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prepari ng or ganoborgp, conpounds whi ch invol ves reacting an appropfi at2&]3y
substituted organi %@onpound with a substituted borane. In particular the

i nvention rel a ynthesis of aryl or vinyl borates using

di substituted mmmmmmmmmor anes and rel ated species. These organobor at es,
and their correspongdl.ng boronic acids, jare useful reactant umumw,ﬂmmmmm
coupling reactions. They are particularly useful in the sy w
and known organi c nol ecul es anqyiR¥BordRMidiE PHé@Ss I N the synt hesdogoof
pharmaceutical s, pesticides and ‘ot her useful organic conpounds. The
conpoundsThie paveadod reises td a ipnacessriadi pa¢pasing wdgdnebbmbin mynipoondsswhiol igvofvesi C
synt hesis and are usef ul f’tn otrlrgliF atorial 10 chemi stry. Processes for

form ng dE3AINENI" BBRFGRIIHEY AATBANIE SAFROHES  Willh @ substitited borane. ndpa-

mol ecul ar, i [ idl ' k hemj, st .
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| SBN Olcﬂgg{é@é 3-7); and N. Myuara and A Suzuki, Chem Rev. 1995, 95)
24S7- 2483. talysts of palladium its conplexes and its salts are well
recogni sed for activation of CGH bonds towards coupling reactions. In this

regard the Heck reaction of an al kene with an aryl 25 or vinyl haljde in
the presdBeEssss 19R [OTHHNE RO HRGHL \P&Pﬁ‘%/@“%wf’%‘so‘l&é’é‘ﬁ Gomwouns; deth igteri adeintiay e

study. O he o, : . I . b u een
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depends ftfe kndwar, @schersipdring it otwvh apaidd stactide somtitdorsh solvermns; tdatalys80activadng i ons.
When two ~3- hydrogens are preseEt in the al kene the action generally
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of regiochem stry and/or chenosel ectivity (such as the reducti
nunber2MiCadilystefiemnivations it Oogemlic Symshess)by(ISdaujil JdiinyW e &aSuhs A1998u ESBN 0- Chem

Rev. 1995 572 ... | nprove t hodgol ogj es S jred for the
syxt hesi §)761%§)3§£‘§Hé‘“3§i§({%gpaﬁ‘\ésgb§‘f@?ﬁu?:glﬂ evé§é§1$$3gﬁz1%9 mpounds are
of great interest to the pharnmaceutical and agrochem cal industries. A

gr ea)/ nunber of these conpounds have been found to possess pharmaceuti cal
act ini t y Camdlydteofopabledismh dts somplemes andrith sabss e welbfagbgmsestt for activatiomoldl i s

also interest fromthe. pol yner i stry i | yner repared by. the || nking
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reagent, involve harsh conditions and are not suitable for ‘aromatic rings

wi t h act isweyhy@thogGroupovill hinetah gatglybis ¢ such es piatin®mb bavetalgmbesnwistditozactivate
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The success of the Heck reaction depends to a large extent on the substrates and the reaction
30 conditions. When two 3-hydrogens are present in the alkene the reaction generally leads to

the formation of the (E)-alkenes which are often contaminated with the corresponding (Z)-



20 can becone involved in unwanted side reactions |eading to un ﬁ ah2 b
products. Such substituents need to be protected prior to reacti Bhni ¢
acid derivatives required for the Suzuki reaction are traditionally

synt hesi zed t hrough highly reactive organonetallic internediates. 25 In
view of the severity of the reaction conditions the range of substituents
whi ch could be present during the for2rati on of the boronic acid derivatives
was considerably Iimted, and the range of useful reaction nedia (solvents)
was restricted. It has now been found that aryl and al kene borates can be
synt hesi sgidedesom particul ar 30 substituted olefinic or aromatic ring
conpounds under mld conditions and in the presence of a range of
substituents. This process overcones or at |east alleviates one or nore of

th -- ~3 Y2003 -3 | t i h f
convent o WFOuR] ket pare o i R o3 58 R A BT A ikl £F i wleses |
the case l@fgl\'ﬁé'@uﬁllw paddatts O hé fcﬁh&a&eobﬁwawsan-mbdmadndk SecStctlekihile the

material is an al kene and not an al kyne. 5 Accordingly the invention
provi de§ wfesensesahovelahe pme%fm the grepagstion af tie Ial:m@ylbmams)by the cemmonjiijugéd

t ef
hal bgen- | SR rttion 3 syt § 1EuBRRHER of B Bt Gt Re Bpoppiepedy
aromati c thidugh q&mm%gi@énemﬂg aldoP IR dRElcetBli§qQth lak ke &amwnw%hmb& a
ring - -substitution position, said aromatic ring conpound al so having a

| east oneofshiﬁ&srcmttfumﬁmgd@rw)e@ftﬁ SwahaagndnAp Syawidi Sbﬂlgdh‘yf IHQﬁer)Zl‘th%m no,
sul 11 ny b T84} ey &l methbadionis £ Rk makrR oy RAMhuRR At pIeng bpieesia | o oy

sul fon«p@ydr oxi nyl, sultanyl, phosphinyl) phosphinimdyl, phosphonyl,

di hydr oxy osphanyl hydr oxyphosphanyl, phosphono (|nclud|ng phosphonato)
hydr ohydr mtlwphora}nﬂ trlaarb%phrapcwndsginamfcﬂrﬂai inkeyeR fo ol , pharmiackutical cand
ureyl ene 20 subst it ut ed ohydr obar ane r ce o

& oup 6 PRl AR Atres iR Y e SombSimch PekdlBedt BTGPPSR ue
is int roguﬁﬁﬁa tichNEtiFHP SWhld 6thr HRA0S bddnFBund @ beCRBHSE PefiRsds, TiRrd Ratdo ON
descri bed above will be referred to as the "boranation reaction” . 25 The

t er m " di sinfesssst fromehe palyrotryiddesoryr iarpolymes$ prepared by the lioking sogatherd araindtiovi ng
t wo nog?ydr en substituents and one hydrogen substituent. The term "borane
residu 984 di substitut ed nonohydroborane noiety after breakage 30
of the B-H bond. An exanple of a borane residue is the noiety (RO zB- where

R is as defined below This process is fundanentally different fromthe
convent i mvemwnbmlmds dar pomi@sls/ebm tarmnatsmbgga tach @ i ceacsion f Hasy

%h?_r]~a?_?|a?pa@§rlafa‘ G drl gagen T lt?atrsxl %ngfn%segn K ire 5 ?tanb %r' z'tsrox'ngt\llcorlu\llgesd

with active hydrogen containing substituents. Substituents with active hydrogen atoms also
20 can become involved in unwanted side reactions leading to undesirable products. Such
substituents need to be protected prior to reaction. Boronic acid derivatives required for the
Suzuki reaction are traditionally synthesized through highly reactive organometallic

intermediates.

25 In view of the severity of the reaction conditions the range of substituents which could be
present during the formation of the boronic acid derivatives was considerably limited, and the

range of useful reaction media (solvents) was restricted.

It has now been found that aryl and alkene borates can be synthesised from particular
30 substituted olefinic or aromatic ring compounds under mild conditions and in the presence of

a range of substituents. This process overcomes or at least alleviates one or more of the



