1 METHOD FOR GRIGNARD TYPE REACTIONS IN MICROREACTORS The present invention
relates to a process for Grignard type reactions comprising mixing at least two fluids in a
microreactor. 5 Grignard type reactions are very impottant reactions in preparative chemistry. hi
general, a Grignard type reaction is the reaction of compounds of formula R'-Mg--X or 10(Il) wherein
Rt is selected figinthe)prpoR ORENARD B RYplealoNsiemiiCRERBA cryrsd aralkyl, and
wherein X is a halogen atom selected from the group consisting of chlorine, bromine and iodine, with
a compound of formula R2-X(lll), 15wherein R2 is alkyl, cycloalkyl, alkenyl, alkynyl, aryl and aralkyl,
and X is halog@lhg preadthiaveotiop oclaigscortpiniags opOiagnaTdtpreastonfieeCRIGIEENKIEN! C=S, N=0
and S=0. The ¢ompoyad:ef forpla lds.galled the Grignard reagent. Other uses of the compounds of
formulae | or Il are the exchange of halogen atoms of boron, silica, tin or antimony compounds or the
preparatiof of highly reactive Grigmard compounds which are otherwise 20hard to obtain.
Performing Grigrighdrieast eisticaigesiag] enpictantmesetisrns idipciosedvinckmitty2BEg24ral he
disclosed method I not applicable Ig ISIKRL Scale,ipsiofyRSA persistent aim of the cheical
industry is to constan mprove and control chemical reactions. Greater control over reactions may
lead to, for example, inifslrd‘&érﬁ%nts in safety, increase in reactfoh product yield and/or purity, or the
isolation of valgable highly reactive intermediate products. In particular, greater control over reagent
mixing, fluid flow, heat inﬁ%%purcing and catalytic efficiency is desirable. 30 A general method
which pro\ﬂdes such im%r_ &d control over reactions would the(r fore be advantageous. Particularly,
methods for pevlemeimi éxerleetadhitore dutigrounsdasitinacefelilaceeeadibalkeanhalupslsstyht-for. 2
According to the present &HH‘%&H&PM&%%iﬁanf%éﬂQ%a&moﬁa&ﬁ@mmwai@iﬁ@m&imaction
comprising mixing at least two fluids, one of the ?rgeast two fluids comprising a compound able to
react with a GrigARFFEEgedif Wik fgRPIYYHE L8h (15' reactant) and another fluid comprising
a Grignard reagent (2nat*eactant), and optionally further fluids (B8id 5mixing taking place in a

microreactor (6),compyising af lea f t I f t least twi fligids (AN gemprising
either theci tt o?zg‘ederlé%:tefrigtl}(g ﬁﬁé&@étﬁ%@é%ﬁ%&%%@%%ﬁ&% réglgction re%lélons {)2\%5 each
i t

reaction regiorcemnyrdisRNEMRGEGIRIA FBIPLS PR e tie Dt e b ie HRE APhaP B uids (B)
comprising eithgnthsu<d of thenlial ieastientha Grixiagizene (@ Dihevtiehohhaddmastuidioofluids contact
each other and.a reactjon zone (5), 10and wherein the microreactor.optional (des one or more
additional residfgﬂﬁlé%[ﬁ#\ VO 6%e%?’§%18“ \%/%cgrg?rgoﬁ‘nerég%nrﬁgfﬁgr %’nséi 18%’)&%%%; et%;sl%}évg?/o fluids
comprising eithemntpeimid oo t2mdepestieme Bhigityistasti e s gtrsdcampannds sibich as MBFHHE of the at
least two flpids,gomprising. either the 2'd or I reactant is injected into said first flow at least at two
injection points (3) along said flow path(s) (1) in a way such that at each injection point only a fraction
150f the amount necessary to reach completion of the Grignard type reaction is injected. Usually the
expression "mieeckeatigsipnsed deforiensenntg sinvglichireaotinersisldintsdidnd Birkd A8RIAE. The

(perpendiovlar i yac o dieiap) b dARA0MISEAIDGHGAScABR ss. 20The expressior

"necessary to reach completion of the reaction” means the amount which would have to be added to
reach "theoretical" completion of the reaction for example in a single vessel. In a simple 1:1 reaction
stoichiomgiry thipauasistheesiuimelamamaumis e dShieatianipike: Billdasolrvheastidn (xvi) below
depending on the desired ploduct onis. Mo i ilee Malpleuvalsie L QURALIsARRN! bealing
one -MgX groulSare Hecessary to' 2ocomplete the r action. In the case where the Grignard reagent
comprises twoisvhgXairowpsias profusicticld Godidy batisy ehbnirsiaiereivaletls Signs wactfeactant are
necessary for (i\f?ﬂg}mgtﬂgt@-products. In particular, greater control over reagent mixing, fluid flow, heat

sinking/sourcing and catalytic efficiency is desirable.

30
A general method which provides such improved control over reactions would therefore be

advantageous. Particularly, methods for performing exothermic reactions in large scaleina

controlled manner are sought-for.



The most important use of magnesium in preparative organic chemistry is the reductive 30 formation
of Grignard compounds from organic halides with umpolung of the halogen-bearing carbon atom. In
magnesium organic compounds or Grignard compoufds the carbon-magnesium bond is strongly
polarized and the carbon atom attached to magnesium carries a negative charge. Suitable Grignard
reagents for reactioding thénvressivavaatibothareicproyidedimahda faidardn@oR aNgdR{H) wherein le
s selected frop s ataupeansisineql Ak yslaalkyh.AkgRY Al vl sand arall, and

wherein X is a halogen atom selected from the group consisting of chlorine, rosrtnPrllrleSlgﬁ iodine. In a
preferred embSUPRICR RS 95EH éthp SGisaaed rerasnhanaSrigaard binesrestinmble reasiantiond Grignard

compounds candkestoredaspsisal Anmppadnegaf iordadim)did syishimystheakeryilibhum.
Depending on the substituents the equilibrium in shifted.more to one side. Both compoupds may be
used equigalent %%%?f?&n&f 12‘8%1‘6&?# S OfF ?oorrrﬁ%}lﬁom?ag%gﬁﬁﬁtroena?cf?()s%%t rgtﬁgﬂr gﬁfbf& fhds of
formula . In a$rensiied Brilsddihsemptisinseithenter i aydhit reraipwsostidif dwoaoi(m ovephigng groups,
being connectadsthivruehcannliagahs pranabetb s ATROY iR GIRUY a%@ﬁ;%@ils}g]k\sirﬁ%ﬁff@{‘d
hereinbelow CQm(Pounds f formula | mi%/ alsoﬂrip_resent for example compounds of formulae 15
XMg-Q-MgX (IS5 BV g‘-’-?t?‘i\ﬁb SHy HE R RceraR s thaetied ToiiiHe BASHR:
consisting of di-wkixi/zdent4)ydmdakitbnanicisties, fuidh casteyciadlkdre spatkenytioalkysaryl and
aralley! agdefigad AbRuPHYISIGIAGNG MR AIFBISIRASD ANSRBIFRlacRA IR he respective

number of -MgX groups. 25 Each of the abovementioned radicals may optionally carry further
functional grolfpleY BRfhEhSIIL tb sudrsihed ane oty lersidip Buida wmpsisasigifiaidhype veaction
conditions. Anatingactie estatiisipe uritts: dbfo sl heh QR 2hX Gtir vikasein: RAdssalsgtedSrom the group
consisting of 0 Ikenyl, alkynyl. aryl.and .aralkyl, is halogen as well as
compounds c?):lﬁ)br@{r% %%Iglr%n?orgégo é%{ %&fﬁ%@ B%%%lsn?l %l&i%q E"—W@"gg IQIt t?f%g’ﬁﬁtéﬁland S=0
or compoundPPiEtikY AereibHevarahddiparaae srehdhat atsashlimitstianpeiot enthaGrigherd
reagentsiin a 6HiBNAdINARCERSHOD AAchCamRedser Beenising iojbgmaihad glig present
invention. Compounds comprising a polar multiple bond as defined above can be selected from the
5group consisting of carbon dioxide, aldehydes, ketones, carboxylic acid halides, esters, irnines,
thioaldehydesUshidlydtsreapressibitiimastersct G in powhids avitican widtiv atediby dohgas asedor example
carboxylic acid@hsa RIS CATADGONS, PLIBAIEUFLRSY: RISING,UNA.GL I groups. L0Here
and hereinbelow the term "alkyl" represents a linear or branched alkyl group. By using the form
"Cl-alkyl" the alkyl group is meant to have 1 to n carbon atoms. C1_6-alkyl represents for example

methyl, ethyl, Tirepybrésamicpytesuty toisabh ydmpaaibuibrkhenrabisy’ memiyirancbaiybnivn "alkyl” group
Rlin formula lx)&ﬁ‘é( R VeI rr%a%‘ﬁI d{ﬂgor}gtlic_:!a\{l gé)rg{)?eltlgrsl'of the reaction for example in a

single vessel. In a simple 1:1 reaction stoichiometry this would be equimolar amounts. For a

1% reactant like BCl; as in reaction (xvi) below depending on the desired product one, two or
three molar equivalents of a Grignard reagent bearing one ~-MgX group are necessary to

25 complete the reaction. In the case where the Grignard reagent comprises two -MgX groups as
in reaction (xviii) below two molar equivalents of the 1% reactant are necessary for

completion.

