAOINENBI Of 2 |
NBI OlGA2y 2@ CANBINSERI RMFBENSY OtiA2y GAYSE 6dzdz f
K2dzNARO YR GKSNBF2NB NBIdZANAY3I f2¢ Ff26 NIGSa
Tt206 NIRRH yatiKES ¢ FIAENYEKR2 DKY B ONER S yda {(KE yyRiagas
' KAIK 3l af 43 dARNINI QAROFINF SR NBIF OliAz2zy YSRA
o0dzi Ay YAONROKFIYyySftaszs (KAa OFy Gdz2NYy ¢F&f 2N Ff 2
GdzoS& Ay | YAONBNBIFOG2NI 3Si o0ft201SR Srairfte gKS
GKAOK fAYAGA GKS NIy3IS 2F NBIFIOGAZ2Yyad

¢CKS YAYALFLGAZNBE /{¢w O6FwSIOG02NDI | R26BIIAKY T | O/
YAEAY3ID ¢KAE | ff26a GKS Tt 260 NBLNHMAZWI (8B I2Qd8MN2
gAGK2dzi &f 2 6AY 8K KDY NBRAS RSYERSY Tidh YISy O R/R AAIBA 21ySH ¢
NEBIFIOlAz2ya Ay@2t gAay3 az2tAR OFGrftead 2N S@Sy LINEB
FOGADBS YAEAY3ID Ly (KAA 62N} X K2Y23SyS2dza YR K

aeaisSy RASSRP S & dz
o8B AOECT 1T £ %@bAOEI AT O

¢KS W5SaAdy 2F 9ELISNAYSYHQ 052 GKBWEOKYR |j dzS
O2yRAGAZYAad ¢CKAA A& | aditGAB{AOKE G LIENRBEK ( KS

Ydzt GALY @A FazOlipwWwE2dzat e G2 NBRdzOS GKS ydzyoSNI 27
dZ)/IQSN\Ef[lTJISWJP Ot A 2y a 0 B\ 5 éﬁél\w FV@\I-[jI\P&RQI-y()I-ffé aydag )/3 Bl NA | of
FLILINE F OK Ol i BIORY O & BEMERMILE NE DGA2YE 680688y

FNBE LINBaSyido



g

CA AWaNG y 1@ L2 BSAEIASTK NS 8 S a
529 ¢g2NJa o6& AYyAGALfte SELX2NAYy3a (GKS NBI OGAz2
2P NAY 0SSy & GKS RSaiAdy mEAI OSW3 ¢IKISHWNER H O KO 2AYA
02y aiNHzOG G(KSIYREEMAYSTE RSaG&@YW! AYl i KS ¥ GINDRSOW2RS
FTNRY NBadzZ Ga 2F SELSNAYSyida o0& O2NNBflIGAy3a (KS
Y2RSt @&FI2MB HotvHS RSaA3ady aLl OPY A a aKz24y o0St26 Ay

TN TN

9ljdzt pAZY

2 KSNB | NRJTOot+xS NW I dt SIS/ LRYVASTFAOASY G G(SN¥a

CNR2Y GKS YFOGKSYIFGAOFT Y2 &RKH NI (ot ASRS Ko VF OSREY |
YRz AYLRNIGIFYyd @FENAFofSa OFy o0SELNBXYBYRAAYA FK
02 Yy RA i K& y6o FRNii O2y RdzOGSR OFly 0SS LINBRSFIHSRG CAy
3N LIKKIGK AT S &l fofSeka B XR2MIK S O NAlofS&a G2 0SS Y2NB S
AYGSNIINBGSR: a ¢Sttt Fa ftft2gAy3a LINBRAOGSR NBa
0S SlIaArfeé ARSY(UATASRD® ¢CKABYRSGK2KAl t yRs AINBRA DA
NEFOGA2y O2yREGAZ2YA STFTAOASYylteo