Accordi ng to conventional hydroboration processes, alkyl 3 and MAY

al keneboronic esters 5 are prepared fromthe correspondl ng al kener% &\alggps
al kynes 4 as shown bel ow with pinacol borane: 5 RO\ R+ of 12 "' 10 OB-H
+ ~~~0B//- RO/ O~J/ 5 15 These reactions fornmally add one hydrogen
and a boronic acid ester across the respective substrates. No base is

requi red and al though the reactions may-be catal ysed by transition netal
speci es these are not essential. Wth nonoal kyl al kynes the reactions yield
the (E)pinacol (1-alkenyl)boronates 5 as the ngjor stereoisoner. The other

two i somersnh@icRltoebutéredrie il fifd 6ihe doavakivailnhydsbtgadidi meiRUBREP!AAYs O

O- 25 5a wever the sent inventi ovi des a conveni ent
Foute to dheGCHA SIFERG" S i Of R RErartoadaipBpOtiS 11 DAt e rGeunk
doubl e bondatagaldeas hikegelagbastentdiigyner esent i nvention results in the

repl acenent of a halide or halogen-like substituent in the vinylic position
with a borane 30 residue. Accordingly the |ocation of the borane residue in
t he pr ocﬁjodtccbsdiggiyethﬂdm'ebtyort pevides atproeess ffort the spuathesdeof an alkéne-or-aryl B0flte - S
Aromati c Elgjg rﬁzﬁ ydroboronate with the use of the reagent 1. The
process accor d| ng Yo ‘esent invention al so provi des advantages over

ot her processes for actlvatl ng carbon atons towards coupling reactions.

Accor di ng o the &@gﬁ{%ﬂ& gﬂstﬁgi@eé Hafo Hso?' Pah &qx&y@bﬁﬁﬁ%@@ Wi{iﬂzlic

range of substitute bor out t he nee

prior protecti @hb%nutaonm;émam ety of functl onal groups, including active
hydrogepy functionalities. It is possible to generate the disubstituted
nonohydroborane in situ by reaction of a borane | 0 with an appropriate
al cohol oriian na.arbmadc pmgtdomploand faying heratozen @mﬂmngﬂ(etshl@stMname aa$ﬁger
so prepared ca sed

process can be S‘L’JI%SZ‘&HPS pﬁgﬂera%él Jgé;fﬁéf;i‘é} n\}%qtupﬁgggélgi“g%/agmgge B'I’bsume“
di am des. Thi s spiected Ssoms uhe gisipnapinyistiig of/vbyctrhey geniaoaimow, acdyleeactdrboxyof

di substituted ob ic e i ate hei orm

or which readi :m"agl Y“g op%frr ‘?2 ggprr%r}gﬁn{dxg S %?Dés gr%m%it Shdfgﬁﬁ?ds’ﬁbf 1

s borane t hat aukﬁnnbydrgﬁmylmselifpnmdsdacsulﬁmdmml i,véukfmhdémxmﬂl Houltamyl,

el imnation andybhesf1 MRS HiARRdy1, phosphonyl, dihydroxyphosphanyl, hydroxyphosphanyl,
phosphono (including phosphonato), hydrohydroxyphosphoryl, allophanyl, guanidino,

hydantoyl, ureido, and ureylene

20 with a disubstituted monohydroborane, in the presence of a Group 8-11 metal catalyst and a
suitable base, such that a borane residue is introduced at the substitution position.

For convenience, the reaction described above will be referred to as the "boronation
reaction”.
25

The term "disubstituted monohydroborane™ refers to a monoboron compound having two non-

hydrogen substituents and one hydrogen substituent.

The term "borane residue” refers to a disubstituted monohydroborane moiety after breakage
30 of the B-H bond. An example of a borane residue 1s the moiety (RO),B- where R is as
defined below.

This process 1s fundamentally different from the conventional hydroboration processes in that
substitution occurs rather than addition. Accordingly a completely different mechanism is

35 nvolved.



may require nore vigorous conditions. Preferably the borane used to
generate the disubstituted nonohydroborane is a polyhydroborane.“Hidﬁﬁ1qgn3
of pol yhydroboranes whi ch may be useful according to this 20 aspect of the
i nvention include sul phide and ether adducts of BH3. Exanples of such
adduct s include dial kyl sul phi de adducts) such as BH3. S(CH3) Z, et her
adducts, such as BH3. THF, and cyclic sul phide adducts such as

BH3. 1, 4- oxat hi ane. Preferably the addéiet is BH3. S(CH3)2. 2s As nenti oned
above the aryl and al kene borates so produced may be coupled to other
organi ¢ conpounds havi ng a hal ogen or hal ogen-1i ke substituent by reacting
t he bor at Acodriingttb@onvendionat hgdropotanidn ipfodekyes pallepenar dkemb&roaiiestrd § aret al
catal yst and a suitable base. Accordingly the invention provides a process
for coval RisPaERd 5P| the GOBEPARTIEE AYREEU A ARRAFIKYASE chac#igsry belew with pinacel ~—r
2003 -6 ( raJﬁ)er,eparing an al kene or aryl borate by reacting (i) an olefinic
conpound havitig a hal ogen or hal ogen-Ilike substituent in a vinylic coupling
position, or 5 (ii) an aromatic ring conmpound having a hal ogen or

hal ogen-1i ke substituent in a ring coupling position, said aromatic ring
conmpound al so having at | east Pne substituent selected fromthe group

consi sting droxy, am no, iWino, acetyleno, carb thpludi R
car boxyl at0)], carfboxithi dyl+ s o, sutftnyts—=ul finiw|dyl, B
sul ft nohydroxiOfyl ) sul foni mdyl, sulfondiimdyl, 10 pnohydr oxi myl ,

sul tanyl , phosphinyl, phosphi ni m dyl, phosphonyl) dihydroxyphosphanyl)
hydroxyphosphanyl? phosphono (i%cluding phosphonat 0), 3
hydr ohydr oxyphosphoryl, all ophanyl, guani di no, hydantoyl, ureido) and
ureylene, 1 ~ with a disubstituted nonohydroborane, in the presence of a
G oup 3911 nmetal catalyst and a suitable base, such that borane residue is
i ntroduced at said coupling posi/tion; and (B) reacting the al kene or aryl
borate w th aQ)organic conmpound’ havi ng a hal ogen or hal ogen-1i ke

at

substitu Ebcoug*ing posi4ion in the presence q up 8 Rretal 20
cat al yst S e bdse, er eby the ofefi ni c aromaBie-ri ng
compound i's c8Upled to the organic conpound via a diTectobond between the

respective coupIng positionsg This process allows for the prgparation of
symmetrical and asymretrical products by selection 2~ of apprggriate

reacta?%s. It is especially convenient to conduct this process in a single
pot without isolating the aryl or al kene borate, however ~t has been found

that the THess e€uetiony formaigpeddonelhydibgdn dndt £BorvRICIRITIEREOIRHR the Respaétiiel er e
with the coupling step, resulting in the formati on of unwanted 30

by- pr oducubstratess oN@i basg 15, reauires andr dthangh therreastions may be| cagilysgd jbyrisansisiont e,
t . . T o
oroton ddTeit techts ShesP BOMN LBALE M bodE T PERTRASRE raBRCLIR Ae TR 7' ©

The ease ijufcbl Uhdlednylbstopaecd s e milpstisidredissing . ~ThHesdrtioabshées Sacan Sbe
1S

destroye of specific advant%%ﬁwgn~ the formation of asymmetrically

coupl ed prodifficult fpyohtaa usigg ship s lo8Bd. In particular) the formation of

iz;a_} %O\B%R

25 5a 5b

However the present invention provides a convenient route to these difficult to obtain isomers.
Instead of addition across a double bond as described above the present invention results in
the replacement of a halide or halogen-like substituent in the vinylic position with a borane
30 residue. Accordingly the location of the borane residue in the product is governed by the

location of the halide.



- s fwa; 2003 asymetrically coupled conmpounds, to the exclusion oﬁﬂ
symmetrically coupl ed conpounds, requires that there is no exces"s6 AY 2003
di substi tut ed nonohydr oborane present in the reaction solution when organic
conpound havi ng a hal ogen or hal ogen-1i ke substituent in a coupling
position is added to the preforned boronic acid ester. 5 In the case of
olefinic and aromatic ring conpounds_4fiaving hal ogen or hal ogen substituents
invinylic or ring coupling positions respectively it is possible to
prepare symretrical products in a nunber of ways. 10 In one enbodi ment the
di substi tut ed nDnobor%pﬁiis ﬁ&?tﬁCtEdtWQ%h t WO egﬁivalent of olefinic or
aromat i ¢ MOARUESIPRARLSAP F05 IR(eRoLgnRie yaitly he ise PTE reqeent Lni'ch bor at e
reacts with the remaini ng hal ogenated conpound to formthe coupl ed product.
According to this enbodi mrent the coval ent coupling conprises a coval ent
bond bet vidherprodess acopkag fovhe preagit invgniamsdisd providef advantagasloveudtber mbcdshes

hal ogenat ed conpound. A second base be.added and/or the I S reaction
Xt or o 110k AL b RO iRy GRITY EAACUT: e aRgng b tdbeesel et 8”1 o
cat al yse j0posRibRBtsgnibGseCOiRle ke o 3stiffted ﬁhﬁﬁﬁ'@%&n&%b%te@xbﬂﬁ&dt‘fﬁe QP! i ng
may be used, such as described in Katharine H Smth) Eva M Canpi, W Roy
Jackson, f@ethesrianprvector of @ wiGhaariay of f@ictivhal xewps, muthatiog Gteve BdréEacon
S~-nlett Jan | 997, |31-132. 20 The symmetrical product may al so be prepared
by first [HERBRNUES- the aryl or al kene borate and then adding further

hal ogenat ed conpound to the reaction nedium As wth the previous nethod it
may be necessary to add base and/or heat to the reaction to pronote the
coupl i ng It B3RkibR.to Igkieratesheaduintinastinogoydeotedie ihalio e Redctidn ©oaPOLHHE t O
the reaction nmedium a different hal ogenated conpound is added, then

unsy i Widian appenpriateicopl gaming. infgartiopiripasefeiied prbodimentiibe korarssester
nonohydr r e j.tdan. . LG i-S.. advant S.
Addi ng a%é)g)(r: r%gedsj%{nv een‘tIS%l8 3}“\5@8 ?E f188[aﬂég| Enaglréanogér%g gb ée%ﬂlﬂg, glsh ésopr(g)fa' ngg\%g% age
when t heulis® gefierales@, ublvell afesidtfanfidds\o iamidad THis plobes RerpaikmgBydaloesi s.

The terns "ol efinic" and "ol efinic conpound" as used herein refer to any
organi c dengengratioBnd 0aqtign &f dissbsitutedh moaahyseebarancs artdeihcasabbeisplated ihi ch

is not part of art aro ic.Qr .pseudo. a ic system.The ol.efinic
compounddifipes Srn FLOTEh rae Bl BRPaRiGRHG ™ Sl SiFeier Aagnte 0ty qfny
2003 _1G_p6fagk Mat Rfeanf BEGicRAtlE Mattive tagl@rtﬁ@aesﬁediﬂgeimh@@ andTRTRAStiGHId
macr onol ecul es such as pol yners and dendriners, which include at | east one
car bon t mayaelare toubVigotnusdonditiamspl es of suitabl e ol efini c conpounds
include but are not limted to. ethylene) propylene) but-1-ene, but-2-ene)
pent - 1-ene, pent-2-ene, cycl opentene) I-nethylpent-2-ene, hex-1l-ene, 5

hex- 2- engeefBfptySme 'E%rar{élifééd)l’oe%%@ﬁﬁe e RisubstRid@d niRBhydoBdt8ne kPt - 3- ene)
oct-1-ene, oct-2-ene, cyclooctene) non-1-ene, non-4-ene, dec-1-ene)

dec- 3- enpplybydmbdrade dikxampley efipatyhydrotipranes, witigh nsyydietusefl] dcadirding to this

hex-1,di ene, cycl ohexa-1, 3-dj ene, . cycl.ohexa-1, 4-di ene,

cycl o p?ng%?é§$H?ﬁﬂﬂoﬁﬁﬁh@béPE@EﬁémiF FS??iFgﬂﬁggab,E@H@Heﬁ?fﬂﬁpch may
lie opti ; k : b t t €@ipght j a or
S S R L Sl SO el
conpoundBHEPHBeaml cy@lionaiphideatducis suchasHH clodpaathtiay. dreferabjyutataddudi enes.
The term "conjugated di enes" as used herein refers to any conpound capabl e
of actin§;5§r§ﬂgﬁéme in a Diels-Ader reaction. In one enbodi nent the

ol efinic compound (i) is a conmpound of formula |l 15 RR ~R~/ ~~ X | R where
R, R2 and R3 are each independently sel ected from hydrogen, alkyl)

al kenyls, ARGnetioyied hjovaniyd aryhaidesiiceae pbrateacy Iprodaced mhk ¢ cauptedne togtien @t gdna Kyl

(each of which may be optionally substjtuted)) cyano, isocyano, fornmnyl,
car boxy! Compppigls aPé/I”éﬂ ad1akaggy or AAQEsBRKE sbsHEs) PYHEASNEHS  basale oxitlk A3 )
hal oal ke X I [ ni I e 1)

aryl am ngﬁa i‘%‘ﬁ%‘ﬁﬁdn‘%q‘ﬁd?{ [lg% rg?]z% gﬁ?%ﬁﬁlpa? Eé&]‘éﬁgccéﬁ%gﬂd%%ﬁhg%g iw}é'r yl acyl ,
acyl am no, diacyl am no, acyl oxy, al kyl sul phonyl oxy, aryl sul phenyl oxy,

het erocycl oxy) 25 aryl sul phenyl) carboal koxy, carboaryl oxy, alkylthio,
benzyl t hiAscortipgly Hhe nventiosh priyidege, process for covalently coupling drganic compounds

30 which comprises:



sul fanyl, sulfo, carboxy (including carboxylato)) carbanoyl) cag?%m\'gﬁg,
sul finyl, sulfinimdyl, suifinohydroxinyl, sulfonimdyl, sulfondiih g? )
sul f onohydr oxi nyl , sul fanmyl, phosphorous containing groups (including
phosphi nyl , phosphi ni m dyl, phosphony§, di hydroxyphosphanyl,

hydr oxyphosphanyl , phosphone (i ncluding 30 phosphonat o) and

hydr ohydr oxyphosphoryl )) al koxysilyl, silyi, alkylsilyl, alkylalkoxysiiyl,

PPIRYSge PR BTN LA RFSRURBRIREY S S SISO

refers to any conpound which includes or consists of one or nore aromatic

or pseudoaromngty c r ;
or sy oo ras) b URfETRAAAES BB SRR DORICLEID SEARPLEHEDIE:
i ncl ude but are noﬂmﬂp & PRSitiQdl, BEnzene, bi phenyl, terphenyl, quaterphenyi) .
napht haj ene, tgi r ahydroRarhiiiat&Afound-HemNE% rb?"kﬁﬂ%en—%'ﬁ BEREEREL in a

dlhydroanthracene benzant hracene, dj benzant hracene nant hr acene,
peryl ene, pyridine Ting Gonekng B?Sf*‘ilmt’|SF‘H@TOIB3‘H}1@HS!FWP?‘HIdr?é§O haviigy¥daast one
benzot hi ophene, naphbdintdit apleera, fréhi o tghduneonsisdiharof IMESHE, amino, umno

b f 10 ch t h hi da
byr az0l 6, pyr azi ne Sy BEY QUETUE FECO B ciarbiim rciyi B S0 o)
purine, qU| nol Lne lsuﬁmuldlyql i nesul@rhmbld&oaﬁnylg) 0 $irHondai 1dy|1e q*f]ulf‘(ﬁﬂﬁimcﬂ}l&,
teri carbazol e,. ¢ nant hri di.ne), agr i en rol.ine,
Bhenad]l he) i sot hi aSBifno %E%&‘B% I gq n gsql“@)lanﬁhqs F’?’E@) 8‘1‘ Lahi ch
mayI bg opti f)nal : y ?iuﬂlggi&mtylphe@haﬂ'ﬁe ténymdmplmspﬁinyl,ri nghcsphpmund((m)c‘ludmg g
udes nol ecul es an Yuens an
dendr  mers i ch | REPIERgeT CGEMBAFGY bBTpn bl B aigh  RaE

pseudoar omati ¢ ri ngseiddendtwreyietiggseudoar omatic” refers to a ring system
which is not strictly aromatic, but which is stablized by neans of
del ocal i zati on of n electrons and behaves in a simlar manner to aromatic
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conpound havi ng a hal ogen or hal ogen-|1ke substitue a coupling
position"” refers to any organi c conpound having a carbon to hal ogen or
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substituents absicionpl i ng positions. 30 The term "coupling position” as used
herein refers to a position on an organic conpound at which coupling to
anot her organic conpound is desired. A coupling position on a carbon -~
r~~; r zod3isprbeesablbowsnor tie prepapaion of §ymmeoicalfand @syrambowalt produtsdnnsekestion i s

al so refecrr "vinylic coupling position" . Each ol efinic conpound
or oré%n?iaﬁgﬁkgﬁﬁie%%§¥%ave one or nore, preferably bet<veen 1 and 6,
coupling positions. 5 The term "substitution position" as used herein
refers t Al 0 [

ubst; tut S 1 S AT LR s BrogBTa Sl B O B
have oneabiengdaptephensrebityhasehesaetqund 4k Be Hasees htynsercidsHispbwguted n an
aromatic nﬁﬁl%ﬁﬁd&@goﬂahe t&h 19{6%% WRE thtef&@ﬁplmg%tei)u Bsstitingtih 2 fﬁﬁﬁdtfdﬂQﬂ' uh&anted
directly on t ring and with an olefmc conpound It is preferred that the
substrﬁ%@ydﬁo Hd$tion is at a vinylic position. If
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Accordingly, after preparation of the aryl or alkene borate, excess disubstituted
monohydroborane may be decomposed by adding a suitable proton donor compound such as
water, alcohols, acids or mixtures thereof. The ease with which the excess disubstituted

monohydroborane can be destroyed is of specific advantage in’ the formation of

v
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asymmetrically coupled products by the 'one pot' method. In particular, the formation of



10 the organic conmpound is a polyner or a dendrinmer it may have n&p¥.v
substitution positions. As used herein, the term"|eaving group"” re @VSZWB
a chem cal group which is capable of being displaced by a boronic acid

resi due. Suitable |eaving groups are apparent to those skilled in the art
and i nclude hal ogen and hal ogen-1|i ke substituents) as well as ester groups.
IS In this specification "optionally-dubstituted" means that a group nmay or
may not be further substituted with one or nore groups selected from al kyl)
al kenyl) al kynyl) aryl, halo) hal oal kyl, hal oal kenyl, hal oai kynyl ,

hal oar yl , asyynnaniyallyadokpbey combéarig] mxijic eselydiaxyi sylmenayitakyjouprld @amisoxis,

hal oal kenyl ryl o i I arboxyl). 20 vi.t ro)
