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WD 2008/ 009378 PCT/ EP2007/ 006127 1 METHOD FOR
GRI GNARD TYPE REACTI ONS | N M CROREACTORS The present
WO pwsnbg3oh rel ates to a process for Gignard tPEEEP2007/006127
reactions conprising mxing at least two fluids in a
m croreactor. 5 Giignard typk reactions are very
MEl*ﬁ@ﬁrF(?ﬁtGRP@NtAmﬂ TYPE REERETIONSIN MIGROREACTORS
genera Grignard type reaction is the reaction of
conpounds of formula R1-Mg-X (1), or 10R1|\/gRI (II)
The pé?s‘gg}qeingw%nkg]la%ltg %tgrechcg%{/ m he % c‘?’rllsstI np%smg mixing at
least BFAHMS in 2RAcroh@e@rn X i s a hal ogen atom seI ect ed from
the group consisting of chlorine, brom ne and i odine,
vvithacon'pound of formula R2-X (I111), 15 wherein R2
Gngng}:%‘aypy eacgﬂ%sc%g%gr@/lg}pggtgﬁt n%?ti%%h%%ln aratlver: Xherr(l];stry In general, a
Grigraeiydk Réddbod igxBk ddactith bf gdrepdimiad of fdfﬁlu(é—o C=N, C=N
C=S,, N=O and S=0O. The conpound of formula | is called
t heR'GMgmard reagent. Other uses(df the conpounds of
formulae | or Il are the exchange of hal ogen atons of
boron, silica, tin or antinony conpounds or the
prem'mmg-im‘n of highly reactive (Xlignard conpounds

gh are ofherwise 20 hard to. qbtain Perf
wher@a .Rg nasedeqtehitomdhe sipup sgnusting of k¥ yclaabiies #@wl alkynyl, aryl

o s S 505 GRSy A B TES R v
bromprerasdsd)chnd: vathm ofmphmdaifdormpah | ndust ry isto

002125 §$t Iy inmprove and control c ical reactions.

i ontrol over reactions )1 ead to, for

wher&itt WRJ; 8kyl, Q?EIQMQWE AfkSny1Nalk FhAL Hoyl aﬁ@&ﬁﬂk?ﬁ &ndl X ifsQﬁRigbﬁ’ Nor with a
product yle and/ or purity, or "‘the isolation of

compwahdjexmtenmgg#mlarrred@plw@nd| ldteeGT@dEﬁNeCﬁNo@chtET'Ol gnd S=O. The

comeBFs P 58 580 0 4R Gl T Bl

formilge HESII ra&bﬂh@ ex&Qinée gEhAbS¢n 48k @F bvkdine ﬁll@d @i st @atitlean
i mproved control over reactions would t heref ore be

compatydsrrdbe pisparatian of kighky tegctivedemgnnsd pampoiids sytisihgre otherwise
hardf% %Qgrm c reactions in large scale in a controlled
manner  are sought-for.

or

Performing Grignard reactions using single micro mixers is disclosed in EP-A-1285924. The

disclosed method is not applicable to industrial scale productions.

A persistent aim of the chemical industry is to constantly improve and control chemical
reactions. Greater control over reactions may lead to, for example, improvements in safety,
increase in reaction product yield and/or purity, or the isolation of valuable highly reactive
intermediate products. In particular, greater control over reagent mixing, fluid flow, heat

sinking/sourcing and catalytic efficiency is desirable.

A general method which provides such improved control over reactions would therefore be
advantageous. Particularly, methods for performing exothermic reactions in large scale in a

controlled manner are sought-for.



10

15

20

25

30

WO 2008/ 009378 PCT/ EP2007/ 006127 2 According to the
present invention there is provided a nmethod for

wa@a008he3g8 out a Grignard reaction conprising PCRERPOADO6127
| east two quids one of theoxt |east two fluids

Acoq ARG e Gnt R e e Preoes DRl Bminal o Signard

reactﬂﬁﬁdﬁﬁfmsﬁﬂgﬂn@uﬁg’ﬁméas‘ﬁ kW@ flaids! b e¥tHe A48 Ao @Rudi comprising a
reactant), and optionally further fluids, sa

compgupd agle takpany withac@rizrard redgenina:GT grard aapeceamnoniul negactant) and
anotl?etr du (?géragﬁsﬁﬂé L. ?{cfs]nle%% n(te ??h ré?i@?lﬂgf alrg?optlo%%ll% R eter fluids, said

mlxmgmktngﬁlacesml adnfck@‘eadt@d (6§ sompasiAg bslead oat flolegah (1)W¥or one of the
eaction regions (2), each reactlon region conprising

at leaéﬁt"?’%ﬂlé’éiﬂ Ahegrsprting sifher dhe 1F @il FRIctent seidHlow patli(s comprising at
leasttt\tx}s rﬁafch%@?%%rgsc felclb’ﬁ %gctgncﬁg( rle A Oh@rﬂ%gein 1H%ﬁt1&2 S?ﬁg (3) for

feedlag thecather (inn:offthmatdeasc ond Haids QBQ: boraptising aittebrahe 2ok iteen] ™ reactant,
croreactor, optionall

a m”ﬁf‘%@?‘é“e@ eﬁl] &h?ﬁmhsm?@re% @V% .rf]larfg] COP@gﬁ féfe’f\e ther Apgha reaction zone (5),
and \Vﬁ’érb’lmﬁe nﬁﬁgré%t%f' proda ﬁﬁbﬂdé@(ﬁ € 28ditibha rgglgence time

| east two fluids conp 1S or
volumeg ahd mheesin atb$aid mshod cfnueroef thef atdeasamb finds eomptibieg either the 1*or

t,t fl
2 ielibestitTisRans B Bl PERUHR heSthiyaneicd s pisad syp fuids
comﬂrisﬁr? eiftep Mheat™ b@ﬁska&hntt 199njbab@ ftd S41d fipQ 'ﬂ@)twsat(l@ast al @Winjection

said flow path(s) (1) in a vvay such that at each
points (3 ed ensnigh Bowtpadi(b (12 irf 2 svayisoeh thet asfeacthimjention point only a fraction

of th? grglgﬁlﬁtgt}]e\é?%gﬁy ntjg ggat &8%@%0'&& tl%t ﬁtgglgarﬁ nar 1ony RS injected.

"mcroreactor” is used for a reactor whi ch reactl on
vol unes have di nmensi ons (perpendicular to the flow
Usualfy tlag eXR5gSS105t “maiseueachad aroused é?W@PéWhWG Tpagdion vpdunypgchave
ar
i LR R R ol bR oL Fp o and less
added to reach "theoretical"™ conpl etl on of the
reactjon, for exangﬁe in a single vesse

The GpSeAsloR nPaHSED 51 FRFBRUBPIPHOR Pt AGHAdoB e et (hs AEfount which

woul@d FaVSbe dddled %o reheht “theaetidfl® chinbRtiBrL SR eéd?lorh%{:&l%le ina
(xvi) bel ow dependi ng on the desired product one

smglg vessehilee simaplan : letqantwanl stoithioofetry tig@s wopukd b e@agettr amounts. For a

o B R S R BTk BB o, oo

threeGROTRF EREFalEM® of MBX g EAUBS2eRS bedrihg RBCMEX ot drk hecessary to
bel ow two nol ar equival ents of the 1St reactant are

complete dagsrepgtiano in ﬂ’@@ﬁ’ﬁﬂ ‘éhﬁs rihe fﬁngnwdgﬁagenpmmmﬂes ke -MigX groups as
kem t he
in rez{}gigﬁ i)?\lllﬂgl)élggq?\’%?ﬁ% ? u1v l‘%éanf &wq reac ant XI' ! S F?SSII'X for

nard conpoun
compdétipani ¢ hal i des with unpol ung of t he hal ogen- beari ng
carbon atom | n nagnesi um organi ¢ conpounds or
Gignard conpounds the carbon magnesi um bond is
The rﬁ&tq{hgl)%alﬂ%s@ Bf ﬁl%gné%ﬂgn ﬁﬁ‘?re@ﬁ'{aﬁgg o%‘affirpg'ﬂ ?sg{ﬁg threductive
magnesium carries-a negative char urta
form&ianyofaGdgnasd gempsurfds rfrcme ardanfwrhalided Wwith umpehingwst thehslogen-

.are . : .
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
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conmpounds of fornula W 2008/ 009378 PCT/ EP2007/ 006127
3R -M-X (1), or R1-MJ-R (Il) wherein R is
W@ 200800%@ from t he group consisting of al kyl, PCT/EP2007/006127

cycl oal kyI al kenyl , al kynyl 3 aryl 5 and aral kyl, and
mhe el@i | s a hal ogen aton1se|e?§ed fromthe group
consi s gng of chlorine, bromne‘dhd iodine. In a

or preferred enbodiment a Grignard conpound of formula I
is used. nder suitable conditions Gignard conpounds
canRoeMEtBred as such. Cbnpounds B formul a I and |