¢ KSNB | NB T2 &M fIdMNIioNSATSBIf & SR RORAND ATR dzNJ LJF NI Y S
A& LISNF WEK 2I'g am nirkK:30Sem $ptp ARG T Y2RSE 6AGK NI G§KS)
ViAK26a Ly SAGAYIGS 2F (K&KE?dd &NB SLISBIEA O EN2 i KL
AAIYATFAOIYG Y2RSt | yR 3INSZRSINI G AyRA®DI F2NI RA ¢
Y2RSt LINRPofSYad ! @hfdzS f Saayili KY¥REDHIPNA YRS V& I
a4 GKS LINBASYOS 2F 2dzif ASNRZI |y WSLINRPNNBIR({6 AY 2ARIS
Ad GKS GFENRIFGAZ2Y 2F GKS NBLI AOIGSE O02YLI NBR s
g1 NNIW SR P



o8¢ WNOEDI AT O

R T Yy s T
I!b ¥ \“&:’ 3 v ’\,n 4

Figure44 Parr Hydrogenator (upper left); Flask with hydrogen ballon (upper right); Gas
pumpingstep of batch mode fReactor (lower left); Batcimode fReactor (lower right).
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Tablel5TechnicablJS OA FAOF GA2ya 2F t I NNE aolft22y¢é NBI O

Property ParrReactor & . | f t 2y ¢ fReactor
Reactor Volume (mL) 40-600 100 1
Maximum Working Pressuf@ar) 70 1 10
Temperature RangéQ) -10-300 RT -20-100
Material Hastelloy Glass PEEK

Check Valve

H, Syringe “

|— Check Valve

' .

Figure45Batch mode fReactor with hydrogen syringe (upper left); Batch mode fReactor
with continuous feeding of hydrogen (upper right and lower)
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Setup A

Liquid Inlet Pump

’_ Gas Outlet
2 |Pressun‘e Sensor|—|Check Valve |)[ _
----------- “ Liquid Outlet
Setup B

Reaction Medium

,— | Controllable Gas BPR |—> Gas Outlet

= ; | Pressure Sensor|% Check Valve |’[ }‘é] _><>7

Gas Liquid Separator Liquid Outlet

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

Schemed Twoset-ups ofcontinuous fReactohydrogenationsystems

Figure 48 shows two diagrams of components used to construct the continuous
hydrogenation systenfSetup A) Thecomputerand electronic board were used to monitor

the pressure and gas flow rate.
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Initially Setup A was used to try and obtain a stablelgasd flow. The residence time

rangechosen was 1480 minutes giving a liquid flow rate of 0.05 mL/min to 0.5 mL/min and
gas flow rates from 2 sccm to 100 sccm. SetwpaB notbuilt. When the gas flow rate was
more than 20 sccm under 6.9 bar, a pressure increasebdi& was observed ovéd minutes,

so gas flow rate was reduced to <5 sccm. When the liquid flow rate was varied, it was found
that there was a pressure increase for all flow rates used: 0.1 mL/min and 0.2 mL/min gave an

increase of 1 bar in 20 minutes, showrFigure49. When liquid flow rate was more than 0.3



mL/min, pressure increased more quickly and there were intermittent pressure releases as
the BPR opened andoseddue to the springbasedrelease mechanismConsequentlya

wavelike pattern was observedrigure49o
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e r=2.4,1500 rpm, R? = 0.996
3.0- * r=0.7, 1500 rpm, R? = 0.982

e r=0.7, 600 rpm, R%= 0.986 3.04
25 e r=0.7, 200 rpm, R? = 0.982

r=3, 1500 rpm (Parr), R* = 0.971

In(c)
k.a(s™)

200 600 1000 1500 1500 1500
rpm,  rpm,  rpm,  rpm,  rpm, rpm,r=3

Time (s) r=0.7 r=07 =07 r=07 r=24 (Parr)
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NO, NH, NHOH
10 bar H, , 10% Pd/C
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RT, MeOH, 10 mins
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INB] Intermediate Chemical Shift of 1H NMR

8.15-8.10 (d, 2H), 7.62-7.57
(t, 1H), 7.50-7.40 (t, 2H)

NS
N
INSB] — » ©/® . 7.90 (d, 2H), 7.70 (t, 1H),
AOB Nitrosobenzene(NSB) 7.65-7.60 (t, 2H)

I
l H, lHZ Phenylhydroxylamine(PHA) ~ 7-31-7.24 (m, 2H), 7.03-
e

1 Nitrobenzene(NB)

/@ 6.94 (m, 3H)
NHOH . 7.08-7.02 (t, 2H), 6.68-6.63
©/N‘N Aniline(AN) (t, 1H), 6.61-6.58 (d, 2H)