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di aryl am; j L o, al i mne, alkenylimne, alkynylimno,
arylininJ?ggg%§§ﬁ¥%§ﬁ%§gﬁ¥ggﬁ§@?gﬁ@ﬁ%%kacyI) al kenyl acyl ) al kynyl acyl)

aryl acyp, acyl am no, diacyl am no, acyl oxy) al kyl sul phonyl oxy)

aryl sul phenyl oxy, .heterocycl yl) .heterocycl axy, .heterocycl ani no) .
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sul fanyl, sul'fo and phosphorus-containing groups, alkoxysilyl, siiyl,

ai kyl si | yih,a minkyer aff kayy.si | yl , phenoxysilyi, al kyl phenoxysilyl)

al koxyphenoxy silyl and aryl phenoxy silyl. 30 The ol efinic conpound (i)

must include at |east one hal ogen or hal ogen-like substituent at a vinylic
coupl i nig RQAL EinBPdihRneME BlsEbstBRES 8R4 i Ehiatteaubimi M&Jéqgebalems of olefinic
nonohydr obor ane. -- ~r~n~r 2003 Simlarly the organic tonpound nust have
at | east wreomatiogiap compbhahdgeforini doealkariesiri drylehuratat whichdopite Rgacposith ittgn t o

enable reaction with the al kene borate internediate., Preferred 5 hal ogen
subst i t udamdininghalpgengted ggmpoynd tg formpithe Gonpled pradugt. Jrccexding to this pabedimeay
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substitution with a disubstituted nonohydroborane in the presence of a
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| S The process according to the present invention is especially suitable
for the formation of aryl and al kene berates fromaromatic or ole('mc
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"active hydrogen conPalnlng substituent” as used hereinrefers to a

subst i t uehen adidiop femherdialngenated gempoundripdho gragtien owediuBx adys| eith gfe ra¥iauPO

bstit ts incl but limted h .amno, im .
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sul fi ni mdydiions ulff id3RRY 4F QadiAY ihe Sindd PRI FENERY comPbhRN@ th8éittion medium, a
sul f onohydroxi nyl' ) sul tanyl, phosphi nyl,” phosphi ni mdyl, phosphonyl)

di hydr oxydiffesphhalpgenatsddcanypind sip lrdded, , thegghusyymonari¢al rpebdutitn gamphe sptaoredt o) |
hydr ohydr oxyphosphoryl , al |l ophan uanj di ne dan | , ureido) and .25
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di substi t ut ed nonohydr oboranes nmay be required for those conpounds

cont ai ni nhe badesit inbustgtse wi the sabvenveseth yoir thgdosate Amtladi t i onal advant age of
the process of this invention is its ability to solubilise starting
material in situ. . 30

The terms "olefinic" and "olefinic compound” as used herein refer to any organic compound

30 having at least one carbon to carbon double bond which is not part of art aromatic or pseudo

aromatic system. The olefinic compounds may be selected from optionally substituted straight



Whil e the present invention allows the reaction of conmpounds with active
hydr ogen cont ai ni ng ~- S r~A~r Zoo3 - 12 substituents w thout prT(Br MAY 2003
protection, it is also possible, and sonetinmes advantageous, to do so. The
use of protecting groups can reduce the anmount of disubstituted

nmonohydr oborane required to performthe boronation reaction. Exanples of
sui tabl e hydraxy protecting groups aregdescribed in Protective Goup in Og
Synthesis, T. W Geen & P Wits J Wley & Son 5 2nd Edition 1991. In a
particularly preferred enbodi nent the active hydrogen conpound is reacted
with a borape: apaRALNdr c§afefhuaﬁe§z%d%olt:aﬁesp%dﬁlamsom.%aéa%n@?e%ﬁ{eg REch
above, for exanple with a phenolic conpound havi ng hal ogen or ha ogen-?sl ke
subst i t uenpolyffles and demdrimays, whiechplvehde ataleasbeoneocaresh tsicatbom Boutdeédond.
conpound, such as borane t.hyl sul phi de adduct, which ester can be used as
Cho’ T enct dAARHIEDt So b oIERRic SOOI SR FEdRE s AOHERdo Sitlate: PropyiFpe.
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est eri f i &dtexediéne; hexsdehe rayélohexene hept: hrenej iheptt2eeneo hepitilecrisp petrkbend, tdot-2-4ene,
phenol can bF made and then used aa tPe boc{o%ati og relggent. As an

al t er nat i VYCIOQCHBT- 108~ LrER% NORAFIGe 031 1% 460-3571C, BHBr et @iSPer PERIRd A-diEps:i ed
with, for 3 M L I i i L as a
reactant i (ﬁé%ﬁtgdb@gggg’n@xbgggg%’t?ﬂgir%;h?gﬁé’tgimg%ﬁ&B ?li%]gé%cﬁg-&cg{r%’g %lgﬁ be
used to renByetriche and tysleodnrti3oh@netaent pearhtof ovhicli ntafeber optiombakly subgtitied.or

exanpl e) an aryl halide containing an hydroxy (phenolic) group. This
concept  caifehsatly thesteright shaipheanched, of kgl "(!%WF&?OHF‘H@ betvespe2 AYd Ll garpon

substit a [ . t |y
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am des. Oniemsst g dean "posjpgatédidiemdsé fas nised herpimorefiets tdany egmpoinal capabieldfke
substituent in a vinylic_substitutiqgn position is by the conversion of a
car bonyl dﬁcﬁ%awgﬁnéll?pﬁﬁ}ﬁ%‘&éﬁeqcﬂt’% a trapped enol form this enol being
useful in the process of the present invention. This is 25 achieved by
trapping the enol with a nesylate or triflate group or the |like. This enol

i s then rdaanedmbbdimenhehe diesinirs¢ontpouad (ninotompaindoéfermula i he presence of a
G oup 8-11 netal catalyst and a suitable base to formthe vinylic boronate.
It has & so been unexpect edl yrfound that the induction time required for
the reaction of the 30 olefinic arong¥f’c ring conpound with the

di substi tuted nmonohydr oborane cands¥=sgpbstantially reduced by the addition
of a pronoter. - 6 MayY 2003 ~13 Accor {ngly in a further aspect of the
present invention there is praided a proc&ss for the synthesis of an

al kene or aryl borate which conprises reacting: (i) an ol efinic conpound

having a REQYRM 1 addROPEBach!iliGe til lseigetba h@nﬁhwré?%é 3 %1%1,%?«%&} ution
position, or (ii) an aromatic ring conpound having a hal ogén or
hal ogen20 idtkymyllzsyli hetervaryinacayl,rarylglky list haterpanytalipd <eachad, wiich miay fbea

A A SRR S NI T
i ntroduced,§fox) NensiBRY, Halalk®Ry, haloalkenyloxy, haloaryloxy, nitroalkyl, nitroalkenyl,
nitroalkynyl, arylamino, diarylamino, dibenzylamino, alkenylacyl, alkynylacyl, arylacyl,
acylamino, diacylamino, acyloxy, alkylsulphonyloxy, aryisulphenyloxy, heterocycloxy,
25 arylsulphenyl, carboalkoxy, carboaryloxy, alkylthio, benzylthio, acylthio, sulphonamide,
sulfanyl, sulfo, carboxy (including carboxylato), carbamoyl, carboximidyl, sulfinyl,
sulfinimidyl, suifinohydroximyl, sulfonimidyl, sulfondiimidyl, sulfonohydroximyi,
sulfamyl, phosphorous containing groups (including phosphinyl, phosphinimidyl,
phosphonyl, dihydroxyphosphanyl, hydroxyphosphanyl, phosphone (including
30 phosphonato) and hydrohydroxyphosphoryl), alkoxysilyl, silyl, alkyls.ilyl,
alkylalkoxysilyl, phenoxysilyl, aikyiphenoxysilyl, alkoxyphenoxy silyl aud arylphenoxy



position. The pronoter may be any suitabl e conpound or reagent mhighvk? 2003
capabl e of increasing the 15 rate of reaction between an olefinic 8r'¥
aromatic ring conpound and a di substituted nonohydroborane in the presence
of a Goup 8-Z 1 netal catalyst and a suitable base. The pronoter may be an
am de. Exanpl es of suitable am de pronoters include p-iodoacetanilide,
acetanilide, acetam de and N-nethyl acget am de. 20 The use of a pronoter is
particul arly advantageous in the reaction of aromatic ring conpounds havi ng
el ectron withdrawi ng groups, or in the reaction of olefinic conmpounds. It
has al so Q@ n found that the catalyst activity can be increased, prior to
its use in“the reaction, by treatnent with a suitable base or m xture of
bases. Organic am nes are suitable bases for this 2~ treatnent. Besides the
enhancenent of the reaction rate this catalyst treatnment has the further
advant agelherfarm sgramagic Hag eempayndes) | as ysqdshereid iRfers to ppy prIppquad which includes

catal yst treat.nqen e rate ti 0 .
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r educess tdieh lic Odndt gy BE yloneroe polycpelictrintesyistemis. VEximplehbLiuitable ripy!
group is derived froma ligand on the catalyst. 30 It ~s of advantage to
carry outinglyde hut preapotolimised {,benzgng ) Biplenyl.t terrbsBYs [quaternbienyl; maphthalensst m-
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cat al yst ERVRLA e, L B Bl o Rl B G SR AR bl iRgens,
base(s) . ditwziamacdypteaaitiaces, peryleaetpyiritiny, anptenylpheidine) Sphédyyridemst i on.

The tenperature and reaction tinme required for activation wll vary with
cat al yst thionhensi bengathienhens, naphthobiophens, Hiarghigae, firans pyrenes dsopenrrofurme

nclact §ori e, anlEE bRt P FEiERle, alPbaet Phffedifi bl il 2°

there is Jﬁ'rﬁﬁiiﬁé{r iR GiRdaEziRG t iswialélen peahelr guindliee, aRbquAdIaR, Ghtilassde, MaY
be stored for subsequent use in the boronation reaction or can be used
i nredi at ejujpoxalinewiqnigazaliney aptPGine wicerhagele searbalingn phesanthridinga sasrigdiney
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conpri sesndyeBebptithally juttigddef The erm Gafpaatid ring\dofpoand(8)" dfelidedmolecules,
hal ogen-1i ke substituent in a vinylic substitutign position, or 15 (ii) an
ar omat ¢ and mpcramglenutes, sushiahBolXmeE) expelymsys and drgdrmersghish gislude gepeDsisy a

ri ng subsi i i.fion, i | Su i 0 1p the
or cgence Py bR G U ppeyddhcofhafc b ekt SRCARARBAC AL ol | "
bor ane r ayiteiavhich isiot Seltdestomatic, bt stilehtis stablized byanedns of delobdizglioh éhe

G oup 8-11 nmetal catalyst is activated by treatnent with an organic am ne
prior to cestroas and pehaves ma Himdlan BRngey (Q ATOmM3HE Kings o Fovamples f Preudparogiatis| yst .

rings include but are not limited to furan, thiophene, pyrrole and the like.

20

As used herein the term "organic compound having a halogen or halogen-like substituent at
a coupling position" refers to any organic compound having a carbon to halogen or carbon
to halogen-like substituent bond at a position where coupling to the olefinic or aromatic
compound is desired. The organic compound may be aliphatic, olefinic, allylic, acetylenic,
25 aromatic, polymeric or dendritic. The organic compound may be an olefinic compound as
defined above or part of such an olefinic compound. The organic compound may have one
or more, preferably between 1 and 6, halogen or halogen-like substituents at coupling

positions.

30 The term “coupling position" as used herein refers to a position on an organic compound at

which coupling to another organic compound is desired. A coupling position on a carbon



25 In the above definitions) the term"alkyl", used either alone or n,,.
conpound words such as "al kenyl oxyal kyl ", "aikylthio" , "al kyl ani no" aﬂﬂ{ 2003
"di al kyl am no" denotes straight chain) branched or cyclic alkyl, preferably
Cl 20 al kyl or cycloal kyl. Exanples of straight chain and branched al kyl

i nclude nethyl, ethyl) propyl, isopropyl) butyl) isobutyl, sec-butyl,
tertbutyl) anyl, isoanyl, sec-anyl ., 18.-2-dinmethyl propyl, |,I-dinethyl

propyl, hexyl, 4 30 nethyl pentyl, 1-nethylpentyl, 2-nethylpentyl,
3-net hyl pentyl, 1, 1-dinmethylbutyl, 2,2dinethylbutyl, 3, 3- dinethylbutyl

1, 2-di I l. ) :

5y 2 el QUi e TR, B Lbofnopa i O 2098 5 o Vit
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1, 2-di net hyl pentyl, 1,3dinethyl penryl) 1,4-dinethyl-pentyl,

1,2, 3, - tRrefertbly beswesn § and @, couplingBeHGPIut yI ) 1, 1, 3trimethyl buryl, ocryl,

6- met hyl heptyl) 1-nethyl heptyl, 1,1, 3, 3- tetranethylbutyl nonyl, 1-, s 2-,

3-, 4-, 5-, 6- or 7-methyl- octyl 1-, 2-, 3-, 4- or 5-et hyI heptyl 1-, 2-

or 3- p§ OFhel thren Ydubstitesiod position" Bsuseahereﬁt refdirs to Hposition curh defifé ovhranyic, 1-)
2-, 3-, 4-, 5- or 6-ethylocty - or 4-propy |hepryl undecyl, 1
2. 3., ripg compoupd atzwhich Suwtl@%ml ‘H@@Wc rsigiug is deired )E@;h) organigr

7- ethyl t ) | hept vl ,
1oLy Ratbbind sy five e pr fiosE prefeRbPY AN L and 6) subyieligr pRifiors" TRy

10- net hyirethgtcdsmpodnd it &-pret3rrcd that ths subsﬁfu)lox? positiorBis iﬂﬂeatyi't)d e Emg andlwith2- ,
3-, 4-, 5- or 6-propylnonyl % - or 4-burylocryl, penrylhepryl
and t he anjokefinicsempsuad itgs peej%qw thay %9|sub5rﬁ1@4tt9aé)%lﬁals @ira waylycm,smqn alfkyl

Oyl oS e E¥BRRRYILY poivFkEbE T HErmE Y Bk pan RS psingus. o, 1

"al koxy" denotes straight chain or branched al koxy, preferably ClL 20
al koxy. Exanpl es of al koxy include nethoxy, ethoxy) n-propoxy, |sopropoxy
and t he A ysp@herain, Bgtteriy " Ipaydngegroup meters ©raphenmiqabaipbp wWiNghds é@agle being or med
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def i ned)heiretrd aRlude Gdtogeh ﬁl&wgen-xﬁaémémﬁen@s‘ ag ety lestegtouge Vi nyl ,
allyl, 1pethylvinyl, butenyl, iso-butenyl, 3-nethyl-2-butenyl) 1- pentenyl

cyC|ob%ntenyI 1- nethylcyclopentenyl 1- hexenyl 3- hexenyl , cycl ohexenyl,

1- hept eRy| b WGl )

3- nonen;/i%( tmi B&ceny H %pté)egg%l?[m? dlih%ﬁ)ilg}-o%) @Qfﬁm"xt“g’&?gn CL

1, 3- cyclsopstithtediveitty lone b h&exgdupmyélécrad mnm Leilkényl 1aﬂcyﬁy4g; Ia@jqemam enyl ,
1, 4- cyclohexadlen%fl 1, 3- %Ycloheptadlenﬁ 1,3, s- cycloheptatrlenyl and
1,3, s, 70ploaliod: haleplkemly halophynyler hateagyley “’xiﬂeﬁ 91% @%ﬁﬁ@xx,omw’rom
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pr ef ez@hiityo, Gitrdfkya| iﬁxtﬁadkcnyli)qﬁﬁfcdlle;mynfmmbdfylnyxitmhmlronyelyetdmmy] alk@lamimapy ny|

and 2- or 3 s rtnY 2003 - 16 butyn | . The term "acyl" either alone or |n

conpoundhwla@n@u@ikeaxlammuaysyw M%ywwo dawlaaﬁal%obenaylamm%emﬂn no"

denot es t r p %BIQ
aromat i c lke%h%ngn?e gq“tug g‘igﬂé@%g tanlg%:ﬁyaltgﬁlﬁblordﬁ)aeﬁﬁg er o(:yc?ll’c ring
whi ch i &lkcm@rﬁtyledmt)(nymylher}dam,yaiylammoyHxacydmimr azbyly)xﬁlalkmsal@hbnyl&garrpl es
of acyl include carbanoyl; stralggtochaln or branched al kanoyi such as

eroc

fornyl , avsulphenylxypardsierocygiyl.an PRIt hyRPFTORHARSA0, pdalo éﬁéﬁﬂc)’dyl
2, 2- dj mg&é@g%egg% 1]«,u1£&?e>ﬁ?ﬂ%¥}boal*ﬁ39§ aémd 8%y ﬂﬁf&éb?o Q yl :

undecano decanoy ‘tetra ecanoy pént canoy

hteﬁ adec azngytho dmﬁjhbﬁﬂmdarmﬁﬁnylpnﬂfagmd@homh?rﬁaﬁnaﬁemmr?hps?agorm]&amw I
at koxycar such as oxycar et hox ut ox rbonyl ,
t - pent yla(%ﬁ%!}érl'béHw W%pt%fﬁw&&qboﬂwlph %Y%F ﬁ‘é’éﬂﬂl’fﬁ%y s%‘é(ﬁ 2518
cycloprq@w%ﬁaﬁgzgvy cycl obut yl carbonyl, cycl openryl carbonyl and

cycl ohexy al I cyl sul fonyl such as nethyl sul fonyl and
ethylsulfonyl; alkoxysulfonyl such as net hoxysul fonyl and et hoxysul fonyl ;

ar oyl as_15 benzoyl , toluoyl and naphthoyl; aral kangyl such as

pheny ﬁ@%tﬂ?@% SOPOYI (Ut dRcide 3, ?F@ﬁﬂ/‘?‘]ﬁrt@%‘?&? f %gﬂﬁ%‘)ﬁi})%%ﬂ’c%éﬂ%’ﬂt, ata
phenyl i h e d ioRh&eny ! e x lidutcin ¢ ¥, canoyl
(e.qg. nzgﬁ’# nykg‘b)e"r“% %ﬁgﬁhﬁspﬁoggﬁyﬁ a% dggpﬁ?ﬁ)\él %lue?ianod%la;gmar?a(%%ﬁoyl
such as phenyl al kenoyl (e.g. phenyl propenoyl, phenyl butenoyl,
phenyl met hacryl oyl , phenyl pent enoyl and phenyl hexenoyl and napht hyl al kenoyl
(e.g. 20 napht hyl propenoyl, napht hyl but enoyl and napht hyl pent enoyl ) ;

ar al koxycar bonyl such as phenyl al koxycarbonyl (e.g. benzyl oxycarbonyl);
aryl oxycar bonyl such as phenoxycarbonyl and napt hyl oxycar bonyl ;




25 phenyl sul fonyl and napt hyl sul fonyl; heterocycliccarbonyl; \
het erocycl i cal kanoyl such as thienyiacetyl) thienylpropanoyl, =~ 6 MAY 2003
t hi enyl but anoyl ) thi enyl pentanoyl, thienyl hexanoyl) thiazolylaceryl,

t hi adi azol yl aceryl and tetrazol yl aceryl; heterocyclical kenoyl such as

het er ocycl i cpropenoyl ) heterocyclicbutenoyl, heterocyclicpentenoyl and

het er ocycl i chexenoyl ; and heterocyclicdlyoxyl oyl such as

t hi azol yl gi yoxyl oyi and thi enyl gl yoxyloyl. 30 The terns "heterocyclic")

"het erocyclyl"” and "heterocycl” as used herein on their own or as - 6 MAY
zoo3 - 17 part of a termsuch as "heterocyclical kenoyl ", heterocycl oxy" or