B SR A S SRRSO AR Dt o
and salidel, aﬁbbvhemMQsmﬂslolga:y atoén s&dedfiorn\thd g@hbwoﬂélith@@thlonne

conpounds of for la 1Q Il generally react slower than
meraﬁ%sh g@eoﬁn A BSF{FHAed embogiment ar%m@}%%ora%m qrdpEmyladis used.
Und@shﬂi@é gor{(ﬁ'@&ﬁrén%w Ou@ﬁrﬂgéﬁrfhstc‘ﬁﬁ’ bé 5 oY 45 sug@ X S S8REs of formula

bei ng connected t near, ranche
I andd& chet:lylcﬂcihtenb Bquuﬂlbnm ﬁeﬂemﬂghy on Hersabstitdenth Eheeiqnﬁﬂalrium in shifted

moreéS% g: g c;g{pguﬂ}ugsemaggg ijis %ub@i)gn?l;%]ho&é}c exanlirr)llggof formula
1 geﬁg\@ll)geaétl didwer AR CARFOUNAS of Fdefuterein Q i s sel ected

om the group consisting of di- or trivalent
hydrocarbon nnletles such as cycl oal kanes, al kenyl ,

al kynyl ar al k as defined above wherei
in o Gl el oAt ree b paR e ARV oL AF rieteroues.
being esReetd HRotH Elindaf, briMichedoP bibocychio ghaph ARtordlidly, here and
above nentioned radicals may optionally carry further
hereipbglewicompougdsnfdermye I npyi 3lgp reprasentdor exgatpleremnpaeunds of formulae
Grignard conmpound under Grignard type reaction
conditions. Anong others conpounds of formula 30 R2-X
(Il KMgvravigKn R2 is sel ected fr@rthe group
consi sting of alkyl, cycloal kyl, al kenyl, alkynyl,
O aryl and aralkyl, and X is hal ogen

)
XMg_% (Ib),

and the like wherein Q is selected from the group consisting of di- or trivalent hydrocarbon
moieties, such as cycloalkanes, alkenyl, alkynyl aryl and aralkyl as defined above wherein

one, two or more hydrogen atoms are replaced with the respective number of -MgX groups.

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
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
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as well as compounds conprising one or nore polar

multiple bonds Iike CO C=N, C=N, C=S, N=O and S=0
wo@r00s0m3cRINnds havi ng at | east one activated hyPCDERIW07/006127

atomare able to WO 2008/009378 PCT/EP2007/006127 4

wnth G?l ard ents |n narg t )
react G Gritrbfl S Ah GE B bins e digniat i Be il asgomting to the
metl’id&l&)fnhepleﬁﬁnthrwéﬁﬁbxh.on- Conpounds conprising a pol ar

mul ti ple bond as defined above can be selected from
the 5 group consisting of carbon dioxide, aldehydes,

Co UL A ELR LR i om
grou\plobhsmmgiﬁtdabt&inaﬂohﬁd,r@wﬁdw Retbés, exBORYIR &oid bﬂidéhlééters

ds or conpounds car one or nore hydroxy
1mma?nthlealdpbar% tbwketon%a@\r/ @w&terﬂ G omPOENGWith an atiesbedydrogen are

for é(%gfe%amox%lgx&lds Bﬁpd'rﬁg § 8%1’4/1&1 Eé PPE} eﬁ%ﬁgéﬁ aglrllgél(jlémmo or

ﬂnogsnmeant to have l1ton carbon atons. Cl1_6-al kyl
represents for exanple nethyl, ethyl, propyl,
i sopropyl, butyl, isobutyl, sec-butyl, tert-butyl,

Her@ﬁﬂtﬁélrelﬁ‘l‘;@o»b e?l’fé’!erm/)‘glkyiai xlé#eserg%vg Hﬂeﬁjor'b?arfcﬁémll( | %rogﬁ.gBy using

carry one or nore additio gr oups.
the fhan éCnbelkorW thhelkybgroub oy wieast| th hhve T &pn esbon stoams C¢-alkyl

o5 TSR D S B e S,
pent§HdHERyIS Uah afi§/1” Stvab ROGR ML Y P REXY bne 6 flofERkit¥dnal -M gX

cyclooctyl, adamantyl or norbornyl. A cycloal kyl group
groupd. in formula | may carry one or nore additional -MX

groups. 20 Here and herei nbel ow the term "al kenyl "

represents a linear or branched radical bearing a C=C

HeretndHeeeittsuichy tixpletiiftaydlyalkubsépresentch syclduliphiOgroip heving 3
hal ogen atons_and/ or optionally substituted
carben atging| o yrore.(iydealk W aspregpnt ot agdpokyayshe ABS gysieps such as

cycl@%ggﬁ ﬁglno"l’x](efyl Aﬁ% r?,)h éyg?%)gﬁﬁ %lama% Yl f 1{%Tny? 'A cycloalkyl group

R' 1r[:ﬁxnmyladnna)ocarryzﬁlelmrrmomdiddinonaianMgX[@@gfsoups Her e and
her ei nbel ow the term "al kynyl" represents a |inear or
branched radical bearing a C=C triple bond,

HercORd RAGABIow WRSteirh “hkEn Y1 tdhrORRtsY 1idERF Sr m}l&%r}aﬁkﬁ'ﬂ%anng a

and/or optionally substituted C 1.6-alky
C=Cidogblel Hoodyopsiondily eibbtibited with ane non@re)hlqiegerEatamp land/onoptionally

h [, 0 opynyl | -hutynyl, 1- tynyl . An
subs BRIy gk R P 42 ROk e R chestBies rthenyl
1-préyédit i1 Guddnyt, M XsopksPenst. An alkenyl group R' in formula I may carry one or
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-
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
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Here and herei nbelow the term"aryl" represents an
aromati c group, preferably phenyl or naphthyl

wo@piosooald y bei ng further substituted with onePOI/EPINB006127
hal ogen at ons and/ or WO 2008/5009378 PCT/ EP2007/ 006127

Optiog?l?}%_dbgp %Ifﬁl@/? ng 5’1131 yRﬁ dh &yﬁgﬁal gqp)éyAn aryl group R’

in fofn@N AT AylcaffRbne 3F for® RdiBsndIM X gbubs onal -
groups. Here and hereinbel ow t he gfyrm "ar al kyI

represents an Cl_8 al kyl group as defined above 5

Here%#% rﬁ}]&leLnLﬂ)teﬁ)% me tlé]m?nar {k&i” Qe%]:ehseeh éz}ﬁélc, a'lka/l #fcﬁug): aesccfe%(rjled above,

roup consr s

substfthed with ard iYyE@IyHletarl?Eme[tﬁ];életftétﬂﬁbm the @ﬁmgkkbhﬁ*stﬁfg\léf ;phenyl,
aid aryl or hetaryl poiety optionall

naph%lo{b&ruamﬁlt Brenyly b?néﬁ[@]%'rarwbrbgn#&bhg@nylaﬁ%ﬁﬁryl aﬁhﬁeryl moiety
I I
optlog{ﬂmﬂ%rﬁﬂgl t éﬁ@%ﬁtl&f&ﬁ@ o} %o?’éjgfll)%én%&q (;i:l'ﬂ-lﬁo %t&?ﬁs ang;‘ef optionally

. ["am no ara
substRuted I, ¢ fatkeyhuT g6 dlkmyomif(_t %-amﬁammdmb&psam dralkylagrouﬁ/@km

. 10 Here and g,r,el bel ow t he term "al koxy"
fom&égf@m%‘elqrﬁ&ﬂ” 1tIBPgnM%)8g§NPéxy group. By
using the form"C 1 -al koxy" the al kyl group is meant
having 1 to n carbon atons. C 1.6-al koxy represents
Here fand hercinbplosy thettérox Yalkextyioxpresqmtopbingar or bayprlogioaliioxy group. By

o R S S T e R R BT ey
represéiﬂsplfoeékéiﬂfﬂ)é métﬁMﬁ%%k§ Iﬁfoﬁd/)@ %bl‘dﬁ%)(y,%@é’p& %Ehﬁﬂy, sec-butoxy,

carbon atons or al Kyl represents f

tert-ogaxyppenttpsy @p‘éhﬁwl@%y cycl ohexyl oxy,
cycl oheptyl oxy, cycl ooctyl oxy or cycl odecyl oxy. 20
Here and herei nbel ow the term "di-Cl_6-al kyl am no"

Here bePhesibbBvatheitédnk ydy@oallkoxgr BfReseBRITychalk@xl \Weowd tetling 3
noi eties | ndcﬁe&endent ly having 1 to 6 carbon atons.
carbopyatqms et ®PRYy Cyatoatkyl Féppesents rf@rsexrampl%so@.l\qneetyloxy, cyclohexyloxy,