AB Azoxybenzene(AOB) ?ngZSH:;O (m, 2H), 8.16

Ha
H
NH, l /@ A AB 7.94-7.92 (m, 4H), 7.54-
Hy N\N zobenzene(AB) 7.48 (m. 6H)
-

Hydroazobenzene(HAB) 7.23-7.18 (m, 4H), 6.85-
[HAB] 6.80 (m, 6H), 5.56 (t, 2H)
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FNRY n NWY G2 wmnnn NLIY aK2g6ANEA GXKBD NSK D & 2NN
Oy aLISSR dzLJ GKS dzLJi I | St AR2IFdzAKR RANRESNGF Ho@A Aty O-NSBS 14
dzy AT2NY RA&GNAOdziAZ2Yy 2F &2f AR OLFLGlItead | yR 02
YFGSNAFf&a0od 2 KSy {KSnxANNY SR AFE/EBESHGRS dlyae BivdzNI
¢ KA A K2ga (GKS NONEMAYY Ki¥A GIR OKSRERNRISY VYI

QX

OKSYAOIE NBFOGA2Y NIGS® ¢KS FRaz2NLIIA2y 2F NBI

Q1

SO02YS (KS f2AR3yi ALNE &4 2N N&IlPa Hdp o0F NI YR NBIF G
GKS @AStR AYyONBFaSR Fa GKS AGANNAYy3 FTNBIljdSyoe
O2y OSYyiGNYiGA2Yy 2F Ke@RNRIASY Ay (G4KS NBIFIOGA2Y YSRA
2T NBI ®iIRSER NLY A 20/ 21 DdzALBNRYRIzOG S  Slj dzA £ A 6 NA dzy G
RANBDIARYNEF2NET Il a fA[JdAR Yl aa GNIyaFSNI NFGS
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¢l oMdSOND S y8IyHIPARA & EYRNE ISy A2y 2F yAGNROoSYT Sy

oy PSS RTINS o s ooy eld
35 1 10 200 22 <1 22
36 4.5 10 200 >99 <1 >99
37 1 30 200 27 2 25
38 4.5 30 200 >99 <1 >99
39 1 10 2000 1 <1 1
40 4.5 10 2000 16 2 14
41 1 30 2000 4 <1 3
42 4.5 30 2000 28 1 27
43 2.75 20 1100 36 1 35
44 2.75 20 1100 34 <1 34
45 2.75 20 1100 32 1 31
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C A ApizBBzY Y FANAG BS8zNI LI NI YSSAPRNES Rt wirdKdBy >n dvpc = Y2 RSt
GAFLOoAfAGE A& nocp FyR NBLNERIZOA GIAKRSY (L8 NX & y O pT o
2F  FICOOpMESRINSEN YL 20% KESAS f R OKI y3Sa gAGK LINBaao
f 21 RAKYSI WG AZ2Y OFy NBFOK KAIK 8AStR 068 AYyONBLI &A)
L B O2 yTONEHMRSERO2STTAOA &Y HazhRT KANBNA S GENFSS2E @y
f2FRAYI FyYR LINBA&AdNNBF{k/ 6SNB SNBt OFAAYABTATISY & |
AYAAIYATAOa GUdK F¢IK AGBK SWS GKS OFGFfead t2FRAY3I 41 &
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tim-
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MODDE 12.1 - 15/07,/2079 20:19:08 (UTC+1)
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A A s = e

Reaction time

Entry (min) s/ Conversioh(%) Phenylhydroxyamirfg%) Yield (%)
46 2 400 43 2 41
47 10 400 >99 1.0 99
48 2 800 21 3 18
49 10 800 72 2 70
50 2 600 23 4 19
51 10 600 98 1 97
52 6 400 76 1 75
53 6 800 40 4 36
54 6 600 52 3 49
55 2 400 43 2 41
56 10 400 >99 1 99
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OdH 2y G AYHA SR LIKI 840 K& RBRIISYG ZiMizy Ay

PaAy3a GKS 2LIAYIE O2yRAGA2Y&a ARSYGAFTASR AYy oF
SIOK FwSIOG2NpiGLAIBIRe TaAY RS (&L Dp NBF ONBNIOOG2 ¥ i
YSRAdzY d GKS fAljdzZAR A& o60f2¢gy GKNRBAdAK mKS Ol a0l
Y2RS®d | OO2NRAy3Ifex (GKS Olrdartead tf2FRAYy3I 41 a KI
f Ald2ANRk RA2d ¢KS AYyAGALIf KeRNRIASYIGAZ2Y dzaAy3 n