The most important use of magnesium in preparative organic chemistry is the reductive

30  formation of Grignard compounds from organic halides with umpolung of the halogen-
bearing carbon atom. In magnesium organic compounds or Grignard compounds the carbon-
magnesium bond is strongly polarized and the carbon atom attached to magnesium carries a
negative charge. Suitable Grignard reagents for reaction in the inventive method are

compounds of formula



15 Here and hereinbelow the term "cycloalkyl" represents a cycloaliphatic group having 3 carbon
atoms or more. Cycloalkyl represents mono- and polycyclic ring systems such as cyclopentyl,
cyclohexyl, cycloheptyl, cyclooctyl, adamantyl or norbdmyl. A cycloallcyl group Rl in formula | may
carry one or more additional -MgX groups. 20 Here and hereinbelow the term "alkenyl" represents a
linear or branched radigd-bgating a C=C double bond, optionally, substituted with one or more
halogen atomsofr;md/or optionally substituted C1_6-alkyl, C1.6-alkoxy or di-C1.6-alkylamino groups.
Examples are ethenyl, 1-1propenlyl, 1-butenyl, or isopropenyl. An alkenyl group RI in formula | may
carry one or 25 more addité#rdt -MgX groups. Here and hereind®low the term "allcynyl" represents a

linear or branchggdreaical baatink Be driple doasstiuifmaly subslitytedketih anengt, more halogen

o Bl R S OrBl e SR SO RO ARG BFOHRREXOMPles
are ethyny?, 1-50 pro hyrll, 1-butynyl, T—pen ny'il. n aﬁyny group Rl formula may carry one or
more additionardubip¢ grd igeknd-bre pmtimest eintsatioverttreGaererd ppmpepnd sé fpsmatadieptatic group,
preferably phepylier Haphitwd RiRaty Heindfpieis uhstie LAl s Qe CinpeiRdi dloganuaioms
and/or 5 optionally substituted C14-alkyl, C1.6-alkoxy or dkCl.G-alkgdan%igo graups. An Ii;l@/ldgroup le
in formula | malFRAIRPENELIERE SEEEHA RGPS e A RS BRI e M Dralkyl”,
represents an Gidre3cadkylsgio By oefiredainay be bsubstitirtdehtlyiththoughydoomatdsydffroiatia
selected [pm t{i:%e%%%g,?9£§§5@&%£Q%womgm1n{w@yl, thienyl, benzo[b]furanyl,
benzo[b]thienyl, Said aryl or hetaryl moiety optionally being substituted with one or more halogen
atoms, amino groups, and/or optionally substituted C1,6 alkyl, C1_6 alkoxy or di-C1.6-alkylamino
groups. An araikylgeasdedbdanmuat st ta i anat day oset st diiooahdwgX1giogpapd 0 Here and
hereinbelow the term "alkoxy: represents a lineat or branched.alkoxy group..B in form
"Chn-alkoxy" thgué%l?%%%)éytl}g?nggﬁ? Egﬁ/ﬁﬁgrlafg r?({c%rrﬁ%rﬁog S%ﬁcsgr %6}}& %gi(ly lgbﬁr%gs%e%‘as for
example methdsieinitloxycompprnds o tprapokipaatexyeresseritixexsaphtenporads vi foyuisentyloxy
and hexylgxy. 15 Here and hereinbelow the term "cycloalkoxy" represents a cycloalkoxy group
having 3 carbon atoms _or more, Cycloallcyl represents for example cyclopentyloxy, cyclohexyloxy,
cycloheptyloxy, cycloo%&ﬁ%lodecyloxy. 20Here and he@ghbelow the term
"di-C1_6-alkylamino" represents a dialkylamino group comprising two alkyl moieties independently
having 1 to 6 carbon atoms. Di-C16-alkylamino represents for example NN-dimethylamino,

IV ,N-diethylamino, N-ethyl-N-me ino, N-methyl-N-propylamino, N-ethyl-N-hexylamino or
N,N-dihexylamino 250ften the pyimary reaction product of a Grignard type reaction is an
intermedigge which carrist ample a -0-MgX or -S-MgX gr@up. Said intermediate is converted to
give the desired reaction producy after solvolysis, such as hydrolysis. Reactions (i) to (xviii) depict
preferred embodiments of GrignavigXeactions and reaction 30sequences to be performed in a
multi-injection Attty dike whaeadRding!rsteddrpretierironaeradistingsf diaetiniyaen hyfedRoagent of

formula | or Il, whereinsRdaRd s isisarslafiead abeys1with acarmroLadiefdediudeeRBerdHl), 6
wherein R2 is as defined aboye and X is halogenl, wherejn the halogen in omPoHlngis of formula |
Jé%) 8? Wﬁt —MgX groups.

and 11l may be e S4HEBIEREHSSEARTB R RSy number o

25
Each of the above mentioned radicals may optionally carry further functional groups not

being able to react with the Grignard compound under Grignard type reaction conditions.

Among others compounds of formula
30 R>-X ’ (1ID),
wherein R? is selected from the group consisting of alkyl, cycloalkyl, alkenyl, alkynyl, aryl
and aralkyl, and X is halogen
as well as compounds comprising one or more polar multiple bonds like C=0, C=N, C=N,

C=S, N=0 and S=0 or compounds having at least one activated hydrogen atom are able to



5wherein Rl and R2 are as defined above, are obtained. (ii) By reacting a Grignard reagent of
formula | or I, wherein Rl and X are as defined above with (a) formaldehyde, or 10(b) an aldehyde of
formula R2-CHO(V), wherein R2 is selected from the4yroup consisting of alkyl, cycloalkyl, alkenyl,
alkynyl, aryl and aralkyl, or (c) a ketone of formula 15R3-CO-R4(VD, wherein R3 and R4 are the
same or differesactamtibape guiusbreagdntrinthErigoarp tpaststitien ehdlep beystdakéodrdiiganyhealkynyl, aryl
and arallcyl, prigged.c3ecopdany: aiddgstiary alcohols of formulae (a)RI-C112-011(VIl), 20
(b)RI-CHOH-R2(VIII), and (c)RI-CR3R4-014(IX), respectively, wherein RI, R2, R3 and R4 are as
defined above, are obtained. 25(iii) By reacting a Grignard reagent of formula | or I, wherein Rl and
X are as defin€dnglvovdswitinodioga pldst challidelbood ivaléditradtiory o aetsbd ssiybie bftds e formula
RI-COOHX). JORISIRAR A7 AR{IeH AbaYSIaen, 4, BUSFAC &;%E'QH?E%E&QQQE(Q formula | or

I, wherein Rl and X are as defined above 30with’a acetyl halide of formula R2-COX(X1), wherein R2
is as defined dB8E; hirddrhersi thiqkesenstisnd thiessifse orrmams ith@rstrisdhviremen-Rr2(XII),
35wherein Rl pndRamnseabasfined®beemisooiainading i Bykeatinga GHgnithreagent of
formula | or I vygerelilnSR' and X are as defined above with a formate of formula HCOOR2(XIII),
wherein R2 is as gefined above, 5depending on the reaction conditions (a) an aldehyde of formula
RLCHO, wherein R1 is as defined above, or (b) a secondary alcohol of formula

10 Here and hereinbelow the term “alkyl” represents a linear or branched alkyl group. By using
the form “C_,-alkyl” the alkyl group is meant to have 1 to n carbon atoms. C;¢-alkyl
represents for example methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl,
pentyl and hexyl. An “alkyl” group R' in formula I may carry one or more additional -MgX

groups.
15
Here and hereinbelow the term “cycloalkyl” represents a cycloaliphatic group having 3
carbon atoms or more. Cycloalkyl represents mono- and polycyclic ring systems such as
cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, adamantyl or norbornyl. A cycloalkyl group
R' in formula I may carry one or more additional —MgX groups.
20

Here and hereinbelow the term “alkenyl” represents a linear or branched radical bearing a

C=C double bond, optionally substituted with one or more halogen atoms and/or optionally

substituted C;_¢-alkyl, C;.¢-alkoxy or di-C,_¢-alkylamino groups. Examples are ethenyl,

1-propenyl, 1-butenyl, or isopropenyl. An alkenyl group R' in formula I may carry one or
25  more additional -MgX groups.

Here and hereinbelow the term “alkynyl” represents a linear or branched radical bearing a
C=C triple bond, optionally substituted with one or more halogen atoms and/or optionally
substituted C, ¢-alkyl, C;.¢-alkoxy or di-C¢-alkylamino groups. Examples are ethynyl, 1-

30  propynyl, 1-butynyl, 1-pentynyl. An alkynyl group R' in formula I may carry one or more
additional -MgX groups.