' m no
CyClo%@?ﬁ&ﬁ%}@&Q%@m xJ%ijo(%il\l-!;%e - N- pr opyl am no,
N- et hyl - N- hexyl am no or N, N- di hexyl am no. 25 Oten the
rea 0 f aGrlgnardtyereactlon
Here @%5 ereinge »h@la %‘Fg xelawrroesrems?ené&%lﬁta fkylamine,erpysp
compPising Pwvlik,d W&es%%eb@&ﬁl&rﬁqg%gteto' @ca‘f'g(;h\/ﬁf)ﬁlg de @1 ¢-alkylamino

give the “desired ction’pro after solvolysi
represamtshfon sxamyple oV, slimethbagind oM V- due)hylamm(m VNietl)yl-d\émed‘tylammo,

endTAPLEASIRE SR P on I L R
mul ti-injection mcroreactor accordi ng to t he present

method. (i) By reacting a Giignard reagent of fornula
Ofteny the primary rgaetiesn profuctni@ Grignasd Bpededatinnds abimtesmediatchwhich

carri€s (%grrpeg(lﬂﬂl%leoé —6—“& 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

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 (11D),
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R2-X (I11), WD 2008/ 009378 PCT/ EP2007/ 006127 6

wherein R2 is as defined above and X i s hal ogen,
wobeseia7s he hal ogen i n conpounds of fornul a PCERRR0DT/006127

may be the sanme of different,s conmpounds of fornula

R -&2. (I 5. wherei g .R, and are as defined above
wheriri R istos fhtined 08 i . i55a Bt heif dREhelSpnf SnPpppmas of
formuRy TaaddIlm&y bd the suiaebEdiFrddntand X are as defined above

with (a% f or mal dehyde, or 10 (b) an al dehyde of
compeyngg phforpuleHO (V), wherein R2 is selected fromthe

grogp_gonsi sting of alkyl, cycl og;\y)yl , al kenyl,

al kynyl', aryl and aral kyl, or ( a ketone of formula
whertm IRBarld®R Rite eV finedhibbeé, ardBbtaimdd R4 are the sane or

different and are selected fromthe group consisting

of al kyl, cycl oal kyl, al kenyl, alkynyl, aryl and

.o . . l
) Y Bl QELTRA eagbREATORRIg PP RHEIALK. RERIBL S Bned ahove
with(VI11), and (c) R-CR3R4-CH (1 X), respectively,
\gfher%i Ié’ R2, R3 and R4 are as defined above, are
(@) BFH?HQH". ® (iii) By reacting a Grignard reagent of
(b) T dIE3dt oPforfnbila Wherein Rl and X are as defined above
wi th_carbon dioxide |leads to the formati on of

car B&xGHOc acids of formula R -CODY (X), wherein R
i s as defined abpve., (iv) By r.eacti G i gnard
BaS8RdC ot N AL mb mp SariEs of i G celkgnyL, alkymyl,
deyl angdrak@yer 30 with a acetyl halide of fornula
R2-COX (X)),
(c) aketone of formula
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),
(b) R'-CHOH-R? (VIID),
and

(©) R'-CR’R*-OH (IX),

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

(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 II, wherein R' and X are as defined above
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),

wherein R' and R? are as defined above, is obtained.
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wherein R2 is as defined above, and wherein X is

chlorine, bromne or iodine, a ketone of fornula
WOR2008R28 (XI 1), 35 wherein RL and R2 are as PBEl/EP®d7/006127

above, is obtained. WD 2008/ 009378 PCT/ EP2007/ 006127

7 . B eacting a Gdgnard.reagent of for al or
() BB 5 Bk AeheRe O AR £ F A0S Rexei B Bt e s G¥fined above
with adordte oPformalaul a HCOOR2 (XI11), wherein R2 is as

defined above, 5 depending on the reaction conditions

(a) B&PQRdehyde of formula 1V, wEdhn R is as

fhn ' (b) a secondary al cohol of fornula

Wher%%-%ﬂagfagﬁ'i{ﬁ%ﬁb?’(’e’lo is obtained. (vi) By reacting a
depefaling darke reaagandonditidner mul a | or 11, wherein R and X

are as defined above w th a carboxylate of fornula

R2-000R3 (XI'V), 15 wherein R2 and R3 is as defined

: . L Do (a) a

@ AN APOPRRR AL RIS prRRIILEN (D) 2
(b) arecasdatighicold odlfornreylaor 20 (b) a tertiary al cohol of
the_fo | a -C(R2)2-OH (XV) wherein R and R2 are
as Beféﬁ@é{— Eiﬂove, i s obtained. 28Iy a preferred
gfdi ment the nethod is useful for the preparation of
tri phenyl met hanol from ethyl benzoate and
phenyl magnesi um brom de (vii) By reacting a Gignard

. Lfeagent of formula | of.l1, erein R. d X.are as
(v TEFrBe & biarieaens o formibtal i pehentin ot e Roipfined above
with a carboxylate of formula

R>-COOR? (XIV),

is ob

wherein R? and R is as defined above,
depending on the reaction conditions
(a) aketone of formula
R'-CO-R? (XID),
wherein R' and R? are as defined above, or
(b) atertiary alcohol of the formula
R'-C(R»,-OH (XV)
wherein R' and R? are as defined above,

is obtained.

In a preferred 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 II, wherein R' and X are as defined above
with a nitrile of formula

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

R'-CO-R? (XID),

wherein R' and R? are as defined above, is obtained.
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30 wherein R2 is as defined above, a conpound of

formula R-COR2 (XIl), wherein R and R2 are as
waledosned7above, is obtained. WO 2008/ 009378  PCT/EP2007/006127

PCT/ EP2007/ 006127 8 (vi ii) By reacting a Gignard

viiiy B FEing s SR At Rabert of KmuES v Bre & ¥ S5k 1 defined above

with(afMhdine, of ¥d81ugi N R2 and R3 are as defined above, a
conp&g)d of .formula 5 R (R2)2CG-NHR3 (Xl I), wherein

ZGnH are as defined aboU&VH)l obtained. (ix)
e f I or 1|1,
Whe% ?egl‘rff} gre%a@%hg%lgﬁbg)g/ ?O%née ak?g\?ér%uv&gt h deuterium
OXI dé(hact_QmmRﬁnd of formula R-QXi¥VII1), 10 wherein
defi ned above, is obtained. (x) By reacting a
Whe@“i BnaB: omeieBagj‘é"n%S dsfined pheealyobigingd.  wherein R and X

f 0

(0 B Feng IO UGN o B B, cEITROUO0C S o v sbove
withaleateginm exidd)tacionpound st JorRyla eact i ng a Gignard

rea qnb of formula | or I, wherein and X are as

defi above wth ethyl ene oxi 0(3( Q)’corrpound of
whefdll RUl s Reif G BRe O ghitiled. Wherein R1 is as def i ned

above, Is obtai ned. 20(X||) By reacting a Gignard

reagent of formula | or wherein R and X are as

efined with t . of
0 Hentiite  S0FSud gl ot fgﬂﬁﬂéﬁ@rﬁf hefeir KC SR s defined above
withaRFUE a cbﬁlfpebﬁcﬁbf‘f?)%ufaﬂ ii) By reacting a Grignard

reagent of formula | or I, wherein R and X are as

defi eSHabove 25 with (a) a phod@id&dyl halide, or (b)

wher%irpﬁoisspa% hﬁecfjl gbo%edils 0 {aiir(lje ) of formula R2-POX2 (XXI1),

(xi) By reacting a Grignard reagent of formula I or II, wherein R' and X are as defined above
with ethylene oxide, a compound of formula
R'~(CH,),~OH (XX),

wherein R! is as defined above, is obtained.

(xii) By reacting a Grignard reagent of formula I or II, wherein R' and X are as defined above
with thionyl chloride, a compound of formula
(R'),S=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 above
with
(a) a phosphdryl halide, or
(b) aphosphonic acid dihalide of formula

R>-POX, (XXID),

wherein R? and X is as defined above, or

(c) aphosphinic acid halide of formula

R’R’POX (XXIII),
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wherein R2 and X is as defined above, or 30 (c) a
phosphinic acid halide of fornmula RZR3POX (XXII1), WO
wQe@8/0eB9878 PCT/ EP2007/ 006127 9 wherein R2 aPdI/RB20a7/606127

the sane or different and ar® as defi ned above, and

=Y 1,$3 .as..def i ned ove, hy substdtutjon of.the . .
AR SR g 0 o8 1SR PR o re B S Bt MR X is
(a¥¥efhed abovep) (R )2R2P0 (XXV), and (c) R RZR3PO

respectively, wherein R, R2 and R3 are as

XXVI ), . . :
by substifutien of Bs\halides, pheiphineraddes i dormatlafod i s

par rly inmportant for the pr tion of
@) trigkcﬁi/t{(ghosphi ne oxide. 10 (xi\gg ?A{@ed phosphi ne

(b) oxi (RY,R’®0D be obtained in a two KXX0O, process by
firstly reacting Gignard reagent of formula | or 11,
and wherein RL and X are as defined above with a secondary
phogpp? f formula (R20) 2PHO ( p, 15 wherein R1L
© is as Jﬁ?idrged above, to give a c npou%fd of formula
respeCRVSIZPE@Min(BERE lahl R? avdhay difime@Rabarglan abtanak def i ned

The S GRS O S b SO TROL o LRI

wherein R2 and X is as defi ned above, to obtain a
compound of formula (R )2R2P0 (XXV), wherein R and
(xiv)Pdixad phasphiref axides cab bee@btdimedan prtwbetage prasesobly fisstlly redeting

. ti ' t he f f th d
Grigh G fined 1O ot Fh hetelb R S84 e e/ aPr s Wb
a secoRdarp phédpHfte bhorifiufd Or eactor, (b) in a second

mcroyeactor or (c¢) in the same nicroreactor as the

firRQedOion, the latter in at (K&BED.one "next"
o5 B Y ML cdaoroun of
f or RHPOMEK |1, wherein Rl and XXxnalgs defined above
wherein R' and X are as defined above, and
secondly reacting the compound of formula XXVIII with a compound of formula
R>-X (1ID),
wherein R? and X is as defined above, to obtain a compound of formula
(R)2R’PO (XXV),

wherein R! and R? are as defined above.