LISNKI LJA RdzS (229Gt AXAYV N2 DeiKiKSAE2t AR OF (I f &
SIOK NBIFOG2N) RSONBFaSR FNRBY nHoy ¥HSHRE wddl &S

NEBI OlA2y 2RSS monTiyds OF Gl fead 61 a& dz&ASR Ay SI OK
YSGKFy2t a2t dzindhy YRK2ANY T 28 BASM I {k/ NIGA2 27
Al omMgB @/ G NRISYHRYI 62 FwSEFOG2NAR 6SNB dz&aSR 6A0GK NBaaA
LS/ GNRISYVERE | Mky AYOK FNARG Ay | FSNNHA S 6+ a dza S
2F iR OWAR F2dzNJ FTwSI Oli2NE 6SNB dzASR 6AGK NBAaARS
GKAOK gta Fylt232dza G2 oFGOK NBFOGA2Yy (GAYSO®

¢l oMydS | QGA2y O2yRAGAZ2Y&E 2F KSGISNR3ISyS2dzA KeRNER:

. Total I
S/Cin . Liquid Reactor .
catalyst Concentration Reactor Residence
Entry  each . . flow rate Volume . .
loading (M) quantity® . time (min¥
reacotr (mL/min) (mL)
(mg)
57 400 2.8 0.5
2 0.2 3.4 4.3
58 80 2.8 0.1
59 400 5.6 0.5 0.2 8.7
4 6.8
60 200 5.6 0.25 0.1 9.7

[a] 1.4 mg catalyst (0.00066 mmol) was added in each reactor connected with a 100 psi BPR in the last reactor. Gas
flow rate was 5 sccnjb] The filter could lead to blocking, therefore 2 reactors were used in parallel, instead of 4
and residence time was shiened to 4.3 min]c] Residence time is calculated by deviding reactor volume by sum

of gas and liquid flow rate under 100 psi.
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NBIFOG2aRth 9yRNIcMYSNE SELISNR YIBKS ay deyo SM@AK NB I O 2
AYONEKIKEEERXRSY OS @FXNEal g8&NBKS2YI dlFfead 21 RAy3a
30102y OSHBA2NRBIRNEF OKER ' YR dpps FYR FNB KAIKSN
SSOUNRISERWAGK @ASEtRA 2F TP YR SmNRISGEENMI K S NI 2 NJ
aK2g GKS Y2NB FwSIFOG2NAR dzaSR Ay (KS adaeadasSvysz @K
GKAOK AYONBIGENS BNBR&OINRES R & & &iirkSBW ( INIBRIaRIZNS
adzNLJ 88 GKS &FFS 2LISNIGAY3I LINBaadaNBe ¢KS FwSEO
FIL AfdzNBE 200dz2NNBR o66dzoS FAUGGAy3Iao odzi G4KS al ¥S
adBYL GKS OFdrtead t2FRAYy3 gl & AYONBlFaSR G2 {«
ndnH YY2f KKOD
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¢KS NBadzZ Ga 2F (KSaS NBa@YiXI2ZNRT Sy AcyK\yS @2 \f @255 dz;
LINBRAOGSRYPEB D KBAY SIRKBOKE ODHZKASS FTAROOME OGA2ya
¢tKS NBKE2FASHWRRSAWSNB2KAIKSNI GKIYy GK2aS Ay o i
LINBaadaNBE 61l a KAIKSNI GKIY cddp 6FNE gKAES Ay ol ¢
0K G xy2 RS GRS FIvkSS Gill2YNS KRASY Sy aA2ya | yR YAEAyY3
YR Al Aa FSFHaroftsS G2 LINBRAOG GKS 2LIAYEHE Tt 2
NBI Olaz2zya (2 o0S3Ay ar@Sa OFGlrtead FyR &l NIAyYy3
¢ | oMoBS & dzKSI S REFIRRN2ES yH 8 a2y Ay

, _ Conversion Conversion -
S/Cin each Running Total  Productivity

Entry . _ in steady predicted by
I’h
reactor time (min) state’ (%)  model (%) S/IC (mmol/h)

57 400 60 75 58 2424 3.2
58 80 160 87 82 1679 0.83
59 400 100 88 99 2543 4.02
60 200 120 95 99 970 1.28