Here and hereinbelow the term “aryl” represents an aromatic group, preferably phenyl or
naphthyl optionally being further substituted with one or more halogen atoms and/or
35



R3-CHOH-R2VIII, 10is obtained. (vi) By reacting a Grignard reagent of formula | or Il, wherein Rl and
X are as defined above with a carboxylate of formula R2-COOR3(XIV), 15wherein 122 and R3 is as
defined above, depending on the reaction conditions (&) a ketone of formula R3-CO-R2(XIl), wherein
RI and R2 are as defined above, or 20(b) a tertiary alcohol of the formula RI-C(R2)2-0H(XV) wherein
R1 and R2 aregpsislefipedvatind, ds chkgined,-2&bxpdréteresiemhatimenpthenasthadus Riseful for

the preparation of triphepylmethanol from ethy] benzoa d phenylmagnesium bromide (vii) By
reacting a Grigﬁaé)éﬂ%gg%}%%yo?ﬂrﬁﬁgﬁ rg(r)rl‘ié\é/fv%%é(r)gfr? RI %%ngrg?l g%é as defined above with a nitrile of

formula R2-CN(XVI), 30 wherein R2 is as defined above, a compound of formula 123-CO-R2(XI),

wherein Rl andj@2 e recapinsdmbeme «ismbirinepkesenttil )BY RACkREp: Sléginaddyeagent of
formula | or II, wher_ein(ﬁl nd X are gs defined abo etw't and'lmine of formula %l}é ZQ:NRS(XVII),
wherein R2 andP R4 3B R ARA B TE o thn S RS S TS S B R EeN é‘l 11), wherein
RI, R2 and R3 mughthsdbfimed, alb@vé,ﬁgl@b{ﬂdjﬁumﬁ(ih?@ﬁb@awmg aiGeaiyharbctengewicy formula | or
Il, wherein RI and X ffpwes S6liRat_B NS Wil LA aHLTDLX bemE SAMPHRSOLITR YA SLRXVIIN),

10wherein Fe is as defined above, is obtained. (x) By reacting a Grig\gnard reagent of formula | or I,
wherein RI and¥essiateClefied Shotkasrdirrsal HATHBO B WIS ST RIESER 1%, 15wherein
RI is as definetoahoMd,napbiainat. of xipi démohal-dMeXigrags.reagent of formula | or 1l, wherein RI
and X arg as defined above with ethylene oxide, a compound of formula

Here and hereinbelow the term “alkoxy” represents a linear or branched alkoxy group. By

using the form “C,_;-alkoxy” the alkyl group is meant having 1 to n carbon atoms. C;.¢-alkoxy

represents for example methoxy, ethoxy, propoxy, isopropoxy, butoxy, isobutoxy, sec-

butoxy, tert-butoxy, pentyloxy and hexyloxy.

15
Here and hereinbelow the term “cycloalkoxy” represents a cycloalkoxy group having 3
carbon atoms or more. Cycloalkyl represents for example cyclopentyloxy, cyclohexyloxy,

cycloheptyloxy, cyclooctyloxy or cyclodecyloxy.

20  Here and hereinbelow the term “di-C,_¢-alkylamino” represents a dialkylamino group
comprising two alkyl moieties independently having 1 to 6 carbon atoms. Di-C_¢-alkylamino
represents for example N, N-dimethylamino, N, N-diethylamino, N-ethyl-N-methylamino,
N-methyl-N-propylamino, N-ethyl-N-hexylamino or N,N-dihexylamino.

25  Often the primary reaction product of a Grignard type reaction is an intermediate which
carries for example a —O-MgX or —S-MgX group. Said intermediate is converted to give the

desired reaction product after solvolysis, such as hydrolysis.

Reactions (i) to (xviii) depict preferred embodiments of Grignard reactions and reaction

30  sequences to be performed in a multi-injection microreactor according to the present method.

(i) By reacting a Grignard reagent of formula I or II, wherein R' and X are as defined above

with a compound of formula
R%-X (1ID),



R1-(CH2)2-011 wherein Rl is as defined above, is obtained, 20(xii) By reacting a Grignard reagent of
formula | or I, wherein Rl and X are as defined above with thionyl chloride, a compound of formula
(R1)28=000C1), wherein Rl is as defined above, is obtained.  (xiii) By reacting a Grignard reagent
of formula I or I, wherein Rl and X are as defined 25above with (a) a phosphoryl halide, or (b) a
phosphonic acitietéfraRdés of fisfinedatiR2eROXX(X Xalpgerh erfeiriR thahaogds iasetepmvedsatfove, or 30(c)

a phosphinic ggig halidg Liifermule REBIR DX, 9 wherein R2 and R3 are the same or different

and are as defined abgve, and wherein X is as defined above, by substitution of the halides,
phosphine oxi&‘EEPBP’?SFrﬂﬂfalé“(ﬁﬁ(R1)3P0(XX|V), 5 (b)(102R2p0(XXV), and (c)RIR2R3p0O(XXVI),
respectively, wherein RI-R2 and R3 are as defined above, argl®htained. The method is particularly

importantfor t&ﬁe@éﬁﬁ@rﬂi’ﬁ%y&??g Qg;gmg’ear%ggtginleg (xiv) Mixed phosphine oxides can be
|

obtained in a two stage process by firstly reacting Grignard reagent of formula | or 1, wherein Rl and
X are as defined above with a secondary phosphite of formula (R20)2PHO(XXVII), 15wherein RI is

as defined abeyeRja@bie@LGMPAH QbR BNEIRI 2P AMEI(SEX R thavhaeis Rfiaackdonse as
defined above %Qd secondly reacting the compound of formula XXVIII with a compound of formula
R2-X(lll), 20 w‘}ﬁerein R2 and X is as defined above, to obtain a compound of formula
(R1)2R2PO(XX®), whemeldeRidanet R2 are as defined above. In a preferred embodiment of reaction

sequencg)(xiv@bghe ;g%qig{g&eo@mgnd of formula Ill
R*-CHO V),
wherein R” is selected from the group consisting of alkyl, cycloalkyl, alkenyl, alkynyl,
aryl and aralkyl, or
(c) aketone of formula
15 R*-CO-R* (VD,
wherein R? and R* are the same or different and are selected from the group consisting
of alkyl, cycloalkyl, alkenyl, alkynyl, aryl and aralkyl,

primary, secondary and tertiary alcohols of formulae

(a) R'-CH,-OH (VID,
20 (b R'-CHOH-R? (VIID),

and

(c) R'-CR’R*-OH (IX),

respectively, wherein R!, R?, R® and R*are as defined above, are obtained.

25  (iii) By reacting a Grignard reagent of formula I or I, wherein R' and X are as defined above
with carbon dioxide leads to the formation of carboxylic acids of formula
R'-COOH (X),
wherein R' is as defined above.
(iv) By reacting a Grignard reagent of formula I or I, wherein R' and X are as defined above
30  with a acetyl halide of formula
R>-COX (XD),
wherein R is as defined above, and wherein X is chlorine, bromine or iodine,
a ketone of formula
R'-CO-R? (XID),

35  wherein R! and R? are as defined above, is obtained.



25in the second step may be performed (a) outside the microreactor, (b) in a second microreactor or
(c) in the same microreactor as the first reaction, the latter in at least one "next" injection point after
formation of the compound of formula XXVIII. (xv)By reacting a Grignard reagent of formula | or
II, wherein Rl and X are as defined above 30 with a compound of formula R2-SiX3(XXIX), wherein
R2 and X are gs)definactiape\@igarapeigaasod fdanmb boRIRAsps( K X%} XR1) 2RESncdasAly, 10
(121)3R28i(xx“>,(1m %Qr%g?eirg ﬁgn%%aand X are as defined above, are obtained. When carrying out
the reaction to reac“h completion compounds of formula XXXII will be the 5main product. The method
is especially suitable foHﬁ@ﬂ?ﬁégnesium halides, preferably anfifd8§nesium bromides. (xvi) By
reacting a GrigpaéebrerURRAL aifasasiaeor I, wherein Rl and X are as defined above with compound
MXm, whereinfl\/l IS .electeg from.the group consisting of a metal from 10groups 3 to 15 of the
periodic table | %‘?ﬁ%‘?ﬁﬁ BB %feﬁ?ltbof}v%%‘ "% is as defined above and m is an integer from 3 to 5 and
corresponds to the valence of the metal M, a compound of formula Xm_nM(RI)"(XXXIIl),  wherein
M, RI'and m aygas gefinad abavenand WDereH et RPANdsiIadheaBeuat of 15exchanged
halogen atoms X, or optionally after hydrolysis a compound of formula (110)",,M(RI)"(XXXIV)
wherein M, RI,(F afdsraidra2isehrled S58V8 are obtained.  (xvii) By reacting a Grignard reagent
of formula | or Il, whereki-RE1-X are as defined 20 above witil, compound of formula (XXXV),
wherein F\I’(l) is as dn‘%f%ﬂgéj. above, a further Grignard reagent of formula RI- CC-Mg-X(XXXVI), wherein
Rl and X are as defined above, is obtained. 25 (xviii) By reacting a Grignard reagent of formula MgX
A(XXXVII), 30MgX wherein X is as defined above, A is a group -(CH2)"-, and n is an integer equal to
or greater tharndy By feg@htPa-GlibAuRt ClaldenV T Br@iNG AIGAFRAEKCHE HIOKHS 40défTiRg Akon
atoms, with a co.rﬂpouq)d 0 forgr%ligla LrgMXZ(XXXVIII),

with'a carboxylate ormu
R’ -COOR? (XIV),
15 wherein R? and R® is as defined above,
depending on the reaction conditions
(a) aketone of formula
R'-CO-R? (X10),
wherein R! and R? are as defined above, or
20 (b) atertiary alcohol of the formula
R'-C(R%),-OH (XV)
wherein R! and R? are as defined above,

is obtained.

25  In apreferred embodiment the method is useful for the preparation of triphenylmethanol from
ethyl benzoate and phenylmagnesium bromide
(vii) By reacting a Grignard reagent of formula I or I, wherein R' and X are as defined above

with a nitrile of formula

R>-CN (XVD),
30  wherein R? is as defined above, a compound of formula
R'-CO-R? (X1,

wherein R' and R? are as defined above, is obtained.