"hal oheterocyclyl" refer to aromatic, pseudo-aromatic and non-aronmatic

ri ngs or ring systens whi ch contain one or nore heteroatons selected from

o 2 nand Sty 0l 61 ARoloRR rANAaYY aPHRg Ik Hhfiflen BY EISEARNe LBSudERS

or ring sys &n ot

S sel ect edat fardmﬁpllﬁ‘g)p@ltﬁiﬁﬁt@rdnblﬂd réde v with the hRehOBora@ 1hi@ﬁm§tﬂﬁﬂenl Preterred
"aromatic ring conmpounds)". The term"aryl" as used herein on its own or as

part of - hgleagp subipenssinclude bapnand &hd Thergaceiify af edasa subsiiedcompounds

tome, | optr RNy eRsa D REetfor o hithietd oSy B0 BTGRP EP L dunEL B

rings or redngs HesdgRAFikbIVEstieinteaid psantd-Fdide ardrentoddn§ ¥abstithéht wmgﬁ ipr ring
systens may be-optionally substituted and may be selected fromth ose

descri bed pagssub may wnsieego ssubstntutlmhwb@fdlwbmlt@tﬁdaﬂom@ydm@rane fiil thg presence
conpounds) " of SUIt nohydr o or ncl ude.t hose of the
For hul o ( RGSEroNP LT meaLeabe A b St 1y CERBERR RO 1 PISERRR R
where R g drgdni@BompdiiRNaA un&%sgub&mﬁ@n wltmho@ &%k&e%} e B gl%' ot ut ed

aryl and each™R i s 1 hdependently selected from i onal ted al kyl
and opti oralplpd pudsbici.t Gxeoples ¢f habmgemhmeeubﬁ(mdﬂ)szlncbpc aa;tmtessami maygildtes,gr oup

of formula, 11l 20 o ere, Ris aqpti | 1y substituted al kyl ene,
aryl ene orad“t%’ﬁ%‘lm aqlvaﬁéqwhﬁ?sowwgm%q%& ﬁﬁ)ﬁﬁ%‘ﬁu@ﬁzeég?’ﬁﬁé‘ﬁ%mbﬁtsar omatic
noi eti es as V &tieks t )
nonohydr oggglgg%i&gr edgggq {:ggntﬁﬁ% ﬁy or a;es *‘?‘Mﬁd:‘gﬁ%“ %%j ISBN 0-471

4, 4- di net ©$H83-73, 2- di oxabori nane, 4, 4,6-trinmethyl -1, 3, 2-di oxabori nane,
4,4,6,6-tetranet hyl -1, 3, 2~i oxabori nane, 4, 4-dinethyl 1,3, 2-di oxaborol ane)
4,4,5-t¥ﬁnethyl-1,3,2-dioxaboro|ane, 4,4,5 5-tetranethyl -1, 3,2

The process according to the present invention is especially suitable for the formation of
aryl and alkene borates from aromatic or olefinic compounds containing active hydrogen
containing substituents. The term "active hydrogen containing substituent” as used herein
refers to a substituent which contains a reactive hydrogen atom. Examples of such

20 substituents include but are not limited to hydroxy, amino, imino, acetyleno, carboxy
(including carboxylato), carboximidyl, sulfo, sulfinyl, sulfinimidyl, sulfinohydroximyl,
sulfonimidyl, sulfondiimidyl, sulfonohydroximyl, sultamyl, phosphinyl, phosphinimidy!,
phosphonyl, dihydroxyphosphanyl, hydroxyphosphanyl, phosphono (including
phosphonato), hydrohydroxyphosphoryl, allophanyl, guanidino, hydantoyl, ureido, and

25 ureylene. Of these substituents it is particularly surprising that the reaction can be
conducted with hydroxy and amino substituents. Additional disubstituted
monohydroboranes may be required for those compounds containing substituents with
active hydrogens. An additional advantage of the process of this invention is its ability to
solubilise starting material in siru.

30

While the present invention allows the reaction of conipounds with active hydrogen containing



di oxabor ol ane, 4-phenyl -1, 3, 2-di oxaborinane) n-propanedi ol borane g MAY 2003
(1, 3, 2-di oxaborinane), 30 5,5-dinethyl-1, 3, 2-di oxabori nane,

(4R, SR) - 4, 5- bi s(1- net hoxy-1-nmethyl ethyl )-1, 3,2 di oxabor ol ane,

(4S, SS} -4, ~-bi s(1-net hoxy-1-nmethyl cthyl)-1, 3, 2-di oxabor ot ane, di naphtho[2,1
~4 ~ tuaY ?_003 - Is d:1,2-f][I, 3, 2]di oxaborepine,

(4R, SR) - 3, 4-di net hyl - 5- phenyl - 1, 3, 2- dXazabor oi i di ne,

(4S,S. S ) -3, 4-di net hyl -5-phenyl -1, 3, 2- oxazabor ol i di ne,

(4R SR) - 3-i sopropyl - 4- et hyl - 5- phenyl 1, 3, 2- oxazabor ol i di ne and

(4S, SS) - Jubstivnepyithoht PROMYrotcRtiphEn sl aish, fhssible) azdimiciniediad eantHe8s, b @ber r ed
di substitut ed nonohydroboranes which are novel and represent a further
aspect ofSOt Heheise 9f BIIGHAE SFRIPS £r0 mdyice;ths agjoyat ofydisybser Eddn‘émilwdr@k)me

E jg g)é) 4 ng’(gﬂgq‘i{,] EXJ{?Jnl{ﬁg %g‘l gr%gértg)ﬂeﬁxamples of suitable hydroxy protecting groups

(4S, SS) - éhréd&cﬁbémid Prbt&sx?dﬁm@hﬁ IOrigeByathesis, T.W. Green & P Wuts J Wiley & Son
(4S) - 4- (met hoxynet h -1, 3, 2- di oxabor ol ane,
(4R) - 4-X Pad kg mmewﬁﬁ Yo 2 patiowlady arsdersedserabodiraent Abg antive Bydrogen compound is

| t | i di
(o) o sl A LR Suc Bl b e paly RAKRRREL Bl Pl wbove, o
? |4 gx gg;)r lzﬂﬁﬂ%e Q"?%e ; hO)d(élg:ectbﬁ%ra)a{xdiﬁ%vngihm@hQﬁmlaﬁ),gcn-hke substituent. The triester

di oxabor of thewheuscashe nsedow(gwebmsmqu sgclmszmmnsmﬂmiwlmee {MiRCtSR) - 4,
{5 4(;' gé;: | Msger %?%Rgﬁfeﬁ%g%goga% 0L 1n ¢ %urb(s) qéxent boronation reaction. If the pinacol or

(SR) - 4104'0ﬁie?@§t5&ydf wxlonib a&,d gieiaBersoli@ti §n the first instance (these can be made
(SS) -4, 4-di net hyl - 5- phenyl - - di oxabor ol ane,

(4R) - 4- pIﬁ’ersybsrq@:ud¢méi£2u®nﬂtr§§pﬂt¢rdi¢4tlm})ﬁb¢1éﬁeler of the borane Wlth the phenol can

24? bﬁsghe%dﬁo%@égéﬁoxag%f?%&% é,aru% ?{FA' gtgg Slagﬁ temhtsvc) a Borate ester can be

4R, SR ah
(45, SR fufidtySelcampiion oL R i, o s paROTOhATOar eGP Y

(4R, SR) - §p®1egcan bx usedraslagpastant dxe(sgbsggm Qo@natlon reaction. Boric acid can also
(1R 25{56 %e Zx?gd o’ remb\lreoth;[e E\ctxvethhéfroggn ?o%uod (?fq}lg ﬁst%r k{g Ehafor 'e%mel%[ gn gry} 0z6]

decane,

(1S, 2R, 6/alidd cdntaifing @n h dlﬂaiﬁjr lenbti®)peovp. - 3, 5- di oxa- 4boratri cycl o[ 5. 2. 1. 026]
decane, (3aR}-3a- rret hyl - i(2- napht hyI)tetrahydro 3N pyrroio[1,2 20
c][1, 3, 2] oxazaborol e, (3aS) 3a- net hyl - 3, 3-di (2- napht hyl )tetrahydro 3H

pyrrol of 2] ox b 3 3H
pyrrol of #h% §Hcfp'3¢af] d%?lq efm(c% g@@%é%nq‘%éﬁlﬁg%ﬁ% R?\{%h)og
pyrrol of hltﬁo@dl{ &, s%o@lh%@am@d)ﬂiﬂt Q)orane reactants generally do not react w1th the active
(4S, SS) - -b1 s[ (4R) 2, 2-di net hyl - 1, 3-di oxol an-4-yl]-1, 3, 2-di oxabor ol ane,
(4R 5 Omyerqueg(m@;oﬁpmwrmmwndmm@m an-4-yl]-1, 3, 2-di oxabor ol ane, (2R
)-2-{(4S,SS)-5-[(2R) -1, 4-di oxaspiro[ 4. 5] dec-2-yl]-i,3,2 25
di oxabor ol an-4-yl }-1, 4-di oxaspi ro[ 4. 5] decane, (2S)-2-{(4R, SR -5-[(2S)-1, 4-di
oxaspi r o[GheThétRLfoy Iptepising Sleflhiodhpoohdmadingla} halogéndikexalspitient 4n 2 yilgtiane,
(4S, SS)-N, N~, NS, NS-t etranet hyl 1, 3, 2- di oxabor ol ane- 4, 5- di car boxami de,
(4R, 5R) - |SybstiptiquSpOssianels rhynthe Hpmyearsion 0f f earhemil dravRe with ) Pdpidseseaninte 2

(1R 2R 6 r I ] ge and
(1S, 25, oRr ey Sod) iy LERRY peihedisfhB iEn G bf Bl frvingPt HHEART.
30  -25 aMrevedtyOBappinkSh&end with 4 hﬁsﬂmdro@b@ﬂaﬁagrd@rdr\tﬁd lie STHAé Edolhethenr e
readily anenable to subsequent hydr sis than others and may allow for the
use of mirpersed M@c&txcmu@wuieﬁllmwhym%me@ bty Prasemcei us Ct!ﬁ‘él?@e bmeiale

hydr obor Vi f trol over the reaction

pr oducts%?@)grg%n&/%1 “agl%bfé“g%“’gf% Cgt;i‘%klg&%efrxfrvg Pves may be nmade foll ow ng the
nmet hod of Tucker, 5 C. E et al) J. Og Chem 1992, ~7,, 3482-3485,

Contreras) R et al, Spectrochim ca Acta 1984 40~ 855 or Bel | o- Rani r )
M A ) Rod: P bt RESHES s eGP i reiyed She EeaBHOTR e

1993, o} e

derivati ve%i%gl(f} %rdEEa%(gmﬁﬁ nglgd %ﬁ?ﬁfg@gsggSt%m& I}gopr gg{eb%tg F]ﬁirt}v(ear{!t ibgn

al so prowu&a&naﬂyounemlbyﬂmnﬂdnhmmdh;nanumunds Chiral aryl and al kene
borates may be prepared using chiral disubstituted nonohydroboranes. |If the
chiral nonohydroborane has an enantioneric excess of one enantionmer over
another, this can produce chiral aryl and al kene borates having a
correspondi ng enantioneric excess. The chirality of an aryl or al kene
borate nmay al so be transferred to a coupl ed product Chiral 15 products may
al so be achleved u5|ng chlral catalysts The tern1 C?oup 8 11 netal

T | o o v s o, . S~




~ $ 1 ~;'"~Y 2003 -20 and/or N atons for co-ordinating to the pal Lﬁfi%“f' 03
atons, (such as for exanple pyridine, alkyl and aryl substituted pyti gg
2,2 -bipyridyl, alkyl substituted 2, 2'-bipyridyl and bul ky secondary or
tertiary anunes), and other sinple palladiumsalts either in the presence
or absence of ligands. The pall adium catal ysts include palladi um and

pal | adium S conpl exes supported or tethered on solid supports, such as

pal | adi um on carbon, as well as pallad:;:.:. black, palladiumclusters and
pal | adi um clusters contai ning other netals and pall adiumin porous glass as
descri bed Aacgrdingly insa fumhar aspegt efitéie resentapyeition thaoe énprosidedernroeass ari thers,
1997, p1275, .The same.or diff - 1 | catalysts may be used
to catal ysseynglleﬂseor%gﬁtal%‘f]%gégfyﬁli)gﬂdtée ﬁx%@%gglp%%%swrgé ™S an advant age to
select a catalyst 10 with ligands that cannot exchange aryl groups with the
aromatic ring conpound or that mnimse this exchange. The G oup 8-11 netal
cat al yst nfdy beamn opifui¢ gompewiphasing Bxbipgeasonhalegen-tkd substiptennimaceinyliy st s
i ncl ude but are t1;q:4iim'teoto Pt (dba) 2) Pt (PPh3)zC12) Ptd 2, Pt(QAc)2, 15
PtCl Z(dp f)CHZ(ﬁ"'%?l ?’b%% F-30d rel ated cat al ysts which are conpl exes of
phosphi ne |igands, (such as (PhzZP(CH-~PPh~ where nis 2 to 5, P(o-tolyl)3)
P(i-Pt)3) P(cycl ohexyl)3) P(o-MeOPh)3, P(p-MOPh)3, dppp, dppb, TDWVPP)
TTMPP, TNMHRR) TMBPEon@tic dingt tsunpoupé digping ol didgenerryhalogeR liRE -sibst DB a ring
(S, S) - Me- DUPHOS é@! Bl NAP, (S)BINAP and rel ated wat er sol ubl e phosphi nes),
rel ated |i gandsSUPSHIEHOLROSIYMar y| ar sine, 20 triaryl anti nony)

triaryl bi smuth), phosphite ligands (such as P(CEt)3) P(Op-tolyl)3) P(Oo
tolyl)3) P(OiPr)3, tris(2,4-di-t-butyiphenyl)phosphite and ot her exanpl es
descri bé&@ winh bhdisibEREMdIGabadygdrebokime, 118 tHeGhresancalo$ af@ouRSsElametal cataBiglas,

i norgani cs and organonetal lics 1999-2001)) and other sujitable |igands,

i ncl udi ng StHaRle hagend ﬁimampteaﬁasﬂbfhamaalt%m@ Fesidug ds grenAdHed agthe subgiigution

pl atinum af.of®,,) (such as for exanple pyridine, 25 alkyl and aryl

substi t ut pyridines, 2,2'-bipyridyl, alkyl substituted 2) 2'-bipyridyl
and bul ky secondary or tertiary amnes), and other sinple platinumsalts
either in the presence or absence of |igands. The platinum catal ysts

i ncl ude plTHe promossianyy be auHiEblgoRpeYnd ohsagens Which 1ssapableef inareasing dhe

support such.as_pl atinum on_car bon) |.l. as _platinumblack). nlatipum
ol over B 4Rt B 3Bndioh BANGELPe GERRE) of Ae B PR oing B en g b Bty
net al cat ghyisdhydFbosing @n BR Fedeacd 60a Group 8N0setdestlysbad 4 fuitdbfe bakat eThe
5,686,608. In certain reactions there are advantages in using ligands with

al t ered basp@ptey may.be@npande Ogamples of snigablsr amide pramasers kncly@eaioleasegnilide,

suitable N catalysts i.nclu ni.ck | ex, | Zaney nickel, nickel on

car bon ancfcﬁtla@&@f:’ %ﬁe%ﬂlgef%ndgﬁ'néétﬁylg{?cé?%g@?ack. Preferred catal ysts are those
that readily undergo oxidative addition and reductive elimnation. One
skilled in the art would be able to select a suitable catalyst on this
basis. LatEieyse of apropotérasiparieulady phvantageand in thp eeastiar of gro@aticiripgeampounds

cat al yst g}ay{ contain other netals. Sui ttﬁbl e ﬁat atﬁ#s. al so include

met al | ocy d1AYIBETHYORTHEAEAYNG SEYHTn a5 1t K FeaCHAT PEPIGHAECOMPSEILS i ¢ speci es
in situin the reaction medium ' 10O The catal ysts according to the present
invention may be prepared in situ. For exanple catal ysts consisting of
phosphi ne Ithaspllsexesn tfunggiat tidicatalystactibity gandysanadased, sior to bsuwddithie reaction, a

pal I adium (I11) salt .such, t he acetate_.and t@e desi red nong- .0 )
i - phos phi HArRmEnt Mifin SULhls Pk gt mprie 86 pes  HerpS Ames are s baves for §is. 2.
Ar si nesys SHGas. f39§idé%’iﬁ@8{h%n&nﬁe(nggpﬁ‘£@é’dcﬁl()ﬁ m@_&m@éak\agyg@ téﬁlﬁmhhﬁaslthgﬁ,trﬁgn

al so be used I n conjunction wt to make active 15 catalysts for
bor onat i ondedntageythatisalei pred ucyfoensipmas eslucethdn pasceks, thio catplyspadatmenttrbduces
boronates may be 0gerfor med in an}éo sui t abl e _sol é&n or solvent m xture.

Exanpl es dhe &xien of syRslpe dehalogenaflon gipersey Ry yie éb%reaf“r%%rgw&aépmgm Wit i c

derivative and reduces the amount of the arylboronic acid derivative in which the aryl group is
derived from a ligand on the catalyst.
30

[t 1s of advantage to carry out the activation of the catalyst with base(s) before the contacting of



carboxylic acids, cyclic and the | ower secondary and tertiary am geﬁ Y 2003
am des of the |lower 20 aliphatic carboxylic acids and | ower aliph ti‘é
secondary am nes) aromatic or aliphatic hydrocarbons) acetonitrile)
benzonitrile, ethers) polyethers, cyclic ethers) |ower aromatic ethers, and
m xtures thereof, including mxtures with other solvents. Preferred

sol vents include n-heptane, DVA, DMSQ) _1, 2-di chl oret hane, toluene,
acetonitrile, 25 dioxane) DVE) diethyl ether) THF or m xtures thereof with
ot her solvents. The addition of further disubstituted nonoborane derivative
may be useful when the solvents are not anhydrgus. The tenperatyre at which
each stea’eo ‘S?kffé‘t‘ﬁ?ci)elé’é’g}?%g@?men‘ﬁ‘d? ghet ?f’égl?'%ve 1§ B?f“iaé‘o'?,(?%ul?ﬁ 1‘?/\V,iealby30
depend ORe i RYHDEN Ok WiRFERER). | i e Ry bR ifink Ged Blforfbte HRAGIHALY,

sol ubi |'i t§'/ g’% reag(i:?% vvltnty o?é% he react a%tseﬁlln t ne sec{ etcpt%rg seo%@nr?f,m O(I)ll l'ing
poi nt of rdab@omsolThendmperdtore dAildercb@ivpaind wqaired for aetivaiddNYilR 043 wid cdthigst :
reaction wll generally be in the range of -I to 250C. In a preferred :
enbodi moRRmPesIgS fedads of i pass AR, eaolfveﬁpg}qafmléstﬁé?%@ﬁ trgatgf o LEHC,

fmor € p%GE,féeéhythQP&l 69 iR A 1%%&\}\}{?5 tﬁl@@%’r\ﬁtﬁé %gsegl&@ntt @Qlloﬂa S Ractih. upo%d
herein refers to a basic conmpoun I ch, en present 1n the reaction

m Xt ur e, sorse catplykts ¢heoé iscatadbyrhange gsrastivitiongpooursasThs ddtivgted @atalyso mapdeween

reactants. The base nmay be suitable for pronoting a single step, or nore
t han onestgtedpfor a@leé%ﬁnzg‘seow thp dopnpuations Feagtiene eeanohe uied 1pmangdiately follpying
exanpl e . ' I St ' between the oleftnic
or arOm&t@%ﬁ%ﬁp’l@ﬁﬁﬁ?gﬁ%ﬂ?ﬁgo%é% aést%ivﬁl[}f‘tggl%%ﬁ%%% d;idroborane, but which is
not strong enough under the conditions used in the reaction to pronote
further reaction of the aryl or alkene borate with additional aryl or

ol ef i ADcAeenrgingrid this aspgched the inygaiieon dierpsPieVided a procasssior greefyathebiseftahat a
base is clgosen Wniﬁ?r} g’gs sotléubl e.in ”&f solvent to which it is added.

Exanpl es? 6P DAL 7 hW}H? CUPRIAD I ECHDY pronoting the reaction of the
olefinic or aromatic conpound with the disubstituted 15 nonohydroborane

i ncl ude secondary amnes ) tertiary amnes, aliphatic cyclic am nes and

am nes béhari ngn alefeiordmpounto havihgtachdoganoar hglogen-bike tshbssisudndesa winylise
used in conjungti.on with.a phase transfer reagent, such as for exanple
tetraal kyl a SHIHIGR POUUBR. G'he crown et hers. 20 Exanpl es of bases suitabl e
for catal ysing reaction of the olefinic or aromatic conpounds with the

di substituted nonoborane, wi thout generally catalysing the further reaction
of the a¢yl oan atdmeaie iing eompalindthavingcd baegdm oehilpgamiikejubatictent ez ring !
N bases. Bases that, can he used to activate the catalyst prior to use in
the reaction SPSUPHEREPHHPY chosen 25 from secondary amines, tertiary

am nes, aromatic am nes, aliphatic cyclic am nes and am nes bearing a
second or nore hetero atom Exanples of bases that can be used to pronote
t he cat ajthiaaliabttituietl ynafohydrebarahg iy stie frgsdnce at airbupBilH métel dxadesd )angrai or

to use in the reaction include but are not limted to triethylamne, 2,b
20 suitable base such that a borane residue 1s introduced at the substitution position,

wherein the Group 8-11 metal catalyst is activated by treatment with an organic amine prior