In a preferred embodiment of reaction sequence (xiv) the feed of the compound of formula III
in the second step may be performed (a) outside the microreactor, (b) in a second
microreactor or (¢) 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 I or II, wherein R' and X are as defined above

with a compound of formula

R>-SiX; (XXIX),
wherein R? and X are as defined above, compounds of formula

R'RSIX, (XXX),

(R)R?SiX (XXXI),

and
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R2 and X are as defined above, conpounds of fornula
WER2R3BIMEZ8 ( XXX), (R )2R2Si X (XXXI'), 35 and RI/EP2007/006127

2008/ 009378 PCT/ EP2007/ 0061270 10 (R )3R2Si (XXXI'1),

whergi , R2 and X are as defi ve, are

obt zgll%r?g%%}V%en carrying out the &Z@g?ﬁ n to reach
wheanR!, ®%iand X aepe defiseddbolvey srtbBtaiedl | will be the 5

mai n product. The nethod is especially suitable for
aryl magnesi um hal i des, preferably aryl magnesi um

r { [ el r e .
WhSBA A p (BY 6 RS Ao LARBEL G BSgY it e e
mainvproduat chiometoli§ especiuliesiiiabléMor arydmbgtdsiin haldes t gieferably

roup. consisting of a nmetal from 10 groups 3 to 15 of
arylr%?%leg‘émlaame ®abl e i ncl udi ng boron, and wherein X is

as defined above and m is an integer from3 to 5 and
corresponds to the valence of the netal M a conmpound
(xvi)By reaoting 4 Grignandvedgeh) of foxdialllgr, I, wiereih R ' Mhd Rlarerd defined above

.,are as defjned aboye, apd erein n corresponds to the
with G Spfind Fo o PRt i s et G 1 GD RoRAnG N msRetfl o
3 & 1 9 Ethe lp¥abdic FatFORRAM i
?°“€Jx><xu v wherein M Ri, m e Btrot M el X0 gblgg\%% #hove and m
1s angntegeytfram Adad 5 ahd\epitgspends abe ivalgnee & thg neetal M eagempount] of
f formula | or Il, wherein RL and X are as defined 20
OMiove with a compound of formula R1-C=C-H (XXXV),

whengl M(@®L),i s as defined above, gxfuher Gignard
reagent of formula R - C=C M- X (( XXXV ), wherein RL
whergiidMxRa ped aisarg a$ defaredabove and svheigininreerespopgs {octhieiaimount of

exchﬁgeﬁ%@ﬁ)tgieﬁ] gto%ls(%’(,i &%%'ii%&l%%%%’%%ﬁ%l%% amélclngpou%f formula
(HO)maM(R")s (XXXIV)

. 1 .
wherein M, R', m and n are as defined above, are obtained.

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

above with a compound of formula

R'-C=C-H (XXXV),
wherein R' is as defined above, a further Gri gnard reagent of formula
R'- C=C-Mg-X (XXXVI),

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

(xviii) By reacting a Grignard reagent of formula

A (XXXVID),

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

LaMX, (XXXVIID,
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A (XXXVIT1), MX 30 wherein X is as defined above, A

is agroup -(CH2)p , and nis an integer equal to or
w@e@aner378 t han 3, or a group - CH2-B-CH2- wi th BChePwg7/806127

carbocyclic ring of 5 to 7 ring carbon atons, wth a

conpaoung. f XXXV L 08/0 9378
whef QR PRERHe8ha e Rot G Eroub Rono P 1 Gftlocu s darbon-
morlok e) drtieargie@UikeRASdne! pogmehe ds }ibﬂ%éﬁét@i@ GV IRAEIR M is an integer equal to
carbon- rmonoxi de, and ‘arenes |ike benZzene, p-cynene of

orgﬁ@matwelnwconmnen@pﬁfqmu@ an integer equal to or
greater _than 1, a conpound of formula 5 A M.m ( XXXl X),
wherein M L, and m are as defined above, is
obtaAned. In apgyeferred enmbodi megdx®riXy,eacti on schene
XVi i Wun'ﬂs of formulae XXXVII and 10 XXXl X,
Ais a cyclicring like -CH2 CH2 -CH2 CH2 or,
contain one or
Wheﬁ%glr_gd urt éirl\mgﬂgh{]?%gr??é%s}u gg%(gl kyl or al koxy
groups Thus in a further preferred enbodi nent of
ctlon schene viij), (rlI5-CoH5)2MC 2 i s reacte
In a\met gred %?re%ﬂlmgﬂshemﬁ BV iecomnands P%@F@Plﬁ‘é XXX VIl and
XXj(Q( Wis%&r%c%@llcﬁﬁm 25 wherein Mis Ti, Zr, Hf,
. Fig show two exanpl es of feedi ng a
flow B at varlous i nj ection points to a flow A The
e flow path
pi nts, the ' eactor (6) in
_conprises t {1 ow pat hs each-hgving three
n_points. 30 may be mhre than two fl ow
Bsent, a§ II8 s mowe t hahte hr &dla nj wheieoneach ring may

confff kB B B B L BRB ST e
pref@ﬁdﬂled’lﬂé(ﬁl@neﬂﬂ)bﬂrbﬁtﬁ)h léblﬁ’erﬁé)gmhi)s(ﬂﬁmsmﬁl\/ﬂ@ﬁ iy RaGtt@With

From an econonical point of view the nore expensive

and/or nore reactive reactant is advantageously fed to

e SAGH AMeBt ow conprising the cheaper

CH,MgBr

to give a metallacyclus of formula

wherein M is Ti, Zr, Hf, Nb.

Fig. 1 and Fig. 2 show two examples of feeding a flow B at various injection points to a flow
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
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

and/or more reactive reactant.
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and/or less reactive reactant. In nost cases the
Gignard reagent will be the nore expensive 35 and/or
WOrpn0g/00%828t i ve reactant. WO 2008/ 009378 PCT/EP2007/006127
PCT/ EP2007/ 006127 12 Further2zrore, there are no
t i rdi. t he.injectio oints,.the..
FurtRhli A ate 8 Mo R ST PO ot fifing somes
and/drethe @Bactibn htL ronpdier sheRelsof offbettbe upderttandihg tdfethe parts of the
. mcroreactor used in the present invention the )
MICTQFERGLeN Wsae i the presenf gventiom thepnigrorsaciprs ip &ipg.clt and Figs?2 gre depicted

l t I . f
s B L SRR, IS LA o Uty b
as knawin. in e ddnefunbieamond] 8ifferan tmiring 209es ad?or ®ack o zones need not have

reacgtion zones. need not hav t he sane di nensions in .
the sgpejimegsions ngWth Pt lengthy {frif futhen 5Pt RREEBSADAIOPISE @ migkorgactor which

contdMLEPFARE PatifRl ThentioRBA AbBYe ﬁ+ lon®f _h?ﬁ@alf &ﬂftgr f#Sis also possible to
nmenti oned above in one physical entity. It 1S also
exterpas cdinectt mlditeonak imedtion momsemixiagldbhésy neeictiom zeds] eath optionally

oi nts, .M Xi zones, reaction zones, each optionally
COOIe@d)élhgﬁte@woﬁé{.{’?%mt to a flow path. 10 Feeding only a

Feedfn?@ﬁﬂ)i £fa&font JIRhAFRBRHt REERESAD YedcB cbﬁﬁ‘)@élio%mlll@@iigﬂard reaction
of the Grignard reaction whi'le using nore than on
whilg ygirgmprarthpopme injestids pont deads treareimsreashithe muntber oblfiotispots in the

. spots in.the mcroreact.or ile the t rature rise .
micrGHRRIGT B8 e EriEGR B sathlbe Cob S R ERRE o bihBarf Eypical
micrdte&dt6ts @A &l omé fnliixiBH laid saGLON %ot [IPaHHiti®R Gince Bné 6Ne two

In addition, since one of the two conpounds is | )
compgupd is dilptedtim therfirssflow icompeising thespther edmapayndeformation of side
a1 j f_Si i
prod TR eq b DL, AP Rer bl This L INE R B RS fa AT
imprgved\coglesl aver reabfisraved control over reactions. In the
present invention each of the at |east two fluids
i ndependently can be a liquid, a gas or a
In thé;?‘t@?én? fdveh eJcth the J090RPHVSHLQAR idd¥ et an be a liqgiéi, agasora
properties of the mxing zone It is not netessary
superchifital tflugd. Mepemdisg on e mhixinglpropeeies ofifHeahding zinedt #slnet necessary
n addition to the at |east gne general flow path, at
that thEadFast hed PridR e GRSl et one i xi g 2one
and at | east one reaction zone a suitable m croreactor
for the inventive method nmy conprise additional
In addition ¢e theatt leabtemerpeneralifpwasth, ehlsestangimiectiinprinth htdeast one

.retention 25 volunes, tenperature adjustable. prem xin
mixifgCt b A 5 e PR e e BT RAr R GEloP R M feethoa
may &dhaprise Sdaigiotal BrRIE Rk A ¥dréntd SuchaAk tdrpdratuly/adehtaté aaenionh

for Gignard tyFe reactions if used with .
volumep, tameBatyigjadiisiable premiiag valuems @nd gthess knnwipingbe axt.

met hod, inproved control over a fluid Gignard type

reacti on can be achieved, which can result in
It hasHegniféundahat ushhgi agaicporeastot S partidubabt ddvantagenid or Grighatd type

and/or purjty, as well as other benefits. The reaction
reactigngigeq with e Eipign peigtsr f5eqriing tpithy prgseat gisthad, jrpproved
contrb&velh HulIGABRGd tybe RAionahibaULRiel &, vhich can result in significant
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 preferably

in a range of 10 to 200 micrometers.