11 wherein L is a ligand selected from the group consisting of 1,5-cyclooctadiene, carbon-monoxide,
and arenes like benzene, p-cymene or pentadienyl, wherein in is an integer equal to or greater than
1, a compound of formula A SMLM(XXXIX), wherein #, L, A and m are as defined above is obtained.
In a preferred embodiment of reaction scheme xviii) in compounds of formulae XXXVII and 10XXXIX,
A is a carbocy(wiiid) My éiatiiR <CHiZ@H re@idtt OHo@rula Cot L CHRrejvienslXeachs B6fimgl may contain
one or more fgg%rmgi%@}%%mﬁ alkyl or alkoxy groups. Thus in a further preferred
embodiment of reaction scheme, (xviii), (115-05H5)2MCI2 is reacted with  CH2MgBr 20CH2MgBr to
give a metallacyclus of FohThR 25wherein M is Ti, Zr, Hf, Nb.(ﬁi\&I ‘and Fig. 2 show two examples of
feeding a flowwhativdtions bjeetiandphiietsate e flovsApolihé ahformrgactor (6) in Fig. 1 comprises one
flow path g/vith three injﬁc&'{zg@_ ihts s the microreactor (6) in Fiqﬁ(%l)comprises two flow paths each
having three injection points. There 30 may be more than two flow paths present, as well as more
than three injecisRibBIRE i#neB2Arandphinrd Torrs; ihebBirtdeactant may be fed at the injections
points to a firgfhosy eanenrgtediniine Haieneontorsing hiall iaastank' A aR acaapRicabpeint of
view the more e (?n%iv.e and/&)r more rea%tivfefrea(itant is advantageously fed to the first flow
comprising th&'c egl‘bg?‘énﬁﬁfcl)rﬁe%goﬁme%%lfﬂleoregg?élna[. In most cases the Grignard reagent will be the
more expensive 35andiodinore reactive reactant. 12 Furtherr@éYéllthere are no structural limits
regardingythe {ieCHOR NORIGANcaMyIRDiZ8Bemand/or the reaction zones. Only for the reason of
better understanding of the parts of the microreactor used in the present invention the microreactors
in Fig. 1 and Fig. 2 are depicted as a linear strung-out hollow space. Nevertheless, the flow path(s)
(1) may be toxit)distydoting SGaihadveagentiof fartnita itheliiycenethiiRe rardt Xnixing ddined aostéor
reaction Zone%ﬂ?gﬁfﬂf,’gl%}ﬁ?éﬁﬁd% ??lg_j{yensions in width or length. It is further not necessary to
use a microreactor which contains all of the features mentioned above in one physical entity. It is
also possible to extern%hgﬁgonnect additional injection points, %Wg zones, reaction zones, each
optionallyscoolgtRineata denadianopath. chfieading only a fraction of the amount necessary to
reach completion of the Grignard reaction while using more than one injection point leads to an
increase the number of hot spots in the microreactor while the temperature rise in each hot spot is
reduced as cdmipBredatsitgpiCaigmcdaregators fitmbrlyrdhevherdnd asmdl i avtiondetnmsl dboaedition,

since one of the g PeRRRRIHIAS dsslibiedJnctagfikst flow comprising the other compound, formation
of side 15products is reduced and yields are increased. Thus, the inventive method provides an

improved control over Red&i&s AH the present invention eacH®Kihe at least two fluids independently
can be a liquiskhargaROisasdgfaratislaakflisidb@apénding on the mixing properties of the mixing zone
it is not 20necessary that the at least two fluids are completely miscible. In addition to the at least
one general flow path, at least one injection point, at least one mixing zone and at least one reaction

zone a Sifitab@ihBydractitep ferignardivesanietfumya laall oo aadficnarsteinetabeYements
such as tempergtukeadtgtaiile seianiieihd of formula

(R"),8=0 (XXD),

wherein R' is as defined above, is obtained.

(xiii) By reacting a Grignard reagent of formula I or II, wherein R' and X are as defined
25  above with
(a) aphosphoryl halide, or
(b) aphosphonic acid dihalide of formula
R>-POX, (XXID),
wherein R* and X is as defined above, or
30 (c) aphosphinic acid halide of formula
R’R*POX (XXIID),



25volumes, temperature adjustable premixing volumes and others known in the art. It has been
found that using a microreactor is particularly advantageous for Grignard type reactions if used with
multiple-injection points. According to the present method, improved control over a fluid Grignard
type reaction can be achieved, which can result in significant 30improvements in reaction product
yield and/or purity, asheeth &3 athe? benefitamthe dFagtianisiansatiefiicdniasiingntheteaativesfluids A
and B in the mixing ZO&%&Q(} %lg/econtinues in a reaction zone (3). In a preferred embodiment the
flow path(s) (1) has/fave & width i the range of 10 to 10000 micrometers and a cross section of 0.1
square centiméteyebsiitising. ofi hehplidferabdyribaciideseahforwags in a range of 10 to 500
micrometers, qpeven merg@spreferably in a range of 10 to 20@xigrpmeters. 13 In a further
preferred embodiment heat gr cooling independently is supplie&é?\}epe reservoirs of reactants,
injection pff)int(g}) (3), th rﬁé zone(s) (4) and/or the reaction*zohe(s) (5) or any other structural
entity of the miardreactor used. Preferably the heat or cooling is supplied by an external source. Said
heat or coolin (_c%an be gupRlipdto initiate, maintain and/or slovy-egQyn the reaction. Preferably heat
is supplied to initiate and/or maintgin the reaction, whereas cooling is supplied to slow down the
reaction. In rafs®ssdekenbaey Re BupiliBadts aidkiashabene rsaehiginehereas cooling may be
supplied to initiete madéarimaittaiarthemeacho forlthepepaaitiasredctighhwphicte eskientially take place
in the mixing zone the reaction zone can 10 be used to adjust the temperature of the reaction
mixture before injecting the next fraction of the compound to react in a Grignard type reaction with
the compound(ive diyedrekesphinetpradosstandw obiained any, trestree FBRETL PofiffitivEtSi@ining the
reaction produgtisharaeshed Aftenbeing: 10 wisehaneshdramrihs tefaressiefvidast exothermic
reactions which are almost completed when the reaction mixture has passed the mixing zone may
require additioF’\8"?"(‘5)6%ﬁﬁ'gpmﬂ?g‘[11 éég fe reaction zone to suppress side product formation.
Performing slow reactiéR&pRiftnplete conversion often leads (&¥B)products. In a preferred
embodimgnt the produet is isplaied afies augneni raastigh.ln case the reaction does not reach
completion in the 20mixing zone for several Grignard reactions it may be suitable to feed the
discharged first flow frdf WROM&Ltion zone or the microreactofd Iatlﬂ’external retention volume for
further reactiomHgeiatRes@ngnard teaatidaisolicnay be suitable after the last injection point to quench
the first flow ditectvgfiel-Reng.seiaiad fiom ieceont anaane Al migloreactor before it
reaches compfeﬁon b avold over-reaction. 25 We have shown in t examples below that in
Grignard reactions the BﬂlzePé increases with the number of injec#Bh points. Comparing the benefit of
each addjjonaliriestirh.zaneivititre affedeand stivbasksoaheenrasting or building a further
injection zone (new mi?%(q{;ggzg,t@r design, in general increase oé ired hardware, additional
programming work, inc Ofluid pressure, increased danger of leakage) it has been found, that
the inventive mdtiiod R' andRitagendsfipstabied-out with a microreactor comprising not more than 7
reaction regions (injection points, mixing zones, reaction zones), preferably 3 to 6 reaction regions.
14 microreactors. Especially at low temperatures of O C or lower, Gréi\cmfzrd reagent%éend to

t

flocculate, coalpR&FE BT SVERbeAIRE 2 B IR SEIRIGHEVI G S R iheso PRl e b aht i that
carrying osit Glighakdcmdciianadn baipseactors outtide the sancecadtat, @ast aneglycol ether prevents

flocculation, coagulation or crystallizatio i I 4 '
ml?é Fane Or&%m%e 3 er}n?&%ff%%&fgs tﬁ%&?ﬁ%&%ﬁ%ig}%ﬁﬁ%ﬁp&grﬁgres It could

microstructures (channels, micromixer, internal flow pat

be shown that stcniersionativoHinspdngi del coasrs A darprbangdiibast one glycol ether
have an extended storage life time as compared to Grignard solutions without glycol ethers.
Furthermore, such_Grignard sojutiong may contain 0 about 20. wi-% qf the Grignard reagent or
more while sto(f%%r%%b%crtlfl&a t%?ﬁ%ai r%%gégtrggflbnrl% ;(frglrl%gve}tlr% ﬁr;{\eﬁo? I{ﬁ)%u %a&%?laggsig,%ﬁggferably
at about 38 C orilessceeanthofdoprafierred at about -15 C or less. In a further preferred embodiment
the Grignard reagent izsodygd in a mixture comprising betweepgiand 50 wt.-% of at least one
glycol ether, more preferabl 3between 20 and 40 wt-%, even more preferred about 30 wt-%. In
another prefer?@&%‘i’tﬁe?’&%@&i?ﬁé‘ﬁﬁﬁ@ Yo ramrrdn R @mBlhoxyethyl) ether and/or

151,2-dimethoxyethan®&'KIgi&s, suitable solvents which can be 0€€H)in the present method are
anhydrous diethyl ethe&ggﬂégr&etrahydrofuran. (XXXI)

35 and



Further objects, advantages and features may be derived from the depending claims and the
described embodiments of the present invention. 20 Description of the drawings: Fig. | is a
schematic drawing of a microreactor (6) comprising d#low path (1) through the whole microreactor
and embedded three reaction regions (2) each, reaction region comprising an injection point (3), a
mixing zone (4) and a (BAsRi zone (5), wherein a fluid B is fagksoxaig5fluid A. Fig. 2 shows a
schematic draé()ﬂ@&iﬂfﬁ,’RQE&@@EJ@E&@&EP&@B&M&@%M@N paths. Examples 30 The
microreactors used in the examples and comparison example were made of different materials
(glass or metal) and differently built systems. Some were integrated microreactor entities wherein
injection point{Bheiixingizong (5 andtiactiencEebrdtaiedmifoinans phirsikakgtityviD et are
made from single, clementh{iniesion PORL(Eh Mg 2pne(oy and.eaction zone(ehyhich are
connected via externa ﬁttlngs. ome microredactors were en%eraﬂ}re acfjdé)te y %nmersmg ina
temperature cHiresERgsbapPwtéeR having any 15 additional elaborated temperature adjustment
systems in place. Others also contained an efficient internal temperature adjustment system wherein
a temperature cqQ Holled fluid is fed tg the outside surface of injection poir%%, mixing zone(s) and
reaction zonef’s‘)“g) S SORSA %Wﬁf%“&ﬁ %ﬁ%&?ﬁ%ﬁr@lﬁﬁﬁﬁ’sﬁn@}q{. satfirtitetAR &S aluation
of the influenceithfdrepsnudM&r.of heieotibhipsiletseihfaliehamplesctheiGrignba dusd dent (211d
reactant) yvasdRie At epale pLid A REBRANAGIY Y GOMASIANGING 10406 ARSI RIS POIntS.