to contacting of the disubstituted monohydroborane with the catalyst. !

25 In the above definitions, the term "alkyl", used either alone or in compound words such as
"alkenyloxyalkyl"”, "alkylthio", "alkylamino” and “dialkylamino" denotes straight chain,
branched or cyclic alkyl, preferably C{_o( alkyl or cycloalkyl. Examples of straight chain
and branched alkyl include methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-
butyl, amyl, isoamyl, sec-amyl, 1,2-dimethylpropyl, 1,1-dimethyl-propyl, hexyl, 4-

30 methylpentyl, l-methylpentyl, 2-methylpentyl, 3-methylpentyl, 1,I-dimethylbutyl, 2,2-
dimethylbutyl,  3,3-dimethylbutyl,  1,2-dimethylbutyl,  1,3-dimethylbutyl, 1,2,2,-



30 di net hyl pi peri di ne and N-net hyl pi peri dt ne. - 6 MA'f 2003 - 23

Exanpl es of conpounds suitable for deconposing excess disubstituted 6 MAY 2003
nonohydr obor ane i ncl ude water, alcohols and acids. As used herein the terns
"al kene borate" and "aryl borat e" refer to the products of the Goup 5 8-11
nmet al base catal ysed reaction between an ol efuiic or aromatic conpound
respectively and the disubstituted nonoborane, the product including a
carbon- to -boron bond at the substitliion position. In a further aspect of
the invention there is provided a process for the preparation of an 10
aromatic or olefinic boronic acid by hydrolysing the aryl or al kene borate
as herei nlﬂemﬂlezlmg[s}drllbé,d tumlqttqlmrgpﬁlbl ertdde  prestletyhexyl, Thmethythexylf 2,2-

Al e N R e A R e S L
pi nacol boﬁﬁﬂ&h 1§e§y180ﬂu%ema%@wl Bod -@ﬂuh@dﬂglbbi%rl aly §32 Adchelh IR HC 12ghds

are novel and represent a fu er aspect of the present inve Sonme of
t hese novmmwﬁ#butyﬂ\,cmt)dr e-mpthylegptywd -methylheptyl, 1,1,3 3-tetramethylbutyl nonyl 1-

o hydrony23 s 5 & dhREHYL 12535 Sk Br . I Bk reiiena, 20
3-(4,4,5, 5ec tr-anetshﬂ L3 3&%%@@9@&@@@2 1ylib§nz;m5‘~&caém ylocyl, 1-,2-,

3- Met hyl - 4,4)5,5-t et ramet hyl - “di oxabor of an- 2- yI)ben20| c-acid
5- (4- Phen§+ o 4- @F@Yﬂlepwhbmdotsdnl-ziyﬁ ﬂ_,,3i-béﬂz7od8mrcﬂ~@6thyldecyl 1-, 2-, 3-, 4-,

5-(4,5-D 3, 2- ol an
- (4,5 bi Séndr 7Eobngh T dpokor ot SRRy oy, Rz gat BRIt L penythey,
5-[4- (Met H&k&ﬁgﬁﬁhw )3-143.52- 6l 9Xa000.0b21y- %Ebﬂyltmliec}d bﬁnzo 04O'5@ ' 6-, 7- or 8-
Tet r ahydr o-3aH ‘cycl opéntaf dj ['1, 3, 2] di oxabor ol benzodi oxo?

(4, 4,10- Gthyldedyhyl-; 2-, 3,,Z~,d5—mrz§mpp5rlamy2 il 3~ B; 8r ‘bbmzl@dtyb.xbﬂfppntylhcptyl and

, g4i3enzogﬁe-r@fﬂr agwl%lﬁ?ﬁyg@@bor@ag%‘iy&yo& %qlff:é{ ﬂcyll Og)i'gups SUZCh(aS
][)((3 goﬁlso?rfblﬁly&@y12c9clasm Blclbpkned1, Scliishery s B@[oﬁEﬁWEYGy'cR{o@tﬁ; tyQefddec-4-y
1S, 2S, 6R, a@)oacjl@nmm 2-net hyl phenyl )-2,9,9-trinethyl -3,5-dioxa-4 i~-
G MAY 20G -24 boratricyclo[6.1.1.026] decane, 2, 6-Di nethoxy-3-[( 1
S, ZS, 6R, 8S)-2,9,9-trinet hyl -3, 5-di oxa-4-boratricyclo[6.1.1.02' 6] dec-4yl]

di O ~
L8 TSR0t B b ) O T oy

Examples of alkoxy include methoxy, ethoxy, n-propoxy, isopropoxy and the different butoxy

5-
5-
5-
1
2
I

isomers.

The term "alkenyl” denotes groups formed from straight chain, branched or cyclic alkenes
20 including ethylenically mono-, di- or poly-unsaturated alkyl or cycloalkyl groups as
previously defined, preferably Cy_pq alkenyl. Examples of alkenyl include vinyl, allyl, 1-
methylvinyl, butenyl, iso-butenyl, 3-methyl-2-butenyl, 1-pentenyl, cyclopentenyl, 1-methyl-
cyclopentenyl, 1-hexenyl, 3-hexenyl, cyclohexenyl, 1-heptenyl, 3-heptenyl, 1-octenyl,
cyclooctenyl, 1-nonenyl, 2-nonenyl, 3-nonenyl, l-decenyl, 3-decenyl, 1,3-butadienyl, 1-
25 4,pentadienyl, 1,3-cyclopentadienyl, 1,3-hexadienyl, 1,4-hexadienyl, 1,3-cyclohexadienyl,
1,4-cyclohexadienyl, 1,3-cycloheptadienyl, 1,3,5-cycloheptatrienyl and 1,3,5,7-

cyclooctatetraenyl.

The term "alkynyl" denotes groups formed from straight chain, branched or cyclic alkyne
30 including those structurally similar to the alkyl and cycloalkyl groups as previously defined,
preferably Cy o alkynyl. Examples of alkynyl include ethynyl, 2-propynyl and 2- or 3-
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is reacted with a disubstituted nonohydroborane in the presence
8-11 netal catalyst and a suitable base to forman al kene or aryl borate
chemcally linked to the polynmer surface. This borate may then be reacted
wi th an organi c conpound having a hal ogen or halogen s |ike substituent at
a coupling position in the presence of a G oup 8-11 netal catalyst and a
sui tabl e base to prepare the coupl ed-gfoduct chenmically linked to the

pol ymer. Excess reactants and by-products nay be renoved by suitable
washi ng and the coupl ed product may be isolated by chem cally cleaving the
| i nk to thpapof yreem.sudihas [heeorgdlidatkeadydty hposecywiaxyt or rfipldieteratjolyln aéfer ®
strategy where an organi ¢ conpound havjng a hal ogen or 10 hal ogen-1i ke
subst i t uenfrogRalg, %“Fgl‘é‘fﬁ@a‘ﬁb%‘idﬂoaﬁf QIPAtERINES OF HRE S YSHms,Which gqntain gneon@piemer
surface is i 7Y I . i cgrdan

wth the praGBRoRs el BamoY, 88 F SKERRICRIEA & SRR Ik Blr PLARASE.
and a sui t alel engasteritigsysents lave Gugol 2dcapb@rarotns| | Theetingsoort Heg Sytéme thagTbet he
pol ymer. Excess reagents and by-products may then be shed away fromthe
surface PeflscHy &romy these ?"é&’é?‘%{doﬁb‘b‘iﬁoﬁhéﬂa%%ﬂ tipethe definifion, of “argatico finged
pr oduct ”Byréﬁﬁﬂd§82i50|ated ry appropriate cleavage of the chemcal |ink
fromthe pé1 mer rface. It is also possible to prepare pol yners by
reaction of olefinic or aromati c conpounds having nore than one boron

reactive substituent. Such conmpounds may be reacted with a 20 disubstituted
monohydr obbhaHEm raryheasgised datean op ity QPR aBPArt Ofdt SIPUR Sich 35 {halgpayly and

suitable b f ' | Q| on
Funct i onal (130 Gib) TR Xl KRIRCRRS it il oF PR shotah Apidl
havi ng 1or 6f dattivn 2e6ies, loplierain wpethenivith @Re bt kors hftetoaionsntPreferdtdy Mearim@l or mer .
If the olefinic or aromatic ring conpound has three or nore hal ogen or

hal ogen- | | HBg sygpems haehbawaen & nd Hcearhpn Alomse Phe Fings OE Fingusysigms may be
nonohydr ob dotead iyl ol i n
accor dance b gy AEBtled 3835 18 Rick 4 R ke LR holE b Ealth IoPune
aronmati c rdefgitingouranaicdidghempogad(s)c. conpound may be separate nol ecul es,
or may be |inked together such that the aryl or al kene borate forned after
30 reaction with the disubstituted nonohydroborane is able to react at a

coupl i ngs ggﬁgﬁrﬂl&bﬁsﬂﬁ%ﬁfﬂoﬁdrﬁ&%%aﬁeé fclble éSng'ef?%xiﬂarl?%kgpﬁli Whefledcf” an

substituted olefinic or aromatic ring conmpound linked to a polyngr vgé e
MAY

i ntranol e react such as'a s r~i,Y zoo osur e

reacti on. Xheinpependanlyaceaedirog 0,S dndNR ‘hwhereiRdris iy aalbptionalle kubstifuted dlkyd
preparation of reactive internedi ates which) after coupling, take part in
further redcaptigralysubstisuied apvhandesich R inindepeadenty) selegied &igarontionally absdytedt e

is one for 1 Nhay iy L i | 5l i e of
R) Re or Al dpE Py p Qe af Ok ERABTKR) M Brel srcl ot folml
The subsediient coupling of the resulting al kene borate internmediate with an
organi c conpound gives a ketone on hydrofysis of the enol ether. 10 The

fol | ow ﬁé exanpl es are provided to illxMst P\qte preferred enbodi nents of the
invention. However it is to be understood that the followi ng description is
not to supersede the generality of thé\inyention previ ously descri bed.
EXAMPLES 15 Exanple 1 Formation of X I
4-(4,4,5,5-tetramet hyl -1, 3, 2-di oxabor ol an- 2-yl ) phenol O~ 20 To 24.5 ny

PdCl z(dppf).CHZCl, in a reaction tube under nitrogen were added 4 ni

di oxane, Owfdre® id chtidiARly subdtir@bMicABR) Gryiéhedr ofler Ggfaﬂ:nfr%@{lﬁ chin hekeane
and 221 ng ( I .0 nmmol) "p-1odophenol. The reaction solution was stirred at
room t elp. aliphagosor erdrhaic adietteheangheénhabizs defined above. Preferred disubstituted

monohydroboranes are dialkoxy hydroboranes including 4,4-dimethyl-1,3,2-dioxaborinane,
4,4 6-trimethyl-1,3,2-dioxaborinane, 4,4,6,6-tetramethyl-1,3,2-dioxaborinane, 4,4-dimethyl-
1,3,2-dioxaborolane,  4,4,5-trimethyl-1,3,2-dioxaborolane, 4,4,5,5-tetramethyl-1,3,2-
dioxaborolane, 4-phenyl-1,3,2-dioxaborinane, n-propanediolborane (1,3,2-dioxaborinane),
30 5,5-dimethyl-1,3,2-dioxaborinane, (4R,5R)-4,5-bis(1-methoxy-1-methylethyl)-1,3,2-
dioxaborolane, (45,55)-4,5-bis(1-methoxy-1-methylethyl)-1,3,2-dioxaborolane, dinaphtho[2,1-



25 groups had reacted with pinacol borane and the hydrogen evol ved %aa v

fl ushed out of the reaction tube with argon. The crinmson col oured” Pe &' N3
solution was warned to 80C with stirring in an oil bath. The col our of the
solution changed to a pale orange and after 2 h the reaction solution had
darkened. After 8 h an aliquot was renoved, extracted into ethyl acetate,
washed several tinmes with water and anal ysed by gc (fid detector, SCGE HTS
30 capillary colum). No p-iodophenol was found in the solution anal ysed

i ndicating that the reaction had gone to conpletion. Only 3 peaks were
observed in the gc, other than the -486 ~r~~~ - 28 solvent, and these
were shown by gc/nms to be due to phenol and the pinacol esters of

phenyl boroni c acid and the desired hydroxyphenyl boronic acid and their

concentrat b"; QS%] gg%?]?%xgﬂo&ﬁﬁe, Q@R,@Rﬁg,_i{ﬁcgﬁ@ﬁlgl-y-%gﬁ)ﬂ-elf,:i?—‘& i 2bofdiidine€SPONSE,

were 14 % 8 respectively. phényi boronic acid ester is thought
to have f ofdSES)-8Hrdimethyhs-phengkt,Barxezdbommtidine (4RI 60R) {Bhisoprepyddenisthplt-S-phenyl-
catal yst ligand. Exam/|ie E tion of .

4- met hoxy- bg@zﬂm,z@whémeﬁarﬁlét?ﬁ@@ispsr@ﬂd‘}-as@swbémhwlé;%-ymlz@phd% SemEQ
H3C0 o, -~ | f = J ' nder
nitrogen v%?%ﬁg%gg@%?uﬁﬁﬁgggﬁg?@%ggo. %%%%ﬁeﬁe?ﬁ% yeg%‘p%%??w%S
m (2.4 smialgntipnnaeel b@dRSR)-45dlimdhylty3 21diGxabordiane3- | @GS4 fediheitiybe372i C
acid. The reaction solution s.stirred at roomtenp. to ensure that al

t he phenol §iexaporiy, ha@@’g%)c‘l\,:gﬂ‘@ﬁ‘)ﬂ‘lp}’%’ B‘Efg}ﬂ’i'é’ andSpsetrydipbh1évd ved
was flushe t ' > 1T W AR e ' g _was
warmed T o BgE e AR B R R R 1 302 s
renoved frdioxdtogolasgct i omtrainldrd-3aftcydOpeand[dit Beldioxtborelehy| demetayiel,3yshed
with dilute sul phuric acid and then sigggﬁg times with water and anal ysed

by gc (fi dPxaeatesliiine, SGEORITE4.64pmethyl ¥APPTINGTe o (ORI DAtymsthal-hdsk i n

e .16 L0, Do ookl 1k QU TR BRI S 2
pi nacol esdiéxabordfand4S,55)-4,5-bis(methoxymethyl)-1,3,2-dioxaborolane, (4R,5R)-4,5-dicyclohexyl-
1,3,2-dioxaborolane, (45,55)-4,5-dicyclohexyl-1,3,2-dioxaborolane, (5R)-4,4-dimethyl-5-
phenyl-1,3,2-dioxaborolane, (55)-4,4-dimethyl-5-phenyl-1,3,2-dioxaborolane, (4R)-4-phenyi-
1,3-dioxa-2-boraspiro[4.4]nonane, (45)-4-phenyl-1,3-dioxa-2-boraspiro{4.4]nonane, (4S,5S)-
15 4,5-bis(1-methoxycyclopentyl)-1,3,2-dioxaborolane, (4R,5R)-4,5-bis(1-methoxycyclopentyl)-
1,3,2-dioxaborolane, diisopropyl (4S,55)-1,3,2-dioxaborolane-4,5-dicarboxylate, diisopropyl
(4R,5R)-1,3,2-dioxaborolane-4,5-dicarboxylate, (1R,25,6S,75)-1,10,10-trimethyl-6-phenyl-3,5-
dioxa-4-boratricyclo[5.2.1.0*|decane, (15,2R,6R,7R)-1,10,10-trimethyl-6-phenyl-3,5-dioxa-4-
boratricyclo[5.2.1.0%%]decane, (3aR)-3a-methyl-3,3-di(2-naphthyl)tetrahydro-3 H-pyrrolo{1,2-
20 c][1,3,2]oxazaborole, (3aS)-3a-methyl-3,3-di(2-naphthy!)tetrahydro-3 H-pyrrolo[1,2-
c][1,3,2]oxazaborole, (3aR)-3,3-di(2-naphthyl)tetrahydro-3 H-pyrrolo[1,2-c][1,3,2]Joxazaborole
(3aS)-3,3-di(2-naphthyl)tetrahydro-3 H-pyrrolo{1,2-c][1,3,2]oxazaborole, (4S,55)-4,5-bis[(4R)-
2,2-dimethyl-1,3-dioxolan-4-yl]-1,3,2-dioxaborolane, (4R,5R)-4,5-bis[(45)-2,2-dimethyl-1,3-
dioxolan-4-yl]-1,3,2-dioxaborolane(2R)-2-{(4S,55)-5-[(2R)-1,4-dioxaspiro{4.5]dec-2-yl}-1,3,2-
25 dioxaborolan-4-yl}-1,4-dioxaspiro[4.5]decane,(25)-2-{(4R,5R)-5-[(2S5)-1,4-dioxaspiro[4.5]dec-
2-y1]-1,3,2-dioxaborolan-4-yl}-1,4-dioxaspirof{4.5]decane, (4S,5S)-N*.N*.N° N*-tetramethyl-
1,3,2-dioxaborolane-4,5-dicarboxamide, (4R,5R)-N* N* N° N°-tetramethyl-1,3,2-dioxaborolane-
4,5-dicarboxamide, (1R,2R,68.8R)-2,9,9-trimethyl-3,5-dioxa-4-boratricyclo{6.1.1.0*¢]decane
and (1S,2S,6R,8S)-2,9,9-trimethyl-3,5-dioxa-4-boratricyclo[6.1.1.0**]decane.
30



- 6 t~i,~"~ 2003 -29 Examie Formation of

4-(4,4,5,5-Tetramet hyl -1, 3, 2-di oxaborol an-2-yl)aniline ~~ O ~B ~ / = IQII—E"A% 2003
To 25.8 ng Pdd, (dppfj.CH=C Z in a reaction tube under nitrogen were added

4 mM dioxane, 0.43 m (3 mmol) triethylamne, 0.46 m (3.2 mmol)

pi nacol borane and 219 ng (1.0 nmol) 10 p-iodoaniline. The reaction sol ution
was stirred at roomtenp. to ensure that all the phenolic groups had

reacted with pinacol borane and the hydrogen evol ved was flushed out of the
reaction tube with argon. The reaction solution was warnmed to 80C with
stirring in an oil bath. After about 2 h the solution had turned green and
heat i ng wa¥mesthefiydsotomne derivatiyes wil b moreagadily; agoable ¢o snbsequenpkydrelysis ed

fromthe rgaction splution, -extracted.in h cetat washea sever al
i mos. wi ¢ HREa e e 6t e et afiloRCopdmlE” FitBermiiF G

col umm) . Theice oV Hytdbofie defivAve uRedinaf FcHiawadnifsl §0erfthd RladlioPSrdkiuas eas,
uncorrected for response factorsd}@ in the gc and that was shown by gc/ns to

be due t o fermeddddiedéakyhydroberanmiderivatives piaj deanadedolowingtibe merhwd ofdarksr, bot h
k but | t il i d
the pheryodratiat Btfte QleB 892t S8R ol K% Arcineefimist A

E resence Q’91§4l A4 B35 o Betlo-Rdarrer) MI&. i Rodripeez Retinea) MUEX] aideFlopé¥ Pafrad A
ormation o

N[ 4- ( 4, 4 BetasoatemrGham. h}P934 43 623.4iQhemsebpdnior-the prsrarsyion of sheyhydrebargne- g
~-NHCOCH3 i .0 To 2 PdCl ., ( f. 1: in a reaction tube under nitrogen
wer e addegcﬂ&%weﬁwakﬁﬁgygﬁi%éﬂﬁg1%?‘nnﬁi) triethylamne, 0.47 m (3.2 muol)
pi nacol borane and 262 ng (1.0 mmvl) 30 p-iodoacetaniiide. The
p-iodoacetanilide did not react with the pinacol borane to |iberate

hydr ogel. Thh presess étvertipnsdsopro adeswerouizae sasae ¢haraBompoundgs. s€hiraliang and akkane |
bath. After h - 6 _MAY Q003 -30 th ol.ution h ar kened an,al j quot
(0.3 ) SRetescmay i PRBHerHE e SRl TRt oy FRERRST nilh tef G

et her, washRdhydt¥birahe his"BS emdntibméHt Qkcddh bf mel enamiboet G¢er (dnothedleth@CERT |
SCGE HTS capillary colum). There was only one strong peak (of area 74 % of

total pealkresdues shiralmeyrand alkeye horatesckyingse corespording iepantinmegis exgesst hEe was

o heat ) ngely o8 st ar of Wich pbiafe B85 s HasRRER D) § BRbEARLOREE’ CHEHC"
yield qf5_ bfﬂué@%%’rm teoichiev&d einglclafd eftalypgr eased to 81 while that of the

acetanilide and phenyl boronic acid pi nacol ester peak areas were 14 % and
3.4 %respectively. . 10 The enploynment of a | arge excess of pinacol borane

2o SRR o TAE ARG, ASERAREEH BEHe slrage ™ o1

pi nacol bopaed of Gadp 8- Fosthé perivdid table described in Chemical and Engineering News,
4-(4,4,5,5-Tetramet hyl -1, 3, 2- di oxabor ol an- 2-1\}“ benzam de O I—?/NOC 0
63(5), 27, 1985.” Examples of such metals include Ni, Pt and Pd. Preferably the catalyst

20 is a palladium catalyst, although analogous catalysts of other Group 8-11 metals may also

9

be used.

Examples of suitable palladium catalysts include but are not limited to Pd,(dba),, PdCl,,
Pd(OAc),, PdCL(dppf)CH,Cl,, Pd(PPh,), and related catalysts which are complexes of

25 phosphine ligands, (such as (Ph,P(CH,),PPh,) where n is 2 to 5, P(o-tolyl),, P(i-Pr),,
P(cyclohexyl),, P(o-MeOPh),, P(p-MeOPh),, dppp, dppb, TDMPP, TTMPP, TMPP,
TMSPP, 2-(di-t-butylphosphino)biphenyl, (R,R)-Me-DUPHOS, (S,S)-Me-DUPHOS, (R)-
BINAP, (S)-BINAP, and related water soluble phosphines), related ligands (such as
triarylarsine, triarylantimony, triarylbismuth), phosphite ligands (such as P(OEt),, P(O-p-