10

15

20

25

30

35

reaction zone (3). In a preferred enbodi nent the fl ow
path(s) (1) has/have a width in the range of 10 to
wQae@s009srEr oneters and a cross section of 0.1 BCIEPB07/006127
centineters or |ess. Nbre pneferably the flow path
ters

Ina ﬁ%‘ﬂxer Bre% 19 e‘bx'111§/0dn %gntc}hea ol%lgg i eEBncfégﬁ Lippﬁed &'the reservoirs

of reﬁbt@ﬂt@ﬁiﬁjd@ﬁ&n pMﬂt(?)@W 68 ﬂﬁZi&g ReRéER2Y Qﬂd/@ﬂﬁé&gactllﬁ zbie(§) (5) or
further preferre nbodi nent heat or cooling

any pths@ﬁ@wagﬁlt qnfity f the gppioserctas uset Prefswbbiothe sheathr cooling is supplied
by a% %?t%hﬁ? @urc h@gﬁflgégg 1|' %ﬁ)’l@g(ﬁ% f; %%lleg ?o méﬁ%i/tg,gr{l%g%% grld/or slow

dowfi thmhwoml Pasfiérably heht ik Rapptiedrtofiiciate @ahdos ﬁdimtElh&ﬁ@feabﬂl(}h whereas
t he heat or cooling is supplied by an externa
coolyyg s spplied teyslgwdoway the 6%4qtlﬁg I@arﬁrew@@d\sm may bt= éupphed to slow
0
dowﬁ?ﬁg}f Ilee?{atgon),/ Wﬁé%%@f:éblfs?%%ﬂ lé%éttfb\gh?% ?ot %Hg%até@gl}]dé&axﬁ&h% the reaction.
mai ntain the reaction, whereas cooling is suppl ied to
sl ow.down the reaction are cass heat ma
In cagg; B FASLEFAELPTS EHIF ersepiatlvdek Rles Biihe migngaen %Fwaon zone can
be ufEto ABjuSHHRR tdrRSkrifrd (5‘1' thé 2110 HiMurd Bedhcliflethe next fraction of
reacti on I'n case of fast reactions whi ch essentially
the coalpeupd &creadtnin aérigriaxd fypezeavtion vathrtha compourrbaleady preiént in the
e used to adjust the tenperature of the reaction
PXture before injecting the next fraction of the
conmpound to react in a Gignard type reaction with the
conmpound al read%/ ?resent in the first flow
p

Gengahprthe figst flowe(1) pf Buids consaining b rédctipn prasiyat iaiqn'pm@ed éer being
dlscl{i]a?g&il a(?rgl et r?‘ﬁi&g}ef'iﬁ ér %%g{l %)(P)glgec E)ér feh Poel %1%}% fre alm%st completed

wheri €ROtAQDA iflktuEo had assdd e mik gHoat ﬂfﬁy réfuéire ddd@ional cooling while
reaction m xture has passed the m xi ng zone nay
passingdhe reactiomrancdn SHPRIess| sidegpradngt dormpsion; %@fqrﬁ@ng gawirpagiions to

coméﬁ%{éecoﬁlgeéféﬂ%rf@ﬁqeaﬁ's ‘{j@ 518 gdriﬁltcts]c A zp'gltefe?&d e'ﬁ%odﬁééaﬂ&qg? %roduct is

ow reactions to corrp te conversion often
isolas¢dckeitep qoehuhtmg. thé ncaatii. dﬁ&meetﬂie eedctldm desstnat beachiconhpbation in the

i 0 O S SR S ST R G5 s v

fromZtAB SedcRbn $6MeIrahe it BRALGr 518 Gh eRf2fhal tetERONRRDIGHE f2 Hhifher
to feed the discharged first flow fromthe reaction

reactrqm dortheri{érignacd oraghiensot magtbe saitatdx atenthe laseinggetiop point to quench

f fugt . other ignard .
the LA gt sk e iiatest drom e Sieien e O fp @ b pyjeroreactor
befoROit Rlaché d@bﬂgﬂ@mn tbAQoid dvet-rddcAyndi rect 'y after being
di schar ged omthe reaction zone or fromthe
m croreactor before it reaches conpletion to avoid
we BNEGAS8R W Rl e BRiPelly HOBEATRLER Pk vt e

numbdief imjeeier podiitsi Oprapirirgthp Geiéfit.of Cacipiditithal ifedtienebné with the
of each additional i1njection zone with the efforts
efforisandirawbacke of sennesting et builling a futheainigctiontzgne rgw microreactor

des1ér{,”11? gédepen ifQ8Re OB ?éﬁufpeﬁ Ihgf:(ﬁ@affé,%'Eidltlonal programming work, increased

fluid pressure, increased danger of leakage) it has been found, that the inventive method is

first

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

(monoglyme, DME), are preferred solvents for carrying out the instant Grignard reactions in
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design, in general increase of required hardware,

addi tional programm ng work, increased 30 fluid
w@e@ssm3es i ncreased danger of | eakage) it hasPGBEEP2007/006127

found that the inventive nmefhod is advantageously

carrj ed ou ith a mcroreact ris not
it Rafiof: FRBReia e KOt FOTRETaiorch LD EOR DB E iR Rents tend o
floccPA€, %oaglﬁﬁ’t%tdr @%@&Zﬁﬁmze Bh& tiRiEPAIYthd mibroBtriGafeki @ Bould be shown
regions. dycol ers, preferably bis(2-nmethoxyet
that earfjang own Gptignasd reagtdorts, in neficraseastory &t thameesssce(mi@bm glycol

ene B 5 BB RO 0530 B s s
plugEﬁEoE'ﬁ?&ﬂ?o’r&%@l;ﬁl?es (tHartfiels! ﬁﬁ&@ﬁﬁﬁrslnt&ﬁﬂﬁw»ﬁbéth(s@‘; edpRially at
enperatures of 0 C or |ower, gnard reagents ten

low tealperqt@r@& Ut equdd be é@gm ataé(lmdelé@éﬂtl@ll gerditions) Sirigngrd solfions
com@ﬂ'léflg Lthlga ﬁé %3&5] Have a{x Ext%%’éddstgr% & npe"\@m tap 8mpared to
arr%/ln nar reactions In m roreac ors %

Grighhd sbhﬁ@ﬁﬁl o4thofit giycdl efits. Fugherimyee sucle Grighardr sa‘lllfmins may contain
floccul ati on, coagul agl on or crystallization_ of

up taphoyhaP vt eﬁﬁ@ﬁt(%“ £43g8ntpr IQTg 4yl stared prd/or fed to the

I al
i GEBEN kBt o 300 OBy BRSSP cvn
morsprefarredranabdui rd & PCicatdessi Incd ﬁlctthadprefemred)en@udgnattdhe Grignard

sol.uti.on r|S|n at least o co| er have
reagi} 10501 SHUB A TS SmprF e e e ead Ot gt % 6F ket i glveol
ethels Atk b%f&aﬁvytﬂé%engiw&ﬁl 40841197, Bverh ﬁBFéﬁEfé‘P{eﬁaab§Mcﬂ) wt-%. In
|gnard sofutions may contain up to about 20 wt- % of

anothéreprieirgh urther embeditment thecgiyécmvhtheelsslns(ﬂeuethwgvednyl)‘ @tber and/or

12l SR FARGERTAGE sQhsle VNG Selln Baksefyhihod are

anhydkQfseliétByl ellierab@ot tetr:hﬁ%&}oﬂir_ah.ess In a further
preferred enbodi ment the Gignard reagent is solved

in a mxture conprising between 10 and 50 wt.-% of at

I .
Furtllle%gy%ile&%nv\?d%h}/a gée %nc%rggﬁ%sr e?? g%ﬁ\te‘g @c?%%}b@(%p\_éﬁflﬂg égums and the
desceibed babodimehBrof etk prasenb@tvearitrodi nent the gl ycol et her
i s bis(2-nethoxyethyl) ether and/or 15
1, 2- di met hoxyet hane. Ot her suitable solvents which can
D & sesent nethod are anhydrous diethyl
©s ﬁher an‘g?c()frrgfﬁg ahydrof uran. Further objects,