OIS Y2f NI NFGA2 085G6SSy adoalidd@StRy AYKS (8 IR@ G 2N ITHBR 5D 1
o8 G(KS I gSNI 38 8AStR Ay aiGSIRe FimESopyy yarAyFr2agSAgER 27
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¢ onfS2 Y LG KOER & dzi BFaw 2 BONI(RKNJ G K 270 83T NE K Rdzbss
¢ KSBSAKE KSwS I OG2N) dASRa G Sadzi OF OKASPSR Im aAYATLE N
Odzo S N$Ijd2ie®Na Nmnn Y3 OFrdGlrtead G2 FA{E my GKS O
CPH YY2fkKZ SKAPp &c TWEI OF enNd izd SRFRAMYy KDYy DOKS NBI & ;
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Conve o
Pressure Temperature . Catalyst  Productivity

Reactor Substrate
(bar) (°C) (%) Loading (mg (mmol/h)
0
fReactor
nitrobenzene 6.9 295 75 2.8 3.8
(Entry57)
fReactor
nitrobenzene 6.9 295 88 5.6 4.02
(Entry59)
L 140 (10%
H- 680 - [ 1 2 7
cubd 5-nitroindole 98 959 PAIC) 3
2-nitro 150 (10%
H-cubé!1? 10 303 >09 1.8
cu benzamides Pd/C)
4-nitro-1,8
H-cubg!!d naphthalic 10 313 98 140 6.2
. (10%Pd/C)
anhydride
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Table21 Hydrogenation by Ru(OA(BINAP)

Pre . Conversiof  eé?

Entry substrate Catalyst ressure Time (h) versl
(bar) (%) (%)
61 (B-17 (R-C.1 6 4 15 93

62 (B-17 (R-C.1 1
(literature)*1%d 19 >99 96
63 @-17 (9-C1 6 4 23 27
64 @-17 (9-C1 6 7.5 31 29
-17 -C.1

65 % S 4 20 >99 5

(literature)*1%d
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Entry substrate Pressure (bar) Time (h) Conversioh(%) e€e? (%)
66 (2-17 9 0.5 >99 63
67 (2-17 3 0.5 0 N.A.
68 (2-17 (Parr Reactoy**" 9 0.5 85 60
69 (D-17 (literature) 30 0.2 >99 47
70 (B-17 3.5 1 24 96
71 (B-17 6.3 0.5 80 96
72 (B-17 9 0.5 >99 96
73 (B-17(literature)*°9 2.8 24 >99 94

[a] Conversion and ee is determined by Gas Chromatography.
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Liquid Reactor

Entry Substrate S/C ng;z;z?:c()&)c ;zue;i?g flow rate Volume t::::ji?riir;cye
(mL/min) (mL)
74 (@17 100 0.1
4 0.2 6.8 10.3
75 (®-17 50 0.05
76 @-17 50 0.05
77 2-17 50 0.05 10 0.1 17 29.4
78 -17 50 0.2 10 0.05 17 32
79 (EY17 50 0.2 10 0.05 17 32

wleKS NI GA2 06S06SSy &adoaidNFGS Ay GKS NBFOG2NI FyR OFdGltead
n & @oMePa A RSYOS (AYRADANSDCHIGH [ARSRIzYoSe 68 &dzy 2T o3 & | yR A
o MK

¢ oHingS | ONDE 2zf1a & YY BE RNPIASYyT 8a2y Ay

Entry tiil;n(r::;g) Conz;zr)sioh ee? (%) Pre-activatior? R:tre(:)((jrl;?:glr/]h
74 120 <1 N.A. No 0
75 120 10 71 Yes 0.06
76 120 <1 N.A. Yes 0
77 200 16 N.A. No 0.048
78 260 88 N.A. No 0.53
79 180 93 98 No 0.56
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Residenct Pressure  Yield Productivity
Reactor Substrate  Catalyst . : S/IC
! Y5t time (min)  (bar) (%) (mmolih)
fReactor In-situ Ethvk
@-17 PUEIYE 5 6.9 88 50 0.53
(Entry78) DuPhosRh
. (2-methyl In-situ
Micro-mesh
Reactof’ acetamido  Methyl- 10 2 31 100 0.02
cinamate DuPhosRh
(-methyl
H-cube .~ [Rh(CcoDy
acetamido 1s 1 >99 1/360 0.3
Reactol68d . ! PTA/ AIO;
cinamate
Tubein- Trisubstitu  Irdium
. 20 >99 40 3
tubel®2d ted olefins  catalyst
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Chapter 4. Continuous hydroformylation in microreactor
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