30 tolyl),, P(O-o-tolyl),, P(O-iPr),, tris(2,4-di-t-butylphenyl)phosphite and other examples
described in the STREM Catalogue No. 18 (Chemicals for Research : metals, inorganics
and organometallics 1999-2001)) and other suitable ligands inciuding those containing P



20 To 24.9 ng PdCd z(dppf).CH-G | in a reaction tube under nitrogen VY;K\F
added 4 m dioxane, 0.43 m (3 mml) triethylanine, 0.6 m (4.1 @Iy 2003
pi nacol borane and 243 ng (0.98 nmol) p-iodobenzam de. After flushing the
reaction tube with argon, the mxture was warnmed to 80C with stirring for 5
h in an oil bath. An aliquot (0.3 m) was renoved fromthe reaction 25
solution, extracted into ethyl acetat@0-washed several tinmes with water and
anal ysed by gc (fid detector, SGE HT~ capillary colum). The desired

aryl boroni c acid pinacol ester was formed; confirmed by gc/nms. The nmjor

si de produgid/ovae abeizRntserdifling (8 tirepal¥diufOatoms (sufixanfoP eRahplbpy Sikg, of a
conpound that has |ow solubility in comon organi c solvents t.hrquglh
react i on AKYIR8dRpySHpSigKEed Byt B%S’Er?atb‘%)fr@y&tﬂ%@’ltsﬁb?tﬁ‘ﬂﬁﬁ‘ Pnt cbipyridyl andr
hydr ogen Qgﬂg;s ' QmfRdsh I ' : : :

4- Hydr oxy- 3-(4?64‘1:%9%%325-, tare??gar%gt hyl )1’"agd?tlge?ggggg%?gl(légrx]uxgsz;/llts)cstrl]lglaiﬂ L:Stlfsani ne HO
10 CH2CH( NHegegoef atiserce of liggnded The(pappdipmaatatysts inglude paliasium and paladiumer

(3. 5 ot yCCBPABES Bibodnd of tefelRfon SiftSufborts oiBIPsy pallBABhI VY AV oty ™
reaction sslpatladizmvidacks palladish elustescmdtpatipdiumtalusters coainingeothdrahetalsland 5 t he
The. hydr ogeliPGE 0 2R e B PPRRRER ot A1 T e MELEIGH S, Gt tilon
and the nmQGdmmenio@iondAI99¢dp 13758 Olhevdaire o tdifferemoGfomp 8LP1 imeiamcﬂglg'?ﬂggn?ﬁ%d; . An

aliquot (0.3 M%@Nas .enmoved fromthe reaction sol ution, ext
et hyl acetied!o ¢aalyse Igg%‘rséﬁpst‘? F‘ﬂ?sprﬂﬁsﬁ gfc‘?aaibf’iaé’d‘ YHBAE8 0 SGleFer Cataldstneat
vater Te witMsands alad tfnd0dehiripe ah“ﬁs%rgfw\yﬁl?dxe Rbthftic Ghg BérhPsurdbrkhat 1 20

wat er/ acetonitrile, by hplc/nms.” The mation of the deSired aryl boronic
aci d pi nadainirise gys aggdnfi rmed by hpic/ns and on the basis of the
negative ion mass spectrum in which the I- ion was not observed, (unlike

in the case for the substrate 3-iodo-L-tyrosine), it is unlikely that the
anal ysi s SprpG®up @Al linselcatdlyst Maydaa platintmo somplex 2 Exafiples of ssitable-platimi 0

32 XA FOL TN L0 Ohe e T B by &IPSR 2 Y1) bernaol

15 PtClL(dppf)CH,Cl,, Pt(PPh;), and related catalysts which are complexes of phosphine
ligands, (such as (Ph,P(CH,),PPh,) where n is 2 to 5, P(o-tolyl);, P(i-Pr),, P(cyclohexyl),,
P(0-MeOPh),, P(p-MeOPh),, dppp, dppb, TDMPP, TTMPP, TMPP, TMSPP, 2-(di-t-
butylphosphino)biphenyl, (R,R)-Me-DUPHOS, (S,S5)-Me-DUPHOS, (R)-BINAP, (S)-
BINAP and related water soluble phosphines), related ligands (such as triarylarsine,

20 triarylantimony, triarylbismuth), phosphite ligands (such as P(OEt),, P(O-p-tolyl),, P(O-o-
tolyl);, P(O-iPr),, tris(2,4-di-t-butyiphenyl)phosphite and other examples described in the
STREM Catalogue No. 18 (Chemicals for Research : metals, inorganics and
organometallics 1999-2001)) and other suitable ligands including those containing P
and/or N atoms for co-ordinating to the platinum atoms, (such as for example pyridine,

25 alkyl and aryl substituted pyridines, 2,2'-bipyridyl, alkyl substituted 2, 2'-bipyridyl and
bulky secondary or tertiary amines), and other simple platinum saits either in the presence
or absence of ligands. The platinum catalysts include platinum and platinum complexes
supported or tethered on solid supports, such as platinum on carbon, as well as platinum
black, platinum clusters and platinum clusters containing other metals.

30 )

The Group 8-11 metal catalyst may also be selected from those described in U.S. Patent

5,686,608. In certain reactions there are advantages in using ligands with altered basicity



O HO2C To 26.1 ng PdCl, (dpp~.CHzCl, in a reaction tube under nlgéﬂﬁgp ﬁﬁfe
added 4 ml dioxane, 0.43 mL (3 mmol) triethylamne, 0.37 m (2 ﬁ

pi nacol borane and 250 ng (1.0 mml) 10 3-iodobenzoic acid. The reaction
solution was stirred at roomtenperature to ensure that the carboxylic acid
group had reacted with pinacoiborane The hydrogen evol ved was fl ushed out
of the reaction tube with argon. 5 this period, the initial crinson

col oured reaction solution turned to 5n orange col our. After warm ng to 80C
with stirring for 73 h in an oil bath, an allquot (0.3 mM) was renoved from

the reaction solution, extracted.i te and washed wi th

di | ute s AnAiaGstesic driky’ gﬁéf“?’ﬁ%ﬂfe%‘é‘@lgi: &’ Ci"?’éé‘é 'f‘%‘W%E FOIB%‘be%a%av%l,ng by
gc (fid r r

f ound inqtﬁ%e tgg %{?Egn% n| n |l%gte llu%lg?sté(rafﬁitcﬁéeﬁelg%ﬂg?l%ﬁfeﬁgg &rq?g'[scargcorrp%?l on.
Only 3 peeaddlywadergobgratredadditiontaed g@lueﬂﬂdﬁumhﬁtm tOwee skilledanthe aanwtodld dse
were sho b /ms to edueto t he.pi nacol esters_of
phenyl bo%*ﬁ%’%&cﬂaé ﬁ&atﬁ'é@l e lSc Hoxéf“ﬁg'é ‘%H@ﬂ?/‘i‘lﬁﬁ’r%ﬁipée fegedy ABewni ch
was pre i gain! e 88 Formation of

4- (4,4, §E€%T%t@rfalrr[g ]S‘%atﬁw%déooxgﬁ%rgﬁgn 2-yl)benzoic acid 25 No2c ~ s To
25.4 nmg PdACh(dppf). CHzCI in a reaction tube under nltrogen wer e added 4 ni
di oxane, 0 43 m 1) triethylamne, 0.37 m (2. H‘; &naool bor ane
and 249 myitable @% plsagnglugie, mstaliosyslic’ %Rfvrepun%éniié&&noa ss Hiat s forms
stirred I rboxylic aci-d group had reacted
wth pi nglt(‘:o E)%?g%cggsg?ﬁgegzcﬁagﬁr[&o%ﬁ%%% lEltﬁl on changi ng - 6 MAY 200 - 33

over ca. 20 mn. fromecrinson to a pale orange-brown colour. The hydrogen
evol ved was flushed out of the reaction tube with argon After warm ng to

80C wi th 1diej Gatalysys pesording o the afﬁsfd*i‘ InyERten may bg pERRated (i, situn Foraxampl ?mved
f th

i ute serancs il ot baStphSYORGERS of PhicRician, BEBlBLRAAPSIABT A 1 g
by gc (fiod aqﬁllmnmr(ﬂ) SEE sudhSis akpadetans yndethe dezijed dionet-or alilphesphivedn aahdo was

found in the solution indicatjng that the reaction had gone tqo conpl etion.
Only 3 péBRs thaty @e PA/B, yam rafio ﬁeal@fﬁox‘ﬁ%aﬁél‘ k'Ban ATiBeS ofUFB 3 fornexample

were sho leeth f
phenyl bo%@#@&%ﬁgﬂﬁﬁ% S% ?‘ééé&@g?%gbf at e?&ﬂﬁh&?ﬂnﬁ\g@gﬁ?c acl cf{ c\?\%gch
was preseatlyss fbr the dstomaon eninyhbalila ty;ibOspEmasrpI e 9 For mat i on of

3-Methyl -4-(4,4,5,5-tetranet hyl -1, 3, 2-di oxabor ol an- 2-yl )benzoic acid CH3 O
15 HO2C ~ ~ B\ O To 26 ng PdCh(dppf).CH, Cl: in a reaction tube under

Cr : . o

(2. 6 oo e prtp A e bRt hertotafETi ko, SHERIDSORINR: sdbecal '

aci d. Thenireaet | Bxangpitu bl euchvad vatts mrcdadieatoweocmrk)tle&mrs tod therdower alliphauc he
boxyl had ted with b t h I th

ol Ut 1 on CERBRHIR o G aanEBe e e REY FHoATES sy SPES B GHioNBE our

The hysly qagihevelr ﬁ@rh\é’a&ﬁs' MR Sy UitipRhtid @@cdn@ﬁ%rt !HQHICE U%M& fbraamﬁnc Af ; er

warmng to 80Cwth'stirring for 73 h in an oil 'an al I quot

was r eno\rgdrocamong, reeetoatdle (bnnzsmitute; omerseml)aadtees:l qynh@ etSrsetionydr aoelaat:e and
washed vvlth dl|h|te sul p urlf; ? and then. ral times with water before
anal ysi n§ MY I ip e W@%ﬁ” %{ S sobiedtn) . No

4-i odo- 3- net hyI benzoic acid was found in the soI ution indicating that the
reaction had gone to conpletion. Only 2 peaks of peak area greater than ca.
1 % wer e Potfemred salvdnts md:iadego sheptangs DMAa PM 5, ba’rdr@lnr;mamnj talhens eacemitrith own

b c/ to be t.o 3 nZOI d a h col er,.of t

onslCotd shitkat JoHE, Hudt Ben S PE BT G RR Ml o SRS T ion el

concent r ghihket ﬁi@@&haﬁé&%dﬂ@@o@&e %:ﬂf/ativ@t@by Qﬁakse&ﬁle%}n the sBIviHis ~ard kb3
anhydrous.

The temperature at which each step of the process according to the invention is conducted will
30 depend on a number of factors including the desired rate of reaction, solubility and reactivity

of the reactants in the selected solvent, boiling point of the solvent, etc. The temperature of



-34 Exanple 10 This exanple denonstrates the effect of a pronoter og Qhﬁma
rate of reaction of a aryl brom de w th pinacol borane. S Fornatio A
4-(4,4,5,5-Tetramet hyl -1, 3, 2-di oxaborol an-2-yl)aniline v C 10 To 25 ny

PdC 2(dppf).CH Clz in a reaction tube under nitrogen were added 4 ni

di oxane, 0.43 m (3 nmml) triethylamne, 0.46 m (3.2 mol) pinacol borane
and 177 ng (1.03 mmol ) p-bronoaniline,_The reaction solution was stirred at
roomtenp. for a short tinme and t hen-#fashed with argon and warnmed to 80C
wWith stirring in an oil bath. An aliquot of the pale yellow solution was
removed after 5 h, extracted into ethyl acetate, washed several tines 15

wi t h wat erthereschorawilbgametally ge inf the dargietad c1 Q) to Z36ECHTIS aguiplerried ebodimennihe The
amount of the desired duct, identified b L was 1.2 9% based on peak
rea (uncdlrPest Baperarmekd gifteri iR toruseh Va6 ol ekiabiicherv sonel s At
amount of ggepduct had increased to 16 % Wen the reaction was carried out
in the presence of 28 ng of p-iodoacetanilide, product 20 fornation was
appreciably faster. After 2.75 h reaction tinme, a sanple was taken fromthe

yel | ow b reagti.o ol ytion d prepared for gc ana LS as above. The
rount. of WRatians syl s el et RRa, O bt St VBicho fdn pirse 3
was, baseqnhOReREdl MixARe, ROcafabléfdfesataikiy, " RBRIHAR drl ABisHA}E 1 hi's
speci es had i%creaseé( t% 63 agj?of thea t%ta }ggak.agee{s an%ﬁgﬁ(r) Eﬁﬁngﬁ%ﬁ?l i ne
was det ectreattams.t Ade basecmay be swvitahle dor promoting aesingle steheommjoor tAR aniedstep,
product. 30 6 hi,'~Y 200 -35 Ex |l e 11 Thi s exanpl e denonstrates th

Bt fect - of EPsIRRILIRe CEFTER QEGIE Op e rEaEOR o ROD RIS GHEC TG, et g phwhich

pi nacol bog 9 feRdiBat b@Wedl the olefini t d and isubsti

4.4, 5 5 TEranst hy -gﬁ( A et hyl phenyly -1, B82S oxabrof ane Fis, disybstiuted
25. 6 nglPainobyrpbiraieib@Rhich isnatetong emough mademtiie comlitiorsgmed nethe rexitied 4

m di , 0.43 3 ) trieth i , 0.22 m, .. D ] I .
b1 naco! bor REOREI eGSR BaFiAn Bhiteatidl of lkehe Darse fitt 3ddiioPaligne caieinisne
reacti on sglidbhl oMRRharREFIRE dothpttlhd Wid B aftbipréfeni®id {Ea@d‘bé%blfis BitsEh whth s

aliquot of the pale yellow reaction solution was renoved after 1 h an
and a t hi sdlubleny theasdleant 5o Wwhicha it is added. mExamphdsi efhbasesrsvhidheareaduitablenfonad

turned a darkish 15 green cql our. The aliqguots were extracted into ethyl
acetat o RECHUINE Mo TEACI0R RS ORG: BF “AGPEn AP GOR g, tr PR By or
SCE HTS £ afirohdebpsiahs! Hitlude soGorAERU Bhired, t‘éhﬁar/{f %hﬁﬁé%?&ﬂ%ﬂaﬁc gLt RRRs Ahd
ester was 5.6 %after 1 h reaction tine, 66 %after 3 and”the reaction
was fi ni slasunesf bearing & s¢doad aul morepbetkroaatom. urbomer of these bases rmeagpbaamed in
factors). Wien the parallel reaction was, carried out in the presence of 35
o (0! 15 BRI b AbsE el feagehe Aen S BBl S RO B TS O o
aci d pi nag cr@dhthdr®r med was 34 % Wien the reaction solution was anal ysed
after 3 h reaction tine, the reaction had al ready gone to conpl eti on,

i ndi cated by the absence of p-iodotoluene in the reaction solution. Exanple
12 25 Th s..exappl e, denpnsirates that the rate of reaction of an aryl iodide
wi th pi AR EBEBBIA RCOEE BEDE A cabd e e RSt Rulefes #Rdaterohdints Wik e
such as pthedioasaiuaal thord8orafr rvﬂi&idu@@exﬁfallg catalysing the further reaction of the aryl or

4,4,5,5-Tetranet hyl - 2-phenyl -1, 3, 2- di oxabor oi ane 30
alkene intermediate include triethylamine, and other N-bases.

Bases that can be used to activate the catalyst prior to use in the reaction are preferably chosen
25 from secondary amines, tertiary amines, aromatic amines, aliphatic cyclic amines and amines

bearing a second or more hetero atom.

Examples of bases that can be used to promote the catalytic activity of the catalyst by treatment
with the base(s) prior to use in the reaction include but are not limited to triethylamine, 2,6~

30 dimethylpiperidine and N-methylpiperidine.



- G ~~Y 2003 -36 Three parallel reactions were carried out. Reacti_og MAY 2803
26.5 ng PdCl, (dppf).CH-Ch in a reaction tube under nitrogen were added 4 ni
di oxane, 0.43 nl (3 mmol ) triethylamne, 0.23 m ( 1.5 mmol) pinacol borane
(crimson 5 solution) and 215 ng (1.05 nmol) p-iodobenzene. The reaction
solution was warnmed to 80C with stirring in an oil bath. Seven aliquots of
ca. 0.3 mM were renoved fromthe reaction solution at hourly intervals. The
reacti on solution remai ned a pale yeld3ow col our for the first 6 aliquots
and was green in colour when the seventh aliquot was taken. A final aliquot
was taken after 25 h reaction tinme. The aliquots were extracted into ethyl
acetate, EQaMesbed shik i dde i

detect or, S(';!E\ﬁla E?’S Sg‘g’?ﬁ“g%y Ldﬁrfrw)d %ﬁ%&f?%ﬁ%é%ﬁé%ﬁggﬁjﬁgﬁ&rég% if%e and
quant i t i esclusieavatdrealselrods angl doidst he Reaction 1 above except that
p-iodoacetanilide (27 ng, 0.105 mml) was added to the reaction m xture. 15
The reaction solution remai ned pale yellow for the first four aliquots but
was dark AQuisddRrdi® IRIEHIRMalkBRAGrheN akd TH§I BRAST fefd t@ﬁfegﬁéaucgs G Group
guantities enployed were again the sane as in 20 Reaction 1 but to I's
reactiof 8d$ nwitad basectatalysaicresction betkeeeq 617 olefinig or Arofdticnarhpourdirespeetively ad

sol ution rengi ned | e | low for the first three aliquots but was dark for
Uhe. r emai i esisubptimted, Biatibostne; HEE mrafhet BRRiRg Errhom: HachIToBha Hofited
under t hegafiliPpdsdnt i on 25 conditions is shown in the table. The
concentration of phenyl boronic acid pinacol ester given in the table is
uncorrected for gc fid response factors or for the sonmewhat variable

amounts of the hydroxyboronpi nacol ate .ester. (jdentified b c/ ns) pr.esent
Tt he soinud Y aners Sote TRHRAS RO IR SO s Btk o AR BitAGtRRIAE a0

cor 1 ect clbeayit BE ofe i ioRyié QBABRAR dRuty e cRAGL b Rer@hehlSk! j@n
products tro taﬁe tgt al pgaklar ea. "3 glh§a~ 230 -37e Tablrgt:a%{sfe%@%fﬁ?@on of
phenyl bordascrbeic usingiestablidhee sireceditirasm [Jrhie ochod exfi ZAgydeolpsisl ipian futiborafnthewi t h
and wi thout reactjon rate enhaneers. Co centratign i s expressed as peak

area. 5 I S‘_FQ?&B’L“? Frorpbazane g QeRet 3L Nd Gk orgies P’Edeé)é"etaﬂ?W‘Fli’léG. 50
mol acet%lgﬂg#%‘“?%ﬁgﬁmdgé&a%§3$g%&9%w87596956929292790929225 ~97

~95 ~94 1 I's exanpl'e denonstrates the effect of a pronoter on
the rate of reaction of a bronoolefin

15 Some of the aryl and alkene borates and boronic acids are novel and represent a further aspect

of the present invention. Some of these novel compounds are as follows:

4-methoxy-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzoic acid,

4-Hydroxy-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenylalanine,
20 3-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)benzoic acid,
3-Methyi-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzoic acid,
5-(4-Phenyl-1,3,2-dioxaborolan-2-yl)-1,3-benzodioxole,
5-(4,5-Dimethyl-1,3,2-dioxaborolan-2-yl)-1,3-benzodioxole,
5-(4,5-Diphenyl-1,3,2-dioxaborolan-2-yl)-1,3-benzodioxole,
5-[4-(Methoxymethyl)-1,3,2-dioxaborolan-2-yl}-1,3-benzodioxole,
5-Tetrahydro-3aH-cyclopenta[d][1,3,2]dioxaborol-2-yl-1,3-benzodioxole,

R
wh

5-(4,4,6-Trimethyl-1,3,2-dioxaborinan-2-yl)-1,3-benzodioxole,
5-(4,4,6,6-Tetramethyi-1,3,2-dioxaborinan-2-yl)-1,3-benzodioxole,
2-(1,3-Benzodioxol-5-yl)-3-methyl-1,3,2-oxazaborolidine,

30 2-[(1S,2S,6R,85)-2,9,9-Trimethyl-3,5-dioxa-4-boratricyclo[6.1.1.0*¢]dec-4-yl]benzonitrile,
(15,25,6R,85)-4-(4-Methoxy-2-methylphenyl)-2,9,9-trimethyl-3,5-dioxa-4-



and pi nacol borane. Formation of

2-(1,2-D rrethyl-1-propeny|)-4,4,5,5-tetranethy|-1,3,2-dioxaborolaﬁéBZHAYOZ(m3
O 25 To 24.7 nmg Pdd 2(dppf).CH Cl= in a reaction tube under nitrogen were