Fig. ddvasthegatic dravihg at anesroneactdré6 tempresing a ﬂmvtmeh (1) through the

endln cl ai nd, the described
whols B pa oA TSt iR SRR CDRac EiRtig egion comprising
an irfjédion boirit (), 8 Sl1LABIZRe ()ANINGetttiod Z8hE (Qr ﬁfﬁ@lteﬁ{ afifild B is fed to a
conpr|5|ng a flowpath (1) through the
fluidvicr or eact or and enbedded three reaction reglons (2)
each, reaction region conprising an injection point
(3), a mxing zone (4) and a reaction zone (5),
Fig. DRB6WS B séhehlatiic rdwing of @@nitforéactotohlpdisthgAwo 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



10

15

20

25

30

35

Fig. 2 shows a schematic drawi ng of a mi croreactor
conprising two such flow paths. Exanples 30 The
WozeBorsagt ors used in the exanpl es and conpar PEDEP2007/006127
exanpl e were made of differens materials (glass or
. ifferently built systens., SO wer.e .
adaifHf Aol RIS peMisnt NG ecsy el Ui peined an
efficient inltdragl tefiperafige a¢j0sthfeht Sydekni At tehiitRAtide dnfrolled fluid is fed
built in one physical entity. Ohers are made from )
to the ppigide serfasreafiiniection eeint(eh mpsingz0ag(s) andeariiongaag(s) to provide an
efficRAfland El# {e?‘[be?ﬂﬁ't%(agl})strﬂ@tp?o ?Jc?]it?@:qgg g&a%jat'\” ?f the influence of the
extern 11T Nngs. TE M Cr Oreact ors Wwere 35
numberyb énjedtionepodetp usile ek dyplestherGriigraird reagerit €270 egRtdntewas fed to a 1°
controll ed bath w t hout having any WO 2008/ 009378 .
reactpgiTin BRSORPFFIGNAS Pty ComsSRANing *8%5? ngnbgre apleypoints. With two, three,
four, fRERS AL iR Réﬁlﬂt JOUF 56, 33Y$ 185 Fpl@k A0, O e/ B Alatfnt necessary
contained an efficient internal tenperature
to rezalj aostpletinn cfith¢ martidrerespettiaclyenp fadadt wach iaben poikt. ekmally the
fluidis.fed to the outsjde surface of injectio
e PR e eRstHE (OBREO R T R PP e R e agd collected. In
mostRialesitHE e@entHaks ibebiPRlerRASd Fithakct enper at ure
adjustnent. To facilitate the evaluation of the
i nfl uence of the 5 nunber of injection points in all
E exl';\rggl es the Gignard reagent (2nd reactant) was fed
¥PB¥a 1St reactant in a proportional way corresponding
In twoGelffagsembI&EmuRi-injédtidh rﬂi@fdi&&otor%ﬁﬂngmo 6rBAc@i®n rediOMY assembled
five or six inlet points about 50, 33.3, 25, 20 or o
from pgpagatidnieotiasf paints, Mirdng eenesand repstiew sernoy (each reassioh comprising
. . he r ' R e fed .at. .
one G P00 o o R PO SEARGL L b cnori
(13.5mveh pinaeedlydrdfoETHE, 86. 5tWits yasdibwe i) and pheh@Bdmagnesium bromide
q;@ncg@d and collected In 10 nost cases the effluent
(1 eqh 49 WehinddEndhess W vivoley flow B, wess reacted. The migrogegefors were
lacdSR SHALE . TelnBeRfire A8jutndr of Rl |
Pla e 2 o Bk A e o B Yo DN B erkfRa B heat
exchargerongthe pter sugface o€ theasinizle parts o Hthe rovdates( Elcticremattonof
C rjsi 15 ane, i njection i.nt, one m Xing zone and,
examples L '3 sAmpBre) reagion 1ages Shiyt 6 EL kel wdume plowing
almo¥trd) cooling BbtwrRN Heihjdcan i, TRE mict A tRDf Ekﬁfi\bllés ‘F.?QO 1.10
d w% in THE (1

phenet hyl'magnesi umbromde (1 eq., 10
compstyed raaotion ggneaof abhaw 2K mérigteresloobune atlvaving e loast adowresfective

- djin.a bath at, 20 C. T t dj t t
oo 1EECPRAGEE bl s adhiscblsmtSahet Sy 4 bl S ptsormed.
The PltRctagtwhared tothd fereattand ig e? imdlardthtid.EheYRElMS 66 the PR6duct

m croreactor of 20 exanPI es 1to 1.5 conprised
4-chlpgos Epheiyl psnian-Jopneedigeted afteptheirpspeetivd regesiampene are shown in table

1 in BlatigM . coQl i etween the injection
n pgklgﬂyﬁ?ﬁgtgnggé Sé](ggl Cg)rndggmg'xarrpl es 1.6 to 1.10
conprised reaction zones of about 2.0 niL internal
volunme allow ng at |least a | ow effective cooling

Compayiggn H&W@ﬂ’t he injection points. Flow rates of 20
In a stife- e @HoM i VRE&RYGLPPEB With one injection point, one mixing zone and one

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

conditions.
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The 2nd reactant was fed to the 1St reactant in

equi nolar ratio. The yields of the product 25
WEL2@R009388 | - phenyl - pent an- 3-one col | ect ed aft ePCT/ER2007/006127
respective reacti on zone arelghown in table 1 in

Iaglon to feed rate and cooling conditions.

npari son exanple 1: In a single-injection
In twonfultifigjRCli @ méiorepRer having PRactidh REionS (eabR icBinpriSiAg one injection

m xi ng .zone and one 30 reaction zone, the reactants

pointonesREFiRg 2one adrone reagtipr dong othl A mLyintareal reacsionivieljume), 2-chloro

proplg %\@hnar ?}3{; fgl éNetn 1ﬁlﬂ=gmﬁ drgﬁ%paﬂ q“ﬁ eSAdO% &fé‘?r) Egglgr}a: (asq/d E’henethyl-

magﬂemuﬁuhl’omdel\ﬂyeq: Halwﬁ%l) ihEH( X e g9 9 tts) Boflow B aeteaRhcted. Micro-

were present |n e nolar ratio. The yields of the
reactey M qomprised piigng Liﬁﬂbﬁiﬂha%ﬂt%t@e%@ nsevidgd a yeyedttisignt

o Y GO A A s
subm8fsingpthd imiconsacton(h 2 GBI R/R1j R hef? 80 pOEIEA Hnll & _low efficient

.Ex 2: In twa nulti-injection mcroreac ors aV|
coolii Pl itesoi SHechoumnainE i SPRGUGRa Py giFyse 1 table 2. Total
flow {%Qésmﬁ20%@ 40 HntPaRQM&st %ﬂgct%ewér% %@Fﬂ)ﬂﬁ‘edz qhie 2‘Bf redct2® (flow B) is
nmL internal reaction vol une) loro propionic
fed tacthe dirstdeactdr® irba prapprtion Qoetespmmhng)tfouhanur@lm-‘qf 18lgt potsoyVith two,

three,\,&ro;%)uﬁo l:ﬁlé?ﬂ%lr}l?ﬁ&h f % %l %Aﬁ)xb/ggi lglgFfﬁlf %{31 eé:e§sé%tt%§'8échlc%mpletion

of thdMle@étfon re§Retiofly Ml GGt pbRI RAthe TR X AR last
structures and provided a very efficient coolin

mjectqqu@)e roggients of Elepe and flewadljwpse fashin egprimalargmount. ”lghe yields of the
r t i.n h
prodL{rﬁ %rcglgogggt @{enwa e%%g‘r a?fn c%ll é/ted ?ﬁl&%qﬁ f’ Spgcrtf& %eaction zone and
quenghied arelsibwaninytatsle R anvreditioncioefoéd ra&OaTﬂdl doglihg Eénditiedsieen
the injection points. The tenperatures were displ ayed
in table 2. Total 10 flowrates of 20 and 40 g/mn
Ex“fﬁ* | ast injection were perfornmed. The 2nd react ant
owB) is fed to the first reactant in a proportion
The remticeperatnplg ltlas bhen perfidreredof two defergoinncsreddtdrk v&tiﬂma, ﬂow of

b e e LR S0 b it Rl ot

facﬂlﬁ&a(itﬂ(})nl\/fl@ﬁx@ A ds¥ Bli¥rov&ichorvath & a8RE Qoblﬂ&%ﬁs% Wxththtemal heat
first flow After the last injection the reagents

exchatmge Slrogugs aimildritoMBN m@wghned very efficientodomting 68 Eﬁﬁ) Thengelds

of the
obtaiseE TR picept Aors Pl P iectine Pl 2010 AN GispRpetively
(Exarhpl@s B qsmcj 3)v 6r thecGhjefio poiaits3Hl 20, QURANET REFecHREMTEXxamples
intable 2 inrelation to feed rate and cool i ng
3.2 andohd) eresabectedintpble 33:  The reaction of exanple 1 has
been perfornmed in two different mcroreactors with a
flowof 20 18 g/mn. MR is a netal microreactor
Compartiseir @ainple 2a cool i ng bath without further cooling

Exa

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

table 3.