With two, three, four, five or six inlet points about 50, 33.3, 25, 20 or 16.6 mol-% of the 211d reactant
necessary to Fe&R SRS etoh oA i roseaesnds iy theralacar themstalddha st olormally the
effluent of thefemiaitreactor (comprising the product) has been quenched and collected. In 10 most
cases the effluent has be enched with HO. Example 1: | If assembled multi-injection
microreactors having fﬁ%ﬁ% Ltion regions assembled from Separaté injection points, mixing zones

and reaction 26 4R RaEaTEEEs Hsvshep 1% Aedimfeain m sofrrsnends iidingmems efnd one
reaction a0nex nsiyednNHRRIRIES OB {ibR-RyWRE) I dRiRtvkofipand DRl Wt%) as flow A
and phenethylmagnesjum bromide (1 eq., 10 wt%) in THF (1 eg,, 90 wt%) as flow B were reacted.
The microreactors we@@?ﬁﬁkg%)a bath at 20 C. Temperatur ment of the microreactors
depended on WkatieXdhBhge o theoustdefmedabevef areeobinigte parts of the modules. The
microreactor of 20examples 1.1 to 1.5 comprised reaction zones of about 0.2 mL internal volume
allowing almost no cooling between the injection points. The microregctor of examples 1.6 to 1.10
comprised re&CHiOPYdRed1Bs ahBignad rsniet R rehrdwing Bt mast arfow éfsetive cooling
(LEC) betweeibike wiikattompaindsofftamnilates of 20 and 40 g/min were performed. The rd reactant
was fed to the 1g reackagf:gbgguimolar ratio. The yields of the% ct 254-chloro-1
-phenyl-pentan-3-one 1c'ol ected after the respective reaction zone aré shown in tables 1 and 2 in
relation to feedhdtindhdscssinhigecoriditonsuthsaipagnsehresgenipiefammnla single-injection microreactor
equipped with one injgetiop=goints-0ne mixing zone and one 3x&agkign zone, the reactants of
example | were reac d with and w'tgou cooling. Flow Fﬁltes of 20 and 40 g/min were performed.
Flow B (Grignafd rea e?ﬂﬁl ﬁéet%sadf BOR (2 & EHE in such a way that in the mixing zone both
reactant®>were present in equimolar ratio. The yields of the product 4-chloro-1 -phenyl-pentan-3-one

being collectqd afies e kAP E e RIS ¢ 8PRANH.auenched are shown in table 1 in relation to

feed rate and cooling 35conditions.
/MgX

A (XXXVID),

10 }\/IgX

wherein X is as defined above, A is a group —(CH,),—, and n is an integer equal to or greater
than 3, or a group —~CH,—B—CH,— with B being a carbocyclic ring of 5 to 7 ring carbon atoms,
with a compound of formula

LMX, (XXX VIII),



16 Example 2: In two multi-injection microreactors having 4 reaction regions (each comprising one
injection point, one mixing zone and one reaction zone of 1.08 inL internal reaction volume), 2-chloro
propionic chloride (13.5 wt%) in tetrahydrofuran (THF; 86.5 wt%) as flow A and phenethyl-
5magnesium bromide (1 eq., 10 wt%) in THF (1 eq., 90 wt%) as flow B were reacted. Micro- reactor
MR1 comprisedigterBlieataxchanga sbrohy erandopsauidest a sepyieficierheeating(VEC) while
temperature ad'ustm_%nt of metal I ic[)oreactor_M R2 was goe{g&requw%r%ubmersrilr}gtéheerreniltl:gpreactor
in a temperatu Ogafﬁs?e%l%aali%n%snl %rg{lnz ed %ﬁ?ﬁfnaerfg\?vr ficient %Oollng 1(‘il_E&abetwgen the injection
points. The terhpergteatss tharé, dispiwpeddefifdsiau® 10Total flow rates of 20 and 40 g/min after last
injection were performed. Th reactant (flow B) is fed to the first reactant in a proportion
corresponding to the num@eﬁ%oints. About 25 mol-% of flow B necessary to reach completion
of the reaction respectivily were fed aviégch inlet point to the f@%ﬁ%.’Aﬂer the last injection the
reagents of flow B and fIMMnged in equimolar amount. The yields of the product
4-chIoro-l-phen%}ggpﬁrﬁygh% Ioheingscpllected.after the jespective reaction zone and quenched
are shown in table 3 In relation to feed rate and cooling conditions. Example 3: The reaction of
example 1 has been performed in two different microreactors with a flow of 2018 g/min. MR2 is a
metal microreagtehrfbmea sasbinaaasalisg-hathavithout fily thesapeling tdcditasad ECIWIRIIS a
glass miclr(())rea%?&&th a}glaacctrit\)/(()eccqglirn ) %tem with internal heat exchange structures similar to
MR1 providing’a very’é#ﬂaen cogﬁng ({%’é . The yields obtained with microreactors having two

injection points at -20, 0 and 20 C respectively (Examples 3.1 and 3.3), or three injection points at
-20, 0 and 20 C respéctivily (Examples 25

and 3.4) are collectedin table 4. Comparison example
2: The yields of the reaction of exampl ormed under the ons of example 3 with
microreactors having ong injection point (Comparison Examples 2/t=and 2.2), are collected in
30table 4. Examplfe(;]gl;2 In@p@mmerciaﬁy}gvan@}lg—muwmle injecinn mtg}greambclﬁi@rw@orning

2

(each reagtion ¢ iSi inject ' X | g, dimethyl
cxalate (10, 328 OB e L e amilcr (a0 00 i) o flow A and

ethyl- 17 maghetierReRBrlieTaslimron) irrelinmires(ED MetBsdMhbisetrerdst fnos) and

tetrahydrofuran (THF, ad 100 wt%) as flow B were reacted. HC1 in a HC1/Mg molar ratio of about

1.15 has been used to @mzqhgjge reaction in the microreactor effluent. Table 5 displays the

respective dim alate content in flow A [wt.-%)], the Grignard/oxalate stoichiometry 5 [mol/mol],
(

the total flow [g e temperature of the heat reservoir used for thermal adjustment of the
microreagtpr, as Wefll as GEIIM¥BI%]) of product (2-MOB = methyl 2- oxo-butyrate), conversion (C,
[%]) and selectivity (S, [%]). Comparison example 3: 10In a commercially available mono injection
NINI microreadf HohPEBMMAGnE{RTIE Ralate (10, 15 or 20 wt% respectively) in
i hether (ad 100 wt%) as flow A and ethylmagnesium chloride (19.1 wt%) in a

l}[xl) gether (30 wt%) and tetrahydrofuran (THF, ad 100 wt%) as flow B were
reacted. HC1 i arsatsieeof about 1.15 has been used to quench the reaction in the
microreactor effluerit. Table 6 displays 15the respective dimethyl oxalate content in flow A [wt.-%],
the Grignayrd/oxakatenioismpmetty, fmol/mol], the total flow [g/min], the temperature of the heat
reservoir used for thermal adjustment of the microreactor, as well as yield (Y, [%]) of product (2-MOB

= methyl 2- oxo-butyrate), conversion (C, [%)]) and selectivity (S, [%]). 20Table 1:
Fig. 1 and Fig. 2 show two examples of feeding a flow B at various injection points to a flow

mixture of bis(2

A. The microreactor (6) in Fig. 1 comprises one flow path with three injection points, the
microreactor (6) in Fig. 2 comprises two flow paths each having three injection points. There
30  may be more than two flow paths present, as well as more than three injection points in each
flow path. Thus, the 2™ reactant may be fed at the injections points to a first flow generated
by the fluid comprising the 1* reactant. From an economical point of view the more expensive
and/or more reactive reactant is advantageously fed to the first flow comprising the cheaper
and/or less reactive reactant. In most cases the Grignard reagent will be the more expensive

35 and/or more reactive reactant.



Comparison example 1, 1 injection point Example 1.1, 2 injection points Example 1.2, 3 injection
points Example 1.3, 4 injection points 30.0% Example 1.4, 5 injection points 31.0% Example 1.5, 6
injection points 33.0% 40 g/min, no cooling 22.5% 27.0% n.a.

Furthermore, there are no structural limits regarding the injection points, the mixing zones
and/or the reaction zones. Only for the reason of better understanding of the parts of the
microreactor used in the present invention the microreactors in Fig. 1 and Fig. 2 are depicted
as a linear strung-out hollow space. Nevertheless, the flow path(s) (1) may be tortuously bent

5  as known in the art. Furthermore, different mixing zones and/or reaction zones need not have
the same dimensions in width or length. It is further not necessary to use a microreactor which
contains all of the features mentioned above in one physical entity. It is also possible to
externally connect additional injection points, mixing zones, reaction zones, each optionally
cooled or heated, to a flow path.