added 4 ml dioxane, 0.43 m (3 muvl) triethylamne, 0.23 m (1.5 mmol)

pi nacol borane, 28 ng (0.1 muol) of p iodoacetanilide and 1~6 ng (1.05 mmol)
2- br ono- 3- net hyl but - 2-ene. The reaction solution was warnmed to 80C with
stirring in an oil bath. The pal e yel?bw sol ution darkened to a

yel l ow-brown after 19 h. An aliquot of the reaction solution was renoved,
extracted into 30 ethyl acetate, washed several tinmes with water and

anal ysed bmngnq@kﬂdlddfﬁdmmng SCE HTS 6 MAY 2003 -38 capillary col um).

The desi red roduct, ident Mg [ s, had forned and was th 2gra j or peak
M dneglly x2 0% IR R RRT § 1 BRI BT R o AR M i

(by gc) Yﬂkf‘%ﬁ that the reaction had gone to conpletion, no
2-brono-3 jut - 2-ene being found in the reaction sol ution. Examln a

14 This exaﬁm&,mmm 929 <Britried hyd et -¢2 , B, ANkrinad thenx yptham yPY- 1,4t & opsd-4 -
Format i %n 26
5- (4, 4, ;*?“PQ?%%%Q hy10-ddesase, §i oxabor ol an- 2-yl ) - 1, 3- benzodi oxol e 10 O\, 0

-0 ~~ 0 T ~ e dded
ot 0 or SIS G S-AAEABBI et R0 09I SUBS Pt R

pi nacol bo(amsaea 2882 18y 9¢ Dridite thoydl4)- [ 2- (tadmo&ommmypm@d]@wb&mne- The
green col oured reaction_solution was warnmed to 80C with stirring for 6 h in

an oi | babpratgyclef§. b{é@t ldecane,0. 3 m ) of the reaction sdlution was renoved,

extracted d. L

ohal e GiRo RSN b IR S LB G A Bloxh laRartt o bl 6 Pilfane, |
1, 3- benDod+{ b2 R6S,8RB2 O3 Ymﬂ&hplt-hérdrq)«ae@bmhtrmydb[é h1 0H3dages Msentzbkﬁtnld,ue to
the desired ar‘%l boroni c aci d pinacoi ester was al so shown to

cat al yse {hB. 45008 K bk - 6t - Mﬁ‘e“’d‘é’s?r'@&”ﬁl@&ﬁét’u R %é’e?rémetthyl-e Seigkp~4e 15
Mgands.  RaytSERIELT Rhehl, V00 01 FCoqr - /1S Mot carrying phosphine

2,6-Dimethoxy-3-[(1R,2R,6S,8R)-2,9,9-trimethyl-3,5-dioxa-4-boratricyclo[6.1.1.0*)dec-4-
yllpyridine,

15 (1R,2R,6S,5R)-2,9,9-Trimethyl-4-(2,3,4-trimethoxyphenyl)-3,5-dioxa-4-
boratricyclo[6.1.1.0%¢]decane,
(1R,2R,6S,8R)-4-(2-Methoxyphenyl)-2,9,9-trimethyl-3,5-dioxa-4-boratricyclo[6.1.1.0*%]decane,
(1R,2R,6S5,8R)-2,9,9-Trimethyl-4-[2-(trifluoromethyl)phenyl]-3,5-dioxa-4-
boratricyclo[6.1.1.0*%]decane,

20 (1R,2R,6S,8R)-2,9,9-Trimethyl-4-(2-methylphenyl)-3,5-dioxa-4-boratricyclo[6.1.1.0%¢]decane,
2-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)phenol,
4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)phenol,
3,4-Dimethoxy-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzaldehyde,

Ethyl 2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzoate,

25 Ethyl 3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yi)benzoate,
1,3-Dimethyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2,4(1 H,3 H)-pyrimidinedione,
Ethyl 4-methoxy-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzoate,
4,4.5,5-Tetramethyl-2-(2,4,6-trichlorophenyl)-1,3,2-dioxaborolane,

Methyl 2-(acetylamino)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzoate,

30 Phenyl{4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]methanone,

4,4.5,5-Tetramethyl-2-(2,4,6-trimethoxyphenyl)-1,3,2-dioxaborolane,



Formati on of 2-(4-Mei hoxyphenyl)-4,4,~ 5-tetranethyl-I, 3, 2-di oxaboroi ane , O
B\ /-OCH3 30 I ~- 8 T9AY 2003 -39 To 52 ng of Pd( 10 %9 on charcoal and
233 mg ( 1. Omol) p-iodoanisole in a reaction tube under nltrogen wer e
added 4 m dioxane, 0.44 m (3.1 nnn&%atriethylanine and 0. 2M##%%1. 5 mol )
pi nacol borane. The reaction solution“was warnmed to 80C with Stirring in an
oil 35 bath. An aliquot (ca. 0.3 m) of the reaction solution was renoved

after 1 ﬁ-(éﬁ@etb&%wh@@@ahﬂhﬂcﬂ b detrapmetiarlled.2 diek aharolng. several tinmes with

wat er an I, capillary columm). Besides
sone anlgéﬁﬁg%ﬁéﬁen% dééé?%‘gg%‘ﬁﬂ 91oe%11§ I_gﬁe gc (12 of total peak area)
was that4dw@s-tletraxhethglley[zw4ars)tieh@memyplaga diophtvaciah-2edyienyMg8,ysi s of a

sanple of the reaction solution after 2.5 h reaction tinme indicated that

'this pegioxpeagolgfown to 40 41 % of the total gc peak areas. Formation of

44 5 S SRRVl (o T AURRRINL) hudoZaghgabor o ane \B - O 45

Us ng t hé *saifé reac coh I ons an uan Ies’ as in the above exanple

with p | 0dcifirswhmethph2-02185408- wa*ammmsy]ﬁmnylem;}aﬂdmdaboﬂomwes| red ester.
Af ter n the due toﬁhe tol.yl boronic acid

pi nacol é/s[tzel}de%é(g“éﬁ“%%fet‘taﬁ@ﬂty&la?l2 B@éﬁb%P 2-yigphenyllagsmyele.pd( 1 1) acet at e

For mat i 08_(@ivethoxy-2-naphthyl)-4,4,5,5-tet thyl-1,3.2-dioxaboro]
5-(4,4,5, é Tetraret na]i) y% 2- d|50(>3<<'r;1 bor of a ”Sa 1 enzodi oxol e 55 0 To 22

ng of Pd2J4|-DummIn<a¢ye5 (4]4,5 SrEHametlml latﬂedxumwolam-ﬂrﬁmme, added 4 nil
i R A s S AR, 4
sol uti on2hgaeRoB)- RGkpiaRyBdH 5 sQarBhethiel, DO IRGAbLERNARE t0 the ot her
reaction ingredients.-The reaction solution was warned to 80C - s ~-r,;~f
Z003 4-[4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]-1,3-thiazol-2-amine,
4,4,5,5-Tetramethyl-2-(4-{[(E)-3-methyl-1-butenyl]oxy} phenyl)-1,3,2-dioxaborolane,
1-[4°-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)[1,1°-biphenyl]-4-yl]-1-ethanone,

15  3-Bromo-6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-9H-carbazole,
6-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)-2-naphthol,
2-Methoxy-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenol,
2-Methoxy-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenol,
5-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-indole,

20  2,6-Dimethyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenol,
5-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-indole,
4,4,5,5-Tetramethyl-2-(4-phenoxyphenyl)-1,3,2-dioxaborolane,
N-[2-Fluoro-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]acetamide,
Ethyl-2-[4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]acetate,

25  4-Hydroxy-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenylalanine and
3-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)alanine.

The process aecording to the present invention is applicable to chemistry on solid
polymer support or resin bead in the same manner as conventional chemistry is used
30  in combinatorial chemistry and in the preparation of chemical libraries. Thus a

suitably



-40 with stirring in an oil bath. An aliquot (ca. 0.3 m) of the ref8cfAbr2003
solution was renoved after 1 h and extracted into diethyl ether and washed
several tines with water and anal ysed by gc (fid detector, SGE HTS
capillary columm). Besides sone 1, 3-benzodi oxol e, the only other product
peak in the gc ( 13 % of total peak ara) was that due to the desired

aryl boronic 5 acid pinacoi ester. 3: Use of a palladiumcatalyst with an
arsine ligand. Reaction using a m xture of bis(1, 2-di phenyl arsi no) et hane

and Pd( OAcBstithdFRéfitRé bPiroRfatic ring compound linked to a polymer surface is reacted with
~-(4,4,5,5-Tetranet hyl -1, 3, 2- di oxabor ol an-2-yl )-1,3-"benzodi oxole "o 0 o \ /
so 15 8.1 adisafstirdé¢dmonchyddot@ganenimshg preseice 6f agorpap 833 metal| catabyst and a

Cogether  \uAA Cae BrIofh AR alteTaAGag Rerem Spisd B mGT Bt @O TS SUitbee viae.
heat ed i n A Bblard@hf tith HRAEad&S wiB aB oRsARLrRuE hh Ak 3 Bhiskfr H%If
dd 2 ng 20 (°1.06 of

brown in colour. Then added at roomtenperature 26

1- i odo- 33 4ikessubstitects cif @ xgupdinggoesitiandn thegeseficq ofla Granpod-) 1 afetabicatatysi sair ane.
The reaction m xture was then romed to 80C. After h, 45 % of the total
peak ar easUliaRie §a¥ L PremEe B@s‘ﬁoﬁgﬂdﬂ%’fﬂﬁ%‘f c /f@lf%ei@a@émyale?a Excasst er 24
h. Exanpl 5 i | | ALy

For mat 1 on TSy HBRULEE BEky SeychBuo EOTLAROW SRR A o fidirbaues
2003 -41 nlay BS8isoRteddl chenhpqally .cddriol thalink toethe polymelr UlTthe packess Rialgoogen wer e
added 4 nil dioxane, 0.43 m (3 muol) triethylamne, 0.23 m ( 1.5 mol)

pi nacol borPsHbIgAingdhe alerpativectratagy Whene anmerganic £ompovRAd kaving ohalpggiveme. The
reactio j . i b1 i . Q) th for 22 h.
a1 1 Loyl e SESRRERS, LofinEptlioh ahichii: Dbkl PESIRS

et hyl acetsaifeceid Geact@iShiid as ame o hlkehd Bsrawi gripated BT acaodandeakivis 6@ gavseae (fid

detector, SGE HTS capillary colum). Al the )
1- i odo- 3, 4nyaatipy infedireseperorlaheouptt 1 dnetaleptalpstapd msuiblohbrse e forarad ester

t th it 1, 3-b di I ft did.i f 8 nil th |l (which
Hodtt oys thued Bt RIS 08 QBEnr b balaR” FXeOR iBleclinihd B IRl b
Ssymmet ri Cahayothash Bé IwasHedlvay fFSm GikSsuafade F@¥inBnlylthe fed¥iBh hratutosiPienzam de,
the solution was warnmed 10°to 40 C for 17 h. An aliquot (0.5 m) was

r enoved! ¥ sorfaceneTheemipladrprodiaymayrthembl salated dyeappropriatectiéavhgaotthat e and
washed sev ral{f@i}'.&gr vvit&lh Wflt er ar}d anal ysed by gc (fid detector, SGE HTS
capi | | ary 691 5‘ AE B BAIYMES SBi'%y1 (identified by gc/nms) gave rise to
the strongest peak in the gc trace. 15 Exanple 17 This exanpl e denonstrates
that pall adium catal ysts can be activated by treatnent with a base prior to
t hei r use li 1§ gvogpossiblegotpheparepelyiners Wyf reagtionrqfaolé¢fnihat ardenatic compounds

di al koxyborane. In particular, the catalytic activity of Pdd 2(dppf) ., CHZC 2
can b noeRg s B eteciondt jeoc i, uBrdnty SHERchprdaemaitn i a
treat id r [ ' i 1 [ t he

addr 1 oy S e e e & PR Rl el Cukh oot
obser ved isnitdthe bisertodbdino an efyl oh alkessbomaechawingducte thar omd woran fichceshaity (e. g.
pi nacol ester of 3, 4pethyl enedi oxyphenyl boronic acid) there is a further
advant age Tihgsg H‘éerBWFiB‘FCSé?:%ﬁ REafeREIA &‘I“htorﬁéarﬁ%tf%fp%‘%“dﬁ HaYipgmore tag titint  of

bi - pr oduc I 1 oy 1 ~hen i :
dehal ogenglta {0%%@? h%@é&gﬁﬁiﬁgﬁlgggtntg\f?ﬁ%az)DPﬁg(?egl Zlgg!tecearf&tgﬁc %ﬂé@y Srrbnr%i c acid
in whi ch 2bmpbendpheniiteegirangs hatoged o halbpen-kilet albystients gdiich) rea with the
significantl % reduced. . ) .. .

25 disubstituted monohydroborane then it is possible to prepare dendritic molecules in

accordance with the process of the present invention.

The olefinic or aromatic ring compound and the organic compound may be separate
molecules, or may be linked together such that the aryl or alkene borate formed after
30 reaction with the disubstituted monohydroborane is able to react at a coupling position

located elsewhere in the molecule so as to provide for an intramolecular reaction, such as a



For mati on of B N:\Y 8\0%3
5-(4,4,5,5-Tetranet hyl -1, 3, 2-di oxabor ol an-2-yl ) -1, 3- benzodi oxol e 9

~~- "JO 30 ~ 6 MAY 2003 -42 To 24.6 ng PdCh(dppfj.CH2Ch in a react i on
tube under nitrogen was added 4 m dioxane and 0.42 m (3 mol)
triethylamne. The m xture was heated at 80C for ca. 17 h. The redorange
suspensi on of PdCl =(dppfJ. CH: Cl =di ssolyved to give a dark red-brown
soiution. To this solution, at roomtenperature, was added 0.23 m ( 1.5
mol ) pi nacol borane and 253 ng 5 ( 1.02 nmmol)

1-i odo- 3, i e i oxybenzene. The reaction solution was warned to 80C
W th sti r?iihg%hi%#c rr%gcﬁfoﬁh an oil bath. The solution remained a dark
red-brown in colour. An aliquot (ca. 0.25 m) of the reaction solution was
removed, extracted into ethyl acetate and washed several tinmes with water
and brineThe pmcpwcemémarﬁ@ﬁwslwmng%aleq heefil forthie prepamxtionigf seastipe | | ar y

col umm) t % 0

uncorrectie%g ed aéegk%hzcrhégﬁuc HHH taoﬁp ?‘ &H% rg%"nen% §o£e§fﬁmclg%’3‘ings é“%

the only atzﬂilﬁﬂc pf adhiah upaiﬂedlatb krmeg’@m(eart@faeﬁxfno%f%{m ethee oontgiatmpdvinylwas t hat
due to the desired ar Ibo; on| acid pinacol_ester. There was no evidence of

bi aryl f ohahisleiwih oop a eo'bR (faemyla drbeing ‘Q%dﬁ“@a disHettiytednedi oxybenzene
ith t t.ed |
Tabl e 17 SRRAREIDLAL S sibdelud EbRg br ¥ hiffihe AReAdWH AR BB 1

15 still Withtah@rgdale conipodadgivesid kétbge 6@ﬁﬁdrbg§13cﬂf tidQdaol det.e 17. 1. Rate of

product formation on reaction* of 1-iodo-3 nmet hyl enedi oxybenzene with
pi nacol borane at 80C in which the catalyst, PdCh(dppf) CH-C 2, was

ti 1 tod t th &
oo Rl P Mol LORSBERE Mo bt RS d
det er m neHoWyvedGt B¢ by Bhdersddodthhue F&lloMing h@cﬁpt&xﬁt is @0t E0dupkisede theken at

sel ected reaction tines. Reaction O, O C25 Time -\ ~~B\ %_B-00
O- ~ ~ \ gengrglity of-the invertion eously describedsz 40

............ - . ......U...lwo0.uUU...0N....U...NWJU. . UU. NOUUM . OW. W. . . ... W\ .
uuduuud?...o...nmuu...... wawr. . Ju..ua 1S =5.2 2.1 26 66

20 5.9 2.Rorifatidn 664-(4,4,5 8-tbtrarhdtayi- 12@@.’axoxat4&olan-2-yl)phenol

o~/
. o)

To 24.5 mg PdCl,(dppf).CH,Cl, in a reaction tube under nitrogen were added 4 ml dioxane,
0.42 ml (3 mmol) triethylamine, 0.35 ml (2.4 mmol) pinacolborane and 221 mg (1.0 mmol)
p-iodophenol. The reaction solution was stirred at room temp. to ensure that all the phenolic

25 groups had reacted with pinacolborane and the hydrogen evolved was flushed out of the
reaction tube with argon. The crimson coloured reaction solution was warmed to 80°C with
stirring in an oil bath. The colour of the solution changed to a pale orange and after 2 h the
reaction solution had darkened. After 8 h an aliquot was removed, extracted into ethyl
acetate, washed several times with water and analysed by gc (fid detector, SGE HT5

30 capillary column). No p-iodophenol was found in the solution analysed ir;dicating that the

reaction had gone to completion. Only 3 peaks were observed in the gc, other than the



................................................ ,..." 3.2 3.6
87355. 9a 3. 41.289405. 7= 3.4' 0.790505. 63. 40911805. 73. 5091 * Used 25.5 ng of
Pdd 2(dppf).CHCh. 4 m dioxane, 0.43 m (3.0 mmol) triethylam ne and
warnmed to 80 C for 16 h. Then added 0.23 m ( 1.5 mml) pinacol borane and
247 mg (1.0 mmol) 1-iodo-3, 4-net hyl enedi oxybenzene at roomtenp. before
warm ng the reaction 10 to 80C. The rgaction was quenched at the sel ected

reaction tinme by addition of the aliquot of reaction solution to a
wat er/ ethyl acetate m xture. Table 17.2. Rate of product formation on

reaction* of 1-i | ene Xyhb ene, W |nacolborane at 30C in
whi ch t he SRXEB efgft%esﬁdt‘ﬁme% Sysa?@ 9be g0 a&%ﬁaﬁ@e pacgh estess af s

enpl oynen are
eI Y o0 SR8 e b Mo A0 sEBBEToh AL g

anal ysi s bésedlonghopspak atdag memédtcmlrfosﬁdi mdsponze] whreri 486, 5% @@t 2Bdsr eact i on

E |OmEs _ 2? %eSSpgﬁgglty& e@hgnyﬂ)ogmnc chd eggrr 15 (ttgyugh{dth?a;e Em\ned througl aryl exchzg.nge

I

......... Example2 . . ... .. 32084=13842v081177 230 71

26 28 = 4 1

PdCi (dpp??m%-éé gﬁﬂéﬁl&a’ﬁ%@éﬁg% %ﬁﬂ%&hnw lgﬁ’zodléﬁ%ﬁr)o ?gpﬁ glr%arc\l(g1 and
warnmed to 80 C for 16 h. Then added 0.23 ml ( 1.5 nmmol) pinacol bQ ane and
262 mg 30 (1.0~ nmol) 1-iodo- 3, 4- metdryl enedi oxybenzene at roomtenp. before

war mi ndot he reaction to 80 C h% reagtion was quenched at the selected
reaction time by addition of aEll uot

/~o \ /

COzH

To 26.9 mg PACl,(dppf).CH,Cl, in a reaction tube under nitrogen were added 4 ml dioxane,
15 0.43 ml (3 mmol) triethylamine, 0.35 ml (2.4 mmol) pinacolborane and 277 mg (1.0 mmol)
3-iodo-4-methoxybenzoic acid. The reaction solution was stirred at room temp. to ensure
that all the phenolic groups had reacted with pinacolborane and the hydrogen evolved was
flushed out of the reaction tube with argon. The reaction solution was warmed to 80°C with
stirring in an oil bath for 8 h. An aliquot (0.3 ml) was removed from the reaction solution,
20 extracted into ethyl acetate, washed with dilute sulphuric acid and then several times with
water and analysed by ge (fid detector, SGE HTS capillary column). There was only one
peak in the gc at retention time longer than that for 3-iodo-4-methoxybenzoic acid and that

was confirmed by gc/ms to be due to the desired arylboronic acid pinacol ester.

25

30



'- 6 ~~'~r~Y 2~~3 of reaction solution to a water/ethyl acetate m xtQul¥Y 2003