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,

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

facilities (LEC), MR3 is a glass mcroreactor with an
active cooling systemwth internal heat exchange

W@ R008009372s simlar to MRL providing a very efPCTERWDT/006127
cooling (VEC). The vyi eI ds optained with microreactors

magn?:glggl cqul?%\%i {)BJ Y I on rf o%@(%—%ﬁtgoégg}yﬁoeé%r (30 wt%) and
tetrahyﬂnﬁntanqrm@ laﬂltl 80 att%) &Qﬂo& BReérefabicd SIORRId MEI/Mg molar ratio of
anples 25 3.2 and 3.4) are collected in table 3

aboutbh%)aﬂs besA t@%&tﬁpfﬂl@nszh thereacpioalin sheynicrorsactereffluent. Hable 5 displays
the rﬁ%ﬂﬁe %n?letﬂ zﬂ? QO#Q&HB ffoQ\?Ac[w? d‘% 'R %}ngaflrﬁ?o%gpatee stglchlometry

cro ors aving one ection
[mol/ad]ylee tosd IflloEb([@Vmir@ Stha telnp&’d’ﬂﬁiul?e @f)the hé4t résehloiciised forthermal
30 tahle 3, Exanp In a comercially avail able

adjuspientiof the 'infﬁr%f@?‘it% aw&ld@is &34 6> 721 9 exdurt{g- M&.&ﬁ methyl 2-
A o,/ Pi Nt, one m Xi ng

xR R D el Ph A AP e ate (10, 95

15 or 20 wt % respectively) in bi s(2 met hoxyet hyl ) et her

éa 100 wt9% _as flow A and ethyl WO 2008/ 009378
CompansenoxtiPlsFs127 17 nagnesi umchloride (19.1 w% in
In a @BnitherkiAll§ a9£11§%ﬂ§&8nmjg@fé}ﬁqﬁm III)ICI%E‘&%{‘OI' (ﬁ%Qn %r@mé‘ﬂf#nethyl oxalate

tetrahydrof uran ( THF, wt %9
(10, ¥earA0=wlt% FSpestively) hﬁ:bis[\@mcdlcawethat)eﬂxen@d 1@6 ovr%)hs Ihw A and

ethyl%%éq%ﬁglg gﬁ%sggkﬁ ﬂgﬁ?? E]n]-ég}elétrugea liéig(?%}gthto?ﬁaéhyl) ether (30 wt%) and
tetraHy@EdTfahi (TEIF b d B OO W09 % f18WeB G RAtted THE] PY I'Q‘CI/M% m¥far ratio of
the Gignard/ oxal ate stoichionetry 5 [nol/nol

about bi 3 hag lPQ@WU[Sgd 9 qench the r@@fnperlathprrelcmrewi@r efﬂacnt Table 6 displays
the re:rﬁec'c%% f:tH?le(gxaﬁa% él}qgntng ﬂoa}j}a%zzv;t(r%?%lg ggn%rld/od(akatte stoichiometry

[mol/Amid Jykh tetdlﬂﬁbh'y[lg/rﬂm ke tdﬁh{ieﬂt&feﬁ)f th€ Béwt @és‘éh@lil‘ L(s€d for%h¢rmal
and selectivity (S, ari son exanple 3: 10 In

adjustmeny e T Prgacioma ps WQI@S mﬁ%nP Yo7l of Brodnete- MOB = methyl 2-

' r ooxalate (10, 15 or
X0 Hﬂ&ﬁ%f%%%?,gg%élgh gg/c?a%g%legﬂ gwn@h/ yet hyl )ether (ad
100 wt% as flow A and ethyl nagnesi um chloride (19.1

m in a mxture of bis(2-nethoxyethyl) ether (30
Tablgdos and tetrahydrofuran (THF, ad 100 W% as flow B

Wer e b HT! T ar T T
1.15 %ﬁﬁj%ﬁ?ﬁ gk&nﬁlgueng e reggﬁ;o% iIn Ex?ﬂﬁﬂé Exfmslp le
:neglro g te?%é %}lo%’f f |2u;$1 ectlglll ;i@ nl:eg 1?% ht 03 in ecr ?% A f ghon @6 injection
5 tfnvcu npgl ¢ oil e hPORES: ¢\ pwn S| ) 1DOIRl5e [ ' points
40 g/min| fI e terrperatur ¢ he heat o o
%\yt?[bs/g r2¥ ﬁer mal  %8j ust ne?%i‘oéf 1 he?l'OA’ 33.0%

dobfi
rlor?icr eactor as well asjvield (Y] [%) of |product

20 g/ﬁirMB = net hyI 2- oxo-butyrate), |conversion (C, [UY)
and sel eddidpty |(26.7% )| 31.0% 32.7% 35.0% 36.0%
no cooling

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



20 Table 1: Conparison Exanpl e Exanpl e Exanpl e Exanpl e

Exanpl e

exanple 1, 1.1, 1.2,

1.3, 1.4,

1.5, 1

WO 20800438 2 injection 3 injection 4 injecti onPGI/EP2007/006127

injection 6 injection
nts 40 g/ mn,
Ta bfr%(? cooling 20 g/ mn,

poi

t 1poi nts points points
22.5% 27.0%n.a. 30.0% 31. 0% 33. 0%
21.5% 26. 7% 31. 0% 32. 7% 35. 0%

36. 0%/ @6mpaAsInND Ekazm 1e nCExampaél alEx@mpldG Exahlé | Example
ef fi cilerkampr!1, ND" ; very effficipgnt gool i Ry’ 1.10,
2008/ OOQ%Kj%cPﬁT EE 5091063'%7 ct L&fiof: ﬂ?ﬁ% SI%8injecti
jection
xamplie Bl © Barpl néxa”%Emts SHAMBEEIS | points
40 . y 1. O, J, g J.U, I T IIJ cei oI T ettt o 9o
g/H}‘Bcu ony f?d dNj ect Ih@Nsop 1 [Nj §§tsopn |6 | jpecti on3%_§9/1 r 37.5%
LEEOI Nt poifits poj nt's poi nwts poi‘Nt s g/m : 5%
29 5%|[33 5% n.a. | 37 5% 37.5% |EC 20 g/lmn,| 21.5%
20 g/min%|33. 5% 36. 3p6 37. 5% 38. 5% LEC n.a. = ot _ ,
Lgdvai | gol l.5%c = " 128W%f fli ciPéit cool ?’ﬁé% EC3Z5%erly 38.5%
gffi cilent cooling" Tableg 3: Exanple 2.1, HExanple 2.|2,
n.a. =X i¥Vafatle SLEC mglow%fffaw Oll% : GEQVRZ veﬁoefﬁmen\/%ol}ﬁg"’
LEC 10 g/m n n.a. g/mn n.a n.a 6. 3%
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.
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”




38 g/mn n.

a. n.a. 35.0%

60 g/mn 43.5% 37. 1% n. a.

40 g/ mn 46. 3% 40. 7% n. a.
80 g/mn 42.3% 35. 9% n. a.

waoesgresirs 40. 1% 33. 7% n.a. 5 n.a. = not avai PEDER2007/006127
LEC = "low efficient coolingl'g VEC = "very efficient
Tabl gol ing" Table 4. -20 C 0 C 20 C Conparison exanple
971, MR2, LEC 29.8% 25.6% 21. 6% Exanmple 3.1, MR, LEC
n. a. [3Bx>% F8ed Y0 | BiddHb-£ %1<2w , LE&¥ nja.c36. /%
30. 0% Conpari son| exanpl e NRB, VEC 36. 1% J0. 6%
22.8% Exanpl e 3.3, M¢RY, VEC n. b . 7% 30. 0% |Exanplle
3. 4, » VEG 8.1t .30, 0% B2, 99 n t [apa] ||ablg;
vee 4y b g Jn"%oq%oﬁ% pn \/E% X Aoy ol
cool iing’1 VIO 2008/ DO9BYH F’CTZIQEPZ DOA 008337 | df [T8blee
5: Eeed-1 Stolchio- How T Y C netgy # [t -0
[ mol /{nd1Y | gA®Pn] [d]ll% [%0[%154 8920 100.01788¢. 9
_5 8‘.f‘ f\8.9 ﬂl_.G n 1 _4" Q0 n 1r\n.n
59,51 45 o190 1o Bb o [ 9% b oy BohT b UL 4 385
1.11 4Q<O -19587. 4 9817 88.40.04] 2120 871k 14838.9339
78. 0198 79 4 416 20 .0 1.16 4D. 0 5 84 7199 Q185.5
4.7 ¢.O.4C5 1 02011)0 D 5.7, 9| B.% [6:5 | 4889 202 1. 719.4
40. 0 =5—7FA6595 8249 20 P15 A0 015182+
oo 0|36 | S2BP ko T.16 | B00 [ 5 T84T {590 855
4.7 20.0 1.07 40.0 5 70.9 | 92.6 | 76.5
4.8 20.0 1.11 40.0 -5 77.6 | 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- | 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 | 773 | 949 81.5
3.3 10.0 1.17 40.0 5 73.4 94.4 71.7
3.4 15.0 1.17 39.9 -5 67.7 94.9 71.3
3.5 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
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C.-Ex. Feed-1 Stoichio- Flow T Y CS netry # [w.-%
[mol /nol] [g/min] [C] [A4 [A4 [99 3.1 10.0 1.17 40.2

WO 19881938 96. 1 84.9 3.2 10.0 1.16 40.1 -5 77.BCEEPEH07/006127

81.5 3.3 10.0 1.17 40.0 5 7204 94.4 77.7 3.4 15.0
1.17 39.9 -5 67.7 94.9 71.3 3.5 15.0 1.17 40.0 -15
74.0 96.6 76.6 3.6 20.0 1.23 38.7 -5 53.3 90.9 58.6

Claigy 2008/ 009378 PCT/ EP2007/ 006127 20 Cdains 1. A

1.