10 Feeding only a fraction of the amount necessary to reach completion of the Grignard reaction
while using more than one injection point leads to an increase the number of hot spots in the
microreactor while the temperature rise in each hot spot is reduced as compared to typical
microreactors with only one mixing and reaction zone. In addition, since one of the two
compounds is diluted in the first flow comprising the other compound, formation of side

15 products is reduced and yields are increased. Thus, the inventive method provides an

improved control over reactions.

In the present invention each of the at least two fluids independently can be a liquid, a gas or
a supercritical fluid. Depending on the mixing properties of the mixing zone it is not

20  necessary that the at least two fluids are completely miscible.

In addition to the at least one general flow path, at least one injection point, at least one
mixing zone and at least one reaction zone a suitable microreactor for the inventive method
may comprise additional structural elements such as temperature adjustable retention

25  volumes, temperature adjustable premixing volumes and others known in the art.

It has been found that using a microreactor is particularly advantageous for Grignard type
reactions if used with multiple-injection points. According to the present method, improved
control over a fluid Grignard type reaction can be achieved, which can result in significant
30  improvements in reaction product yield and/or purity, as well as other benefits. The reaction
starts after contacting the reactive fluids A and B in the mixing zone (3) and continues in a
reaction zone (3). In a preferred embodiment the flow path(s) (1) has/have a width in the
range of 10 to 10000 micrometers and a cross section of 0.1 square centimeters or less. More
preferably the flow path width is in a range of 10 to 500 micrometers, or even more

35  preferably in a range of 10 to 200 micrometers.



20 g/min, no cooling 21.5% 26.7% 31.0% 32.7% 35.0% 36.0% n a = not available; LEC = "low
efficient cooling"; VEC = "very efficient cooling” 18 Table 2: Comparison example 1, 1 injection point
Example 1.6, 2 injection points Example 1.7, 3 injectios points Example 1.8, 4 injection points
Example 1.9, 5 injection points

In a further preferred embodiment heat or cooling independently is supplied to the reservoirs

of reactants, injection point(s) (3), the mixing zone(s) (4) and/or the reaction zone(s) (5) or
any other structural entity of the microreactor used. Preferably the heat or cooling is supplied
by an external source. Said heat or cooling can be supplied to initiate, maintain and/or slow

5  down the reaction. Preferably heat is supplied to initiate and/or maintain the reaction, whereas
cooling is supplied to slow down the reaction. In rare cases heat may be supplied to slow

down the reaction, whereas cooling may be supplied to initiate and/or maintain the reaction.

In case of fast reactions which essentially take place in the mixing zone the reaction zone can
10 be used to adjust the temperature of the reaction mixture before injecting the next fraction of
the compound to react in a Grignard type reaction with the compound already present in the

first flow.

Generally, the first flow (1) of fluids containing the reaction product is quenched after being

15  discharged from the microreactor. Fast exothermic reactions which are almost completed
when the reaction mixture has passed the mixing zone may require additional cooling while
passing the reaction zone to suppress side product formation. Performing slow reactions to
complete conversion often leads to side products. In a preferred embodiment the product is
isolated after quenching the reaction. In case the reaction does not reach completion in the

20  mixing zone for several Grignard reactions it may be suitable to feed the discharged first flow
from the reaction zone or the microreactor into an external retention volume for further
reaction, for other Grignard reactions it may be suitable after the last injection point to quench
the first flow directly after being discharged from the reaction zone or from the microreactor
before it reaches completion to avoid over-reaction.

25
We have shown in the examples below that in Grignard reactions the yield increases with the
number of injection points. Comparing the benefit of each additional injection zone with the
efforts and drawbacks of connecting or building a further injection zone (new microreactor
design, in general increase of required hardware, additional programming work, increased

30  fluid pressure, increased danger of leakage) it has been found, that the inventive method is
advantageously carried out with a microreactor comprising not more than 7 reaction regions

(injection points, mixing zones, reaction zones), preferably 3 to 6 reaction regions.

Glycol ethers, preferably bis(2-methoxyethyl) ether (diglyme) and 1,2-dimethoxyethane

35  (monoglyme, DME), are preferred solvents for carrying out the instant Grignard reactions in



Example 1.10, 6 injection points 40 g/min, LEC 22.5% 29.5% 33.5% n.a. 37.5% 37.5% 20 g/min,
LEC 21.5% 29.0% 33.5% 36.3% 37.5% 38.5% n.a. = not available; LEC = "low efficient cooling";
VEC = "very efficient cooling" Table 3: Example 2.1,1RI, 0 C, VEC Example 2.2, MR1, 20C, VEC
Example 2.3, MR2, 20C, LEC 10 g/min n.a. n.a. n.a.

10

15

20

25

30

35

microreactors. Especially at low temperatures of 0 °C or lower, Grignard reagents tend to
flocculate, coagulate or even crystallize and thus plug the microstructures. It could be shown
that carrying out Grignard reactions in microreactors in the presence of at least one glycol
ether prevents flocculation, coagulation or crystallization of Grignard reagents and thus
plugging of the microstructures (channels, micromixer, internal flow path(s)), especially at
low temperatures. It could be shown that (under identical conditions) Grignard solutions
comprising at least one glycol ether have an extended storage life time as compared to
Grignard solutions without glycol ethers. Furthermore, such Grignard solutions may contain
up to about 20 wt-% of the Grignard reagent or more while stored and/or fed to the
microreactor at a temperature of about 0 °C or less, preferably at about —5 °C or less, even
more preferred at about —15 °C or less. In a further preferred embodiment the Grignard
reagent is solved in a mixture comprising between 10 and 50 wt.-% of at least one glycol
ether, more preferably between 20 and 40 wt-%, even more preferred about 30 wt-%. In
another preferred further embodiment the glycol ether is bis(2-methoxyethyl) ether and/or
1,2-dimethoxyethane. Other suitable solvents which can be used in the present method are

anhydrous diethyl ether and/or tetrahydrofuran.

Further objects, advantages and features may be derived from the depending claims and the

described embodiments of the present invention.

Description of the drawings:

Fig. 1 is a schematic drawing of a microreactor (6) comprising a flow path (1) through the
whole microreactor and embedded three reaction regions (2) each, reaction region comprising
an injection point (3), a mixing zone (4) and a reaction zone (5), wherein a fluid B is fed to a

fluid A.

Fig. 2 shows a schematic drawing of a microreactor comprising two such flow paths.

Examples

The microreactors used in the examples and comparison example were made of different
materials (glass or metal) and differently built systems. Some were integrated microreactor
entities wherein injection point(s), mixing zone(s) and reaction zone(s) are built in one
physical entity. Others are made from single elements (injection point(s), mixing zone(s) and
reaction zone(s)) which are connected via external fittings. Some microreactors were

temperature adjusted by immersing in a temperature controlled bath without having any



20 g/min n.a. n.a. 36.3% 38 g/min n.a. n.a. 35.0% 40 g/min 46.3% 40.7% n.a. 60 g/min 43.5% 37.1%
n.a. 80 g/min 42.3% 35.9% n.a. 100 g/min 40.1% 33.7% n.a. 5n.a. = not available; LEC = "low
efficient cooling"; VEC = "very efficient cooling" Tablel4: -20C 0C 20C Comparison example 2.1,
MR2, LEC 29.8%

additional elaborated temperature adjustment systems in place. Others also contained an
efficient internal temperature adjustment system wherein a temperature controlled fluid is fed
to the outside surface of injection point(s), mixing zone(s) and reaction zone(s) to provide an
efficient and quick temperature adjustment. To facilitate the evaluation of the influence of the
5  number of injection points in all examples the Grignard reagent (2™ reactant) was fed to a 1%
reactant in a proportional way corresponding to the number of inlet points. With two, three,
four, five or six inlet points about 50, 33.3, 25, 20 or 16.6 mol-% of the 2" reactant necessary
to reach completion of the reaction respectively are fed at each inlet point. Normally the
effluent of the microreactor (comprising the product) has been quenched and collected. In

10  most cases the effluent has been quenched with HCIL.

Example 1:

In two self assembled multi-injection microreactors having 2 to 6 reaction regions assembled
from separate injection points, mixing zones and reaction zones (each reaction comprising

15  one injection point, one mixing zone and one reaction zone), 2-chloro propionic chloride
(13.5 wt%) in tetrahydrofuran (THF, 86.5 wt%) as flow A and phenethylmagnesium bromide
(1 eq., 10 wt%) in THF (1 eq., 90 wt%) as flow B were reacted. The microreactors were
placed in a bath at 20 °C. Temperature adjustment of the microreactors depended on heat
exchange on the outer surface of the single parts of the modules. The microreactor of

20  examples 1.1 to 1.5 comprised reaction zones of about 0.2 mL internal volume allowing
almost no cooling between the injection points. The microreactor of examples 1.6 to 1.10
comprised reaction zones of about 2.0 mL internal volume allowing at least a low effective
cooling (LEC) between the injection points. Flow rates of 20 and 40 g/min were performed.
The 2™ reactant was fed to the 1* reactant in equimolar ratio. The yields of the product

25  4-chloro-1-phenyl-pentan-3-one collected after the respective reaction zone are shown in

tables 1 and 2 in relation to feed rate and cooling conditions.

Comparison example 1:

In a single-injection microreactor equipped with one injection point, one mixing zone and one
30 reaction zone, the reactants of example 1 were reacted with and without cooling. Flow rates of

20 and 40 g/min were performed. Flow B (Grignard reagent) was fed to flow A (1* reactant)

in such a way that in the mixing zone both reactants were present in equimolar ratio. The

yields of the product 4-chloro-1-phenyl-pentan-3-one being collected after the respective

reaction zone and quenched are shown in table 1 in relation to feed rate and cooling

35 conditions.



25.6% 21.6% Example 3.1, MR2, LEC n.a. 32.5% 28.1% Example 3.2, MR2, LEC ma. 36.7% 30.0%

Comparison example 2.2, MR3, VEC 36.1% 30.6% 22.8% Example 3.3, MR3, VEC n.a. 36.7%

30.0% Example 3.4, MR3, VEC n.a. 30.0% 32.9% nl&. =- not available; LEC = "low efficient

cooling”; VEC = "very efficient coo ing' 19 Table 5: Ex. Feed-1 [wt.-%] Stoichio- metry [mol/mol] Flow
Example 2:

In two multi-injection microreactors having 4 reaction regions (each comprising one injection
point, one mixing zone and one reaction zone of 1.08 mL internal reaction volume), 2-chloro
propionic chloride (13.5 wt%) in tetrahydrofuran (THF, 86.5 wt%) as flow A and phenethyl-
5  magnesium bromide (1 eq., 10 wt%) in THF (1 eq., 90 wt%) as flow B were reacted. Micro-
reactor MR1 comprised internal heat exchange structures and provided a very efficient
cooling (VEC) while temperature adjustment of metal microreactor MR2 was performed by
submersing the microreactor in a temperature adjusted bath and provided only a low efficient
cooling (LEC) between the injection points. The temperatures were displayed in table 3.

10  Total flow rates of 20 and 40 g/min after last injection were performed. The 2™ reactant (flow
B) is fed to the first reactant in a proportion corresponding to the number of inlet points.
About 25 mol-% of flow B necessary to reach completion of the reaction respectively were
fed at each inlet point to the first flow. After the last injection the reagents of flow B and flow
A were fed in equimolar amount. The yields of the product 4-chloro-1-phenyl-pentan-3-one

15  being collected after the respective reaction zone and quenched are shown in table 3 in

relation to feed rate and cooling conditions.

Example 3:

The reaction of example 1 has been performed in two different microreactors with a flow of
20 18 g/min. MR2 is a metal microreactor submersed in a cooling bath without further cooling:

facilities (LEC), MR3 is a glass microreactor with an active cooling system with internal heat

exchange structures similar to MR1 providing a very efficient cooling (VEC). The yields

obtained with microreactors having two injection points at -20, 0 and 20 °C respectively

(Examples 3.1 and 3.3), or three injection points at -20, 0 and 20 °C respectively (Examples
25 3.2 and 3.4) are collected in table 4.

Comparison example 2:
The yields of the reaction of example 1 performed under the conditions of example 3 with
microreactors having one injection point (Comparison Examples 2.1 and 2.2), are collected in

30 table 4.

Example 4:
In a commercially available multiple injection microreactor from Corning (each reaction
comprising one injection point, one mixing zone and one reaction zone) dimethyl oxalate (10,

35 15 or 20 wt% respectively) in bis(2-methoxyethyl)ether (ad 100 wt%) as flow A and ethyl-



[9/min] T [C] Y [%)] C [%] S [%] 4.1 10.0 1.17 39.9 -5 84.6 98.9 85.6 4.2 10.0 1.17 40.0 -15 89.2
100.0 89.2 4.3 15.0 1.15 39.9 -5 81.7 97.8 83.5 4.4

10

15

20

17

magnesium chloride (19.1 wt%) in a mixture of bis(2-methoxyethyl) ether (30 wt%) and
tetrahydrofuran (THF, ad 100 wt%) as flow B were reacted. HCI] in a HC/Mg molar ratio of
about 1.15 has been used to quench the reaction in the microreactor effluent. Table 5 displays
the respective dimethyl oxalate content in flow A [wt.-%], the Grignard/oxalate stoichiometry
[mol/mol], the total flow [g/min], the temperature of the heat reservoir used for thermal
adjustment of the microreactor, as well as yield (Y, [%]) of product (2-MOB = methyl 2-
oxo-butyrate), conversion (C, [%]) and selectivity (S, [%]).

Comparison example 3:

In a commercially available mono injection NIM microreactor from Corning dimethyl oxalate
(10, 15 or 20 wt% respectively) in bis(2-methoxyethyl)ether (ad 100 wt%) as flow A and
ethylmagnesium chloride (19.1 wt%) in a mixture of bis(2-methoxyethyl) ether (30 wt%) and
tetrahydrofuran (THF, ad 100 wt%) as flow B were reacted. HCI in a HCI/Mg molar ratio of
about 1.15 has been used to quench the reaction in the microreactor effluent. Table 6 displays

the respective dimethyl oxalate content in flow A [wt.-%], the Grignard/oxalate stoichiometry

[mol/mol], the total flow [g/min], the temperature of the heat reservoir used for thermal

adjustment of the microreactor, as well as yield (Y, [%]) of product (2-MOB = methyl 2-

oxo-butyrate), conversion (C, [%]) and selectivity (S, [%]).

Table 1:

Comparison
example 1,
1 injection

point

Example
1.1,
2 injection
points

Example
1.2,
3 injection
points

Example
1.3,
4 injection
points

Example
1.4,
5 injection
points

Example
1.5,
6 injection
points

40 g/min,

no cooling

22.5%

27.0%

n.a.

30.0%

31.0%

33.0%

20 g/min,

no cooling

21.5%

26.7%

31.0%

32.7%

35.0%

36.0%

n.a. = not available; LEC = “low efficient cooling”; VEC = “very efficient cooling”




15.01.11 40.0-1587.4 98.488.94.5 20.0 1.14 39.9 -5 78.0 98.2 79.4 4.6 20.0 1.16 40.0 5 84.7 99.0
85.54.720.0 1.0740.0570.992.6 76.54.8 20.0 1.11
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Table 2:
Comparison Example Example Example Example Example
example 1, 1.6, 1.7, 1.8, 1.9, 1.10,
1 injection 2 injection | 3 injection | 4 injection | 5 injection | 6 injection
point points points points points points
40 g/min,
22.5% 29.5% 33.5% n.a. 37.5% 37.5%
LEC
20 g/min,
LEC 21.5% 29.0% 33.5% 36.3% 37.5% 38.5%

n.a. = not available; LEC = “low efficient cooling”; VEC = “very efficient cooling”

Table 3:
Example 2.1, | Example 2.2, Example 2.3,
MR1, 0 °C, MR1, 20 °C, MR2, 20 °C,
VEC VEC LEC
10 g/min n.a. n.a. n.a.
20 g/min n.a. n.a. 36.3%
38 g/min n.a. n.a. 35.0%

40 g/min 46.3% 40.7% n.a.

60 g/min 43.5% 37.1% n.a.

80 g/min 42.3% 35.9% n.a.

100 g/min 40.1% 33.7% n.a.

5 n.a. = not available; LEC = “low efficient cooling”;
VEC = “very efficient cooling”
Table 4:

—20°C 0°C 20°C
Comparison example 2.1, MR2, LEC 29.8% 25.6% 21.6%
Example 3.1, MR2, LEC n.a. 32.5% 28.1%
Example 3.2, MR2, LEC n.a. 36.7% 30.0%
Comparison example 2.2, MR3, VEC 36.1% 30.6% 22.8%
Example 3.3, MR3, VEC n.a. 36.7% 30.0%
Example 3.4, MR3, VEC n.a. 30.0% 32.9%

n.a. = not available; LEC = “low efficient cooling”; VEC = “very efficient cooling”

10



40.0-577.6 95.6 81.2 4.9 20.0 1.05 40.0 -15 82.7 95.0 87.1 Table 6: C.-Ex. Feed-1 Stoichio- metry
Flow T 'Y C S fi [wt.-%] [moUmol] [g/min] [C] [%] [%] [%] 3.1 10.0
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Table 5:
Ex. Feed-1 | Stoichio- | Flow T Y C S
metry
# [wt.-%] | [mol/mol] | [g/min] | [°C] [%6] [%] [%]
4.1 10.0 1.17 39.9 -5 84.6 | 989 | 85.6
4.2 10.0 1.17 40.0 -15 89.2 | 100.0 | 89.2
4.3 15.0 1.15 39.9 -5 81.7 | 97.8 | 835
4.4 15.0 1.11 40.0 -15 | 874 | 984 | 889
4.5 20.0 1.14 39.9 -5 78.0 | 982 | 794
4.6 20.0 1.16 40.0 5 84.7 | 99.0 | 855
4.7 20.0 1.07 40.0 5 709 | 92.6 | 76.5
4.8 20.0 1.11 40.0 -5 776 | 956 | 81.2
4.9 20.0 1.05 40.0 -15 82.7 | 95.0 | 87.1
Table 6:
C.-Ex. | Feed-1 | Stoichio- | Flow T Y C S
metry
# [wt.-%] | [mol/mol] | [g/min] | [°C] [%] [%%] [%]
3.1 10.0 1.17 40.2 -15 | 81.6 96.1 84.9
3.2 10.0 1.16 40.1 -5 77.3 94.9 81.5
33 10.0 1.17 40.0 5 73.4 94.4 77.7
3.4 15.0 1.17 39.9 -5 67.7 94.9 71.3
35 15.0 1.17 40.0 -15 | 74.0 96.6 76.6
3.6 20.0 1.23 38.7 -5 533 90.9 58.6




1.17 40.2-1581.6 96.1 84.9 3.2 10.01.16 40.1 -577.394.981.53.310.01.1740.0573.494.4 77.7
3.415.01.1739.9-567.794.9 71.33.515.0 1.17 4900

Claims
1. A method for carrying out a Grignard reaction comprising mixing at least two fluids, one of
the at least two fluids comprising a compound (1* reactant) able to react with a Grignard
reagent in a Grignard type reaction, and another fluid comprising the Grignard reagent (2™
5 reactant), and optionally further fluids, said mixing taking place in a microreactor
comprising at least one flow path for one of the at least two fluids comprising either the 1%
or 2™ reactant, said flow path(s) comprising at least two reaction regions, each reaction
region comprising an injection point for feeding the other one of the two fluids comprising
either the 2™ or 1% reactant with the proviso that the reactant in the at least one flow path and
10 the reactant in the injection point are not the same, a mixing zone in which the at least two
fluids contact each other and a reaction zone, and wherein the microreactor optionally
provides one or more additional residence time volumes, and wherein in said method one of
the at least two fluids comprising either the 1% or 2™ reactant establishes a first flow and
wherein the other one of the at least two fluids comprising either the 2™ or 1% reactant is
15 injected into said first flow at least at two injection points along said flow path(s) in a way
such that at each injection point only a fraction of the amount necessary to reach completion

of the Grignard type reaction is injected.