R rdtod Qi 2K o1Pa Piten o Tk ARl RETR AR BIREASE b i,
fdnei af shecatripast siven uitls compeising aadohgound aslacs reaict Wwithan Grignard
Gignard reagent in a Gjgnard type reaction (1st
rEaEanh 1t § CrigRdrddyeg Frastion UF deastimh pad ﬁ@otberéﬁ@ FYRBFiYNg 2
SPERE et e, an@BRSRhANCE Wikl Bfing place in
comprosactgr @) compsisingraeldhbtommegvhpdth (1) for onnef the at least two fluids
at. | east. Imohaluldsﬂ g#@ico rising either. the 1 st or

AAd CPEREsRgeIthering 1t 05 JERIHTY) SabHBY PRIy comprisifggat least two
t%@ctioh@*ééibh@&)!@&h?éh%t%@}egi@rﬁ&hggﬁﬁﬁg hiPThjE&Bh Pint (3) for feeding
conprising an'injection polnt ( for feedin t he

dhiethenpre of the two finedsf(B) comp(ising cthgrthe 2 @rdF rérstant, remixing

2nd Ast, .r.egactant . a m Xi,n 0,zone (4) i.n which the

70 B3R St R B G B Sk BRREoh R e SR A5RE (5. and
zPh& e e mictdreadtoe bpiiohallyProvigésiRask nidre @BditioRaA rkddence time
provi des one or nore additional residence tine

vesilumess and wdrergiie inesaid mgthodiope o thea lesatetwet flwide cemprising either the
I tond ' . rd S ' r.t t ar ~2nd
P BURRER A3 Al St Wt grligr oGt et owo
omédoorhesing eitleastie 2or 17 taabest 8 ompEtes img sail thharfldwet least at
2nd .or 1St reactant is,igﬂected into said first flow = .
dvoigigstionypoints (P halopg paid dloynpadshtly i ayvay syelythahatgeach injection
; . . : . .

S B LT P ol U Rkach ol Sl Urihe Gfpard type
ceaghioatis ogeadéd.t he Grignard type reaction is injected.

2. The nmethod of claiml1, wherein the flow path(s) (1)

has/ have a width in the range of 10 20 to 10000

T REMbEbE claltf 1awhERESthS FoW Ph®) (19 hds/ASHA] Ridth in the range of 10
less. 3. Th I 2, wherein

centineters or The net hod of claim 2,

tthd 000Qmigramistens ahdha cross sectiom ahgé sqhiar¢ Gentim&e6 arilesso-
net ers.

The method of claim 2, wherein the flow path width is in a range of 10 to 500 micro-

meters.

The method of claim 3, wherein the flow path width is in a range of 10 to 200 micro-

meters.

The method of any of claims 1 to 4, wherein heat or cooling independently is supplied to

the injection point(s) (3), the mixing zone(s) (4) and/or the reaction zone(s) (5).

The method of claim 5, wherein heat or cooling is supplied to initiate, maintain and/or

slow down the reaction.

The method of claim 6, wherein heat is supplied to initiate and/or maintain the reaction.
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25 4. The nethod of claim3, wherein the flow path
wdth is in a range of 10 to 200 mcro- neters. 5. The

woreionoah3of any of clains 1 to 4, wherein heat BCT/EP2007/006127

10.

11.

12.

13.

14.

15.

cool i ng independently is supplied to the injection
point(s) (3), the m xing zone(s) (4) and/or the
reaction zone(s) (5). 30 6. The nethod of claimb5,
wherein heat or cooling is supplied to initiate,

MRhOIRIHA VP e 6, WHRYKIA BYRirdeNS stiiel it Mow/down e FEIRBH.

of claim®6, wherein heat 1s supplied to initiate
and/or maintain the reaction. WO 2008/ 009378

PCT/ EP20Q7/.006127, .21 8. ,Th et hod.of clai m.6, .
o EieFro0 SRR 6T Pl Bob BRSO Ao ER ) amprise to
Ireadtivhh fEBiOROE)Of any of claims 1 to 8, wherein the

m croreactor (6) conprises 3 to 6 5 reaction regions
(2). 10. The nethod of any of clainms 1 to 9, wherein

i n, sl ow r,eactiops, the,reactjon i.s guenched fter.the

| S methodol any 9B slatmit k¢ & whetpndR sfoer i¥ehiins i raction S quenched
ldfter thelabBre@ibnodona BEfoRé itGeaheScompletid), wherein the
Grignard reagent (2nd reactant) is a conpound of

formula R-Mg-X (1), or RI-Mg-R2 (I1), 15 wherein R1

[ Le Cc . . nd .
oo BleRRELE ACOE biindl Qo QRBteRt G Hbnl flgent (2 reactany s a
weansound ¥fifsrmaghect ed fromthe group consisting of

chlorine, bromne and iodine. 12, The nethod of any

of clai RsM&& 11, wherein the 1st:reactant is a

c ound of formula 20 R2-X (I11), wherein R2 is

sel ected fromthe group consisting of alkyl,

cycl oal W4—MgaRﬁenyl , al kynyl, ar@, and aral kyl, and X

Is,selected fro he group consjstin f.chlorin

P BREHER BRPelfa ram B B qershne lalkyh Ssfpat alkenyl, alkynyl,
Chl BRd JarkIRyil land RRERIMN X NE sdiséted FASth ARE drSuP cEAMRIENES chlorine,
cofrprising “one or nore polar nultiple bonds |ike C=Q
Chmig=apd iod®e. N=O and S=0. 14. The nethod of claim

13, wherein the 1st reactant is selected froma group

consi sting of carbon di oxi de, al dehydes, ketones,

CEhO/Mod ©f Y df BRirhee %o 1 ESHIRéin the'l *hREctant is a compound of formula
R>-X (11D),
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.

The method of any of claims 1 to 11, 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.

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, thioketones and thioesters.

The method of any of claims 1 to 11, wherein the 1* reactant is a compound having at

least one activated hydrogen atom.
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30 thioal dehydes, thioketones and thioesters. 15. The
met hod of any of clains 1 to 11, wherein the 1st

WO 208068378 i s a conpound having at | east one apCT/BER208T006127

16.

17.

18.

19.

20.

21.

hydrogen atom WO 2008/ 0093782 PCT/ EP2007/ 006127 22
16. The nethod of claim 15, wherein the 1 S reactant

.5 selected froma group, copsisting o boxylic e
a@r%@eﬁﬂéog@m&mg@m% 33 rRATtanp}s %%F@ﬁﬂfpa? 8 gfpup consisting of
adakBYRylit A9 ald cdrﬁf)&mdg @4 PRe one bf mofe ﬁqﬁraﬁ’}q ahfiho, imino or thio
carrying out a Gignard reacgl on I n a mcroreactor

vgrevpsi n t he reaction mxture conprises at |east one

gl ycol ether. 18. A nethod for carrying out a Gignard
reacti on according to any of the clains 1 to 16 in a

A GrheRMRPOE Bdrryihl ? b8 GrigRardad&dtioAin Hirtdréactl Wier§if thefeaction
| east one glycol ether. 10 19. The nethod of claim17

onixtige comprsgsrat \@stone gycaltethey, of at | east one gl ycol
ether is present. 20. The nethod of any clains 17 to
19, wherein the glycol ether is

bA $tefhatefoh easyh § vl £GhRi@hardlreadidel/a@Eording to any of the claims 1 to 16 in
1, 2-di mret hoxyet hane. 21. The nethod of any clains 17

tpmpgroreagien whereinrhe feastion atigiuee eFmprises af legsi anel glysakgther.
fed to the mcroreactor is 0 C or |ower.
The method of claim 17 or 18, wherein 10 and 50 wt.-% of at least one glycol ether is

present.

The method of any claims 17 to 19, wherein the glycol ether is bis(2-methoxyethyl)ether

and/or 1,2-dimethoxyethane.

The method of any claims 17 to 20, wherein the temperature of the Grignard reagent fed

to the microreactor is 0 C° or lower.