2. The method of claim 1, wherein the flow path(s) has/have a width in the range of 10 to

20 10000 micrometers and a cross section of 0.1 square centimeters or less.
3. The method of claim 2, wherein the flow path width is in a range of 10 to 500 micrometers.

4.  The method of claim 3, wherein the flow path width is in a range of 10 to 200 micrometers.

25

5. The method of claim 1 further comprising supplying heating or cooling independently to the

injection point(s), the mixing zone(s) and/or the reaction zone(s).

6.  The method of claim 5, wherein heat or cooling is supplied to initiate, maintain and/or slow
30 down the reaction.

7. The method of claim 6, wherein heat is supplied to initiate and/or maintain the reaction.

8. The method of claim 6, wherein cooling is supplied to slow down the reaction.
35

9.  The method of any of claims 1, wherein the flow path(s) of the microreactor comprises 3 to

6 reaction regions.



-1574.0 96.6 76.6 3.6 20.0 1.23 38.7 -5 53.3 90.9 58.6 20 Claims 1. A method for carrying out a
Grignard reaction comprising mixing at least two flu(ij(%l one of the at least two fluids comprising a
compound (1' reactant) able to react with a Grignardreagent in a Grignard type reaction, and
another fluid comprising the Grignard reagent (2" 5reactant), and optionally further fluids, said mixing
taking place;in a picroreadtor samarising.at Iest gne flow patly for,gpe af theat [eas twe fluids
comprising either S1ster 2 reactant, said flow pateh@% comprising at least two reaction regions,
each reaction regiom censijmisihg tarriige stioresdatt dderitedmrepeiotreno it theeagkssfluids
comprising eithercyaﬁ,g{i&[.l' reactant with the proviso that the reactant in the at least one flow path
and 10the reactant in the injection point are not the same, a mixing zone in which the at least two
fluids cOntact each other and a reaction zone, and wherein the microreactor optionally provides one
or more addilionalire sidéndedimkivolunvesreindhwheérgimia saighmdiotanatfithe avtaasntvolfluids
comprising eitherthe 1st or 2nd reactant establishes a first flow and wherein the other one of the at
least two fluids comprising either the 2nd or 1st. reactant is 15injected into said first flow at least at
two injection points along%sa"Mgﬂsv path(s) in a way such th&Pat each injection point only a fraction of
the amount necessary to reach completion of the Grignard type reaction is injected. 2. The method of
claim 1, wherein the flow patfys)has/have a width in the ran of 10 to 2010000 micrometers and a
cross section of 0.1 square cefitimeters or less. 3. The method of claim 2, wherein the flow path
width is in a rangehsfelo RS Boeleaieddramtéie sroupponsigtingeh atkds evslasy\akearh slomsivapdth
width is in a rangg, @k, 208 RHeraMRIesSeikad T8 methoshUoaknihd JHEeRa0 BRHEHnd
supplying heating qr cooling independently to the injection point(s), the mixing zone(s) and/or the
reaction zone(s).‘%‘%uﬁe method of claim 5, wherein heat or cooling is supplied to initiate, maintain
and/or slow 30down the reaction. 7. The method of claim 6, wherein heat is supplied to initiate and/or

mainttaliy g]sq JeagQinemoBof IRMERALN GBI Ral¥iRTE N SARKAIS SRRl to slow down the
reaction.
R>-X (1),

wherein R? is selected from the group consisting of alkyl, cycloalkyl, alkenyl, alkynyl, aryl

and aralkyl, and X is selected from the group consisting of chlorine, bromine and iodine.

20 13. The method of claim 1, wherein the 1% reactant is a compound comprising one or more polar

multiple bonds like C=0, C=N, C=N, C=S, N=0 and S=0.

14. The method of claim 13, wherein the 1% reactant is selected from a group consisting of
carbon dioxide, aldehydes, ketones, carboxylic acid halides, esters, imines, thioaldehydes,

25 thioketones and thioesters.

15. The method of claims 1, wherein the 1% reactant is a compound having at least one activated

hydrogen atom.

30 16. The method of claim 15, wherein the 1* reactant is selected from a group consisting of

carboxylic acids and compounds carrying one or more hydroxy, amino, imino or thio

groups.

17. A method for carrying out a Grignard reaction in a microreactor comprising:
35 establishing at least one flow path of a first fluid through the microreactor, the first fluid
comprising a 1% reactant and the flow path comprising at least two reaction regions, each

reaction region comprising an injection point, a mixing zone and a reaction zone;



9. The method of any of claims 1, wherein the flow path(s) of the m croreactor comprises 3 to 6
reaction regions. 21 10. The method of claim 1, wh C?ein, when the reaction between the 1st and 2nd
reactants is a slow reaction, the reaction is quenched after the last reaction zone before it reaches
completion. 5 1linjEbengethodxuigiaimdydhedaimtpesiBgig A4t seagent (@ndtleatiant flisvepathmpound
of formula or 10R:-MgsRAHIR WG SIhd 2 SSRGS, %%aﬁsqg@mtma%tim&xﬁxsloa'ky',

alkenyl, alkynyl, aryl and aralkyl, and wherein X is selected from the group consisting of chlorine,
bromine and iodff8reBi8 heTEsiflerro et A raecHmminiieR & e BECRIR G B¥mpound of formula
R2-X(111), wheretairRiisgSete etadidiofithecgrompheanisisiagtof, alkyleiaweioadkyheatkaoyil alkytam, aryl
and arglkyl' andeﬁ%%‘s%gggae q 1f£ r@o%‘eo%%ﬁ’lg %nr%iascttir\lgtﬁn;wr&o{liar} ’ret:)ar %n i?neaz%?rclj i%(rj&r}e'ezoj'& The
method of claim 1, wherein the 1"Feactant is a compound con%prlsmg ne or more po & multiple
bonds like C=0, asiow Rpdatastens ahthsERnd 2™ Trectandtivdof il Teaamicraih Hireredseant is

selected from a graupigeNaistifaa corhendivdaprisdd shnde ek atanesnsahasylicacishialides,

esters, imines, t?io?ldehygles, ZStQioﬁﬁto?gs and thioesters. 15. hegnéfthod%?f c gms 1, wherein the
Ist reactant is a ComPBUAT ARG AT ERST oFFBXHIVSESHY RS SABIHN & BRHEWERIFDYRS claim
15, wherein the ksttiendtaneited etadtetichrimibe pastipnoonsistingngirsas Boleghicoacigiscahdleompounds
carryipg one or more hydroxy, amino, imino or thio groups. 17. A method for carrying out a Grignard
reaction in a microreactor comprising: 35 establishing at least one flow path of a first fluid through the
microreactdf: thé SERditPEENIG A5t 2 PLeranbisartian actreditaiosAch A ArEsgreactehst two
reaction regionsyeeae the etienide gimeoromipsiveg Areinjeni@hypdiathea. Mixing zone and a reaction
zone; 22 injecting and mixing a second fluid comprising a rd reactant into the at least one flow path
through the injection points in the at least two reaction regions to form a reaction mixture; controlling
the residenick tirkBedretiedehetidm Hixthorin khito dficrbréeriaticanicre slycohepreiyersevn mixture

from thye microreactor, wherein at least one of the Ist reactant and 2nd reactant is a compound able

to react with,a Grjgnard reagent in_g Grignarg type reaction, and at least gne of the 1st and_2nd
reactants i%he@%g%%r&%ggégﬁf lv?itﬁ&f SProvES RS ?heéi]tﬂ%l?rz%ﬁgf%g?%ﬁ%ef’é%&é%§ r%’r‘fﬂlf)rises

both, wherein ateedxinjbetion point only a fraction of the amount of the 2nd reactant necessary to
reach completion of the Grignard type reaction is injected, and wherein the reaction mixture
comprises at least one glycal ether. A method for carrying out a Grignard reaction according to claim
1 in a micréleacl8F WRERAR AR PR EGorbrrsthe CBmRRMRESAthe LAk greaitdtidr. ihe method of
claim2b7 whereimitfbteabionid léks taabolaaghbiod giy.col ether is present. The method of claim 17,
wherein the glycol ether is bis(2-methoxyethypether and/or 1,2-dimethoxyethane. The method of
claims 17, wherein the temperature of the Grignard reagent fed to the 20microreactor is less than or
equal to 0 C.