When the catal yst Pdd z(dppf).CH=C, is treated with the am ne together
with the borane ester prior to use in the reaction, the initial reaction
rate i s enhanced, indicating that sone S catal yst has been activated. The
overall reaction, however, is slower than that when the catal yst receives
no pretreatnent. Catal yst presumabl y-29nacti vated by the pretreatnent with
triethyl am ne and pi nacol borane appears to be nore resistant to activation
during the progress of the boronation reaction. This can be seen by

conpar i sogxghnitabl es 17.3 and 17.4. In Table 17.3. the catal yst was not
activated prior to use and the reaction rate over the 10 first | to 2 hours
i s slow Fomiaibhef1A44,5.3-Retrandthylylsd,2sdascaborobanettyhartiindot h tri et hyl am ne
and pi nacol borane prior to use in the reaction and the initial reaction
rate i s enhanced but the overall reaction is slower than that shown in
Table 17.3. The prior treatmgnt of the catalyst with triethylam ne and

pi nacol borane does, however TPt ove 8 yield of product by reducing
dehal ogénation. 15 Table 17 s okt f or mati on on reacti on* of
| -i odo- 3, 4- net hyl enedi oxybenzen@ w t N—pf nacol borane at 80C i n which the

catal yst, PdCh(dppf).CH-Ch, S not activated, prior to enploynent in the
reaction, with triethylam ne. The concentrations are expressed in area %
(uncorrected for response factors) determ ned by gc anal ysis of aliquots of
t he 20 r et 25.8mgsBdOk(dppl).CakElRirad regetionatbriundeapitrogan werseslde®® niRdixsiangn O ~

O_O0~0QTi h) -~-0O ~.s \ \ O~~,0. \/ OU11.10.7594 4.5
O = O R T B bty trietiglamise, .46 mil (3.2 mmol) piracolborane and 2 D

e groups had .reacted with pinacolborane.and the hydrogen evolved was flished outofithe . . . ... ..
......... fehdtion e with aégon. The ehétion Soluiion wWais Wyingéd o §0° igh sfsing in il ** "

(3.0 mmlx)/errersh@m;syg%ﬁ% bOdee3othilind aRd HFPhEnPbORAR! RAT iR oPETer2GRery (1. 05

mol ) 1-iodo-3,4 nethyl enedi oxybenzene. The reaction was quenched at the
sel ect @8 wesmn indivatipmef thy prgstaice phunredctadireiodpaugling inghe reagitan mixterel ution to a
wat er/ ethyl acetate mxture. 5 Table 17.4. Rate of product formation on
reaction* of 1-iodo-3, 4-nethyl enedi oxybenzene with pi nacol borane at 80C in
whi ch the@@st, PdCl z(dppf).CH Cl,, was treated, prior to enploynent in

the reaction, wth triethylam ne and pi nacol borane. The concentrations are
Formation of N-[4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]acetamide

N -
25 B — NHCOCH;
\i\ O/ \\\ //

To 25 mg PdCl,(dppf).CH,C], in a reaction tube under nitrogen were added 4 ml dioxane,
0.43 ml (3 mmol) triethylamine, 0.47 ml (3.2 mmol) pinacolborane and 262 mg (1.0 mmol)
30 p-iodoacetanilide. The p-iodoacetanilide did not react with the pinacolbc;rane to liberate

hyvdrogen. The reaction solution was warmed to 80°C with stirring in an oil bath. After 1 h



expressed in area % (uncorrected for response factors) determ ned. Bqug 0
anal ysis of aliquots 10 of the reaction solution taken at sel ected react%gﬁ
times. 15 Reaction O~ O _O~O' O Tinme (h) ~~-O~~B\ / g ~-0\/ O~1

-O~\V /1 V1 1 o~ 1 =0.835174 21
.. NNNNN. NN, NN N . N NN NNNNNNNNNNNL . NNNN. NNN. NNNNNNL N L. NNNNN. 2NNNNNN. N. NNNN
NNNNN. L. N..L.LN...NNL.N...... H .NNN.TTTHNN. .N11.1. 2 1.4 4.5 45 48
........................ NI N. NNNNNNNNw. . . . N. .
.................. 1............N.................N....N......N N.....N
NN. ..... N N ....... N.N 31.9 5._%022 70

N.. N N ..... N, N~ ... . N .............
................................................ N..N...............N N
N ik solition had dairkenied aad ar aliqURf (0:3 mi)as rémOved fiqgn the reaction solution,
......... . . X . ot N
_________ extracted into diethyl ether, washed severall¥imes with water and analysed by ge (fid
......... detebsktar, SGEM TN apillaly: column). . Theid. was ddly one strong peak (of area.74.%of tatal. . . . .
N N N N NN UNL N.

"N N ek e incoriected for fesponise fatofs) i g gt 15 i ghovi LD o of

PdC =( bt tteesipdt dF1bSHoRitaRRs pifactPest. O ikalliPink rtdckish ' 0.23 mi
(1.1 mc*gg%%él ngcgﬁllgorg;r’le t?eat ed I%lor c%. 17 at §g}gfp Tﬁen lad%ﬁg%%??rg (1.05
mol ) 1- ifadieer 3, MatrB9CGythe apmiirant yiedhefaeheregiiredborotierapid dstef arcecasad ti §19%
reaction tqQ 80C. The reagt,ion s gquenched, at the selected reactjon tine by
addi t 1 on vialeqf of thepsstantide Anddheny ot Acibpingcs! §siSEReak aekan Weres b Vond

m xture. T t of triethylamne used to activate the catal yst may
be | ess t%ﬁ%”?ﬁ’aet%ﬂgésigd in the above reactions. Treatnent of 25.8 ngy

Pdd z(dppfJ.CHClI, in a reaction tube, under nitrogen, with 4 m di oxane

and 0.14 m ( 1 nmol) triethylam ne at 80C  for 40 h gave a redbrown

sol ut i h Thrgmpleymant pbmlargerfafess R PLacniRansia et ?Sa?n,ﬂab%&waﬁw has been
PdCl , (dppf): | Walot i) : 1)

pi nacol berhisd oul il gaf 8 piefRe ook ace Rt Rhininl dlled),uiind 1710

i odo- 3, 4 mmblhyflptmeediborapbenzene were added and the reaction sol uti on warnmed
to 80 C, with stirring, in an oil bath. An aliquot (ca. 0.2S m) of the
reaction solution was renoved at intervals, added to ethyl acetate/water
whi ch qu% he reaction and after washing the ethyl acetate solution
sever al th water, the solution was anal ysed by gc. The results, 5
gi ven i Foahhtionlot 64,4, i Teatmethyhi,3 2hdioxaboedi ps2-ylhenzaatideyat ed but not as
effectively as when nore triethylam ne was enpl oyed. The anount of

dehal ogenation of the substrate is considerably increased on using the
smal | er amobunt (near stoichionetric) of base d this is the nore
pronounced as the base becones de ed t hP formati on of E~N. H nearer
the end of the reaction. 10:R&¥Ie &t e pf-product formation on
reaction of 1-iodo-3, 4-nethyl enedi 6 /henze X/ith pi nacol borane at 80 Cin
whi ch the catal yst, PdC z(dppf).CH-Cl=, was activated, prior to enpl oynent
in thegeaction, with triethylamne (1 mol). The concentrations are
expressed in area % (uncorrected for response factors) determ ned by gc
anal ysi s Tof24a9 mguitdGl,(dpf). 6H,Qlbinragaastion mubtsoindtt nitrogakeercatdetsd sd dexkaniact i on
. . . - - N o PG
LIS sy B mimel) triedylamine, 6.6 24T minol) phiatolbotans and 243 ng (0.98%mmof} ~© ©

p-iodobenzamide. After flushing the reaction tube with argon, the mixture was warmed to

80°C with stirring for 5 h in an oil bath. An aliquot (0.3 ml) was removed from the reaction
25 solution, extracted into ethyl acetate, washed several times with water and analysed by gc

(fid detector, SGE HTS5 capillary column). The desired arylboronic acid pinacol ester was

formed; confirmed by gc/ms. The major side product was benzamide.

30
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i SOt copaound oo RSP GRASSABAR sty tongh -1,
60 16 2. 3refctibntof i furctichabgrdugs that are/ bl édfodf imtednoledhlatydroge® bdMNY, WhRE - 47
exanple 18 This exanpl e denonstrates that there is an inverse relatlonshlp
bet ween tPREAREWIEEt of base (triethylanine) used in the reaction and the
extent gof dehal ogenation of 1-iodo-3, 4net hyl enedi oxybenzene. It al so
denonstrates that the anount of pinacol borane required for 5 the conplete
react i on Bdrniatien af 4-Hybmlxi-3e(4¢ia5)5herraneesisy] 111852 dibxbbarqians2aylyplieaylaldhiheact ed

pi nacol borane was found at the conpletion of the reaction when 1.
equi val ents were used. Fornatlon ab
5-(4, 4,5, 5-Tetranet hyl - q?oxabb
~\ ooUTo 251 ng 1 dCh( 1SRN a reaction tube under nitrogen
were added 4 ml dioxane, 5J0.48 \(3/moi ) tri~ethylamne, 0.16 m ( 1. |
nmol ) ?lnacolborane and 256/nd)( | .03\l )

1-i 0dol®, 4 net hyl enedi oxybenzene. The reamH(®RA,)EQkHItIi on was warned to 80C,
With stirring, for 16 h in an oil bath. An aliquot (ca. 0.25 m) of the
reaction solution was renoved, extracted into ethyl acetate and washed
several tTapsswig Rum@ﬂlgﬁ) @HCIbini aneacsmhmﬁb'eamdendtragmi wéaedddad 4l fibikahe,
detector, SCGE HTS capillary colum gen evol ution was 20 observed on

the i ni ti%&f3 Bt maoldriethpiamines 85l @H (éérﬁame winagolharaps and 234 mg (9.9 mmed)
excess pi libarane ven

t hough on ?ﬁ%@Iignj vgﬁgﬁ gﬁﬁﬁgﬂgggﬁ&%ﬁg eS|hﬂ@H@EM&§g§;%gnzo g@ole (i

0 % of 1gahaeamcq:mat)s tavd deqetadacici pxﬁsdoﬁformfe gn direydubstrare dissaleedd Thé h%irog'eiile

dost red SIS RER endpreedh L dE r%ﬁ&?ﬁbﬁﬁmiﬁﬁaﬁnﬁnﬁs  FERBE WA TSR ¢ he
only 25 h I, ed, from
3.0yequiva eﬁ?g*?%“@?gﬁggﬁﬁ%a 8%??5 gﬁﬂﬂgﬁeﬂﬁ lnglstrpﬁh??%ﬁ&?gﬁhd was

1, 3- benz adamivalselulidm eXtradte ittty aasta) washbé sep)lem«mies mﬁx&rcxd:ﬁedﬂhﬁ&@l)bor oni c

aC|d (6 99 and the desired aryl boronjc acid pina est.er peak area 69 % .
water and neat water The ethyl acetate solution was analyse after dilutionin 1 :

| an-2-yl)-1, 3-benzodi oxole 10 \_ o a

20 water/acetonitrile, by hple/ms. The formation of the desired arylboronic acid pinacol ester
was confirmed by hplc/ms and on the basis of the negative ion mass spectrum, in which the
I' ion was not observed, (unlike in the case for the substrate 3-iodo-L-tyrosine), it is unlikely

that the analysis sample contained any 3-iodo-L-tyrosine.

25
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30 ~- 6 P1lAY zoos -48 Examel p a 19 Bases other than triethyl am §eMAY 2003
For mati on of
5-(4,4,5,5-Tetranet hyl -1, 3, 2-di oxaborol an-2-yi )-1, 3-benzodioxole 5 O\, 0 0
O (1) Quinuclidine 10 To 2S.7 ng PdCh(dppfj.CH ClZ and 111 ng (1.0 nmol ) of
qui nuclidine in a reaction tube under nitrogen were added 4 nml di oxane,
0.23 m (1.5 mmol) pinacol borane and % 7 nmg (1.0 nmol)

1- i odo- 3, 4- net hyl enedi oxybenzene. The browni sh reacti on sol uti on was war nmed
to 80Cwith stirring for 16 h in an oil bath. Analysis of the reaction

sol ution bé gc ai 15 descri bed above indicated that the main reaction was
dehal ogen 1, 3-benzodi oxol e (69 % of gc peak area). The formation of
the b NACOkorfialigh ofd- (4 ﬁmémmm 1802 iotBrSIgRbLy ifndoi¢hei@d the desiTed
aryl boroni c aci p|n ester ak’area was /y ncreasi ng the

qui nucl i di ne concentration to 3 nmol was hlghly detrinmental to product
formation. Found: 1, 3-benzodi oxaole. (98 %@of gc peak area); pinacol ester of
3, 4- et hyl enedi oxyphenyl bor oni aci ds than 2 % of peak area). (ii)
N-Met hyl pi peridine To 26.1 ngy va. ] ~ in a reaction tube under
nitrogen were added 4 nil di oxang, ( 1.0 mmol) of
N-net hypi peridine, 0.16 M fodc'l nnDI) pi nacol borane and 253 ng ( 1.02
nmoi ) 1-i odo- 3, 4- met hyl enedi oxybenzene. The red reaction solution was
warmed to 80C with stirring for 17 h in an oil bath. Analysis of the dark

duct
i Str but 1525 B RCLSRYORTI R segfibn o0 BEGY BaR b B RIASOAM BBIC L
phenyl bor @43mi(3 simlol) tPidthplaskire) .30 @di(2. 6dnaoly bbmtoltbbmaamdzmngl(nemhd%t er

(peak area 76 % ). Increasing.the N nethypiperidine concentration to nmol
had 1itt9 8- @ﬂ?‘éﬂzltl%ﬁc‘ér Jha&acmrsﬁqlvtw&twwnrr%ah@mnte@pﬁréw;rw wmeéhqtﬂw % of

k d
0o 5 “and Eitxgic aoid pVY pap e d i BeDbIBOGA. (PRE BiarenRNEINY WAL AJUEAEC
area 75 %out of the irdacforbtube wﬂhhpgqm et dmmer(oa, the enutxelainhwohlcﬁmfeedem@ﬁndar y

amne) 5 To 27.7 ng PdCh{dppf).CHzCl, in a reaction tube under nitro
wer e addedoltien tuneskigrsa orange pol@uﬁﬁA{terINagm%p)ii O vathatignngtor /B biipan o | ne

0.23 L ( phu? afiYRlor ﬁiy?ﬁﬁr?‘\bdg £B%ed fiéth BAaOh o), AMAER hulfUnl doethee

mml) 1-io0 enzene crinson reaction so |on
war med 19 aB0Grashddwisi diluté mgphmcaoxdcunkl tivanit Severdintihyswith ofter beforeamalyishig by

gc (fid detector, SGE HTS capillary column). No 3-iodobenzoic acid was found in the

solution indicating that the reaction had gone to completion. Only 3 peaks were observed in
the gc, other than the solvent, and these were shown by gc/ms to be due to benzoic acid and
the pinacol esters of phenylboronic acid and the desired carboxylated phenylboronic acid

20 which was present in highest concentration.

Example 8
Formation of 4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)benzoic acid

25 - /O\/\
HOZC —/_\—\\//B\O/l -

To 25.4 mg PdCl(dppf).CH,CI, in a reaction tube under nitrogen were added 4 ml dioxane,
0.43 m! (3 mmol) triethylamine, 0.37 ml (2.6 mmol) pinacolborane and 249 mg (1.0 mmol)
30 4-iodobenzoic acid. The reaction solution was stirred at room temp. to ensure that the

carboxylic acid group had reacted with pinacolborane, the colour of the solution changing



10 solution by gc, as described above, was carried out at intervals. %Sﬁ%Y 2003
Table 19.1 ). The reaction is fast and is conplete after 4 h reaction

The initial reaction rate with 1 mmol of 2, 6-di nethyl pi peridi ne as base
exceeds that found using 3 nmol of triethylanine (see Table 17.3; catal yst
not activated prior to reaction) and the final product distribution is
essentially the sane. This is not thé&3case if one conpares the reactions in
which either 1 15 mml of 2, 6-dinmethyl pi peridine or 1 mmmol of triethyl am ne
is used as base. As noted above, dehal ogenation in reactions using i mol

of triethy| @R insh. GRS HRIARS spma%mégefbrmkolameamemym@eﬂeva&edows to

1, 3-benzodi oxol e) and the desired product, the pinacol "ester of

3, 4net hyl| §ndetd @nygﬁbn ydabramotnb@wab axgons Adier yvaeam%toﬁo‘tﬁ‘ewkb atierg f2073Thin

| t 6- di,net h di d th
Feact | on. wrpil bpdett o] GreDoves sed 8 e ahtion sBpfibh eRirettpd ety o 5
hours ('segelAbhfi Wikshed wnmﬂufe%ﬁwhaﬁc maﬁéﬂmh Réerdl Rintels WHthOR4BY Deddre

activation may be initially enhanced using 2, 6di methyl pi peridine but excess
of thi s5bamdysalgsy god(fid ddtsctoh SGEHTSD p@lllalm@hhmmje Not4-wdobenzaicsacidrvedoni nant |y

duri th | t h t S5 Table 19.1. f oduct
For mat 1 onfosa el eeBRoR iieeligibe R efion Fatasie oS sumniior Uity pes e
pi nacol bogiBRedin §1Q(éc &ﬁér%&fﬁhe Pdi@i'ﬁ GRRhlesCHetd showd@Y&c/ms to be due to

2, 6-di met hyl pi peridine (1.0 nmol). The concentrations are expressed in area
% (uncor reanzeid abxdrandehmmml éstars of phenylboreniv avidiatl they desined cgrbozylated al | quot s

of the re ion solutjon faken at sel.ected reaction 30 times*. 6 MAY 2003
-50 5 Rea@l %’??06“19 ac“bVH‘CL&W?F?Pé"t%ﬁﬁes?@@e%m\m"f’-g \/ O~1 -0~~\1/0
I\ hpOU1 8.7 2 =70 20

......... Emmgg.--.:--.....................::::.:.:;.::::..ﬁ.,.n,.,..--;.....

............... n.............In...,.N.
........................... , 5'11.6 v6.4 =0 80 * The reacti on

tion time dd t t of
?’chﬁt’ﬁﬂcﬁ%?@ m@m@ﬁ, é?a?éqc‘uﬁé‘abgt@d Gpt w8 addag £ Gosshera, o of
product f@AIRIP Mo C){rr%é‘?ldnﬁﬁk 0f373ni (@ cB}Ho@diﬁQ(ih@M@ﬁ@Z(@% n%&l')
pi nacol borane at 80 ca st PdCh(dppf). Cl 2, base

2, 6-di a@t‘lfrwdprbmettdimezc(xcaa@drrﬁhﬁr)eactrpnéowmMrsanpéﬁsroaméexawpss&e@lthah area
% ( uncorr ¢ ct e

AR St R T AN e T LT
:?\eag[ { on Rafding ofer ca.OZ(QnH f@n{ dhmsonto an Bra‘ngé-bﬁ)v\'n éol@r? The hfRirogen dvolved \ /

was flushed out of the reaction tube with argon. After warming to 8§0°C with stirring for 73

h in an oil bath, an aliquot (0.3 ml) was removed from the reaction solution, extracted into

25 ethyl acetate and washed with dilute sulphuric acid and then several times with water before

analysing by gc (fid detector, SGE HTS capillary column). No 4-iodo-3-methylbenzoic acid

was found in the solution indicating that the reaction had gone to completion. Only 2 peaks

of peak area greater than ca. | % were observed in the gc, other than the solvent, and these

were shown by gc/ms to be due to 3-methylbenzoic acid and the pinacol ester of the desired

30 carboxylated phenylboronic acid which was present at highest concentration (peak area was

85 % of total peak areas).



18.9 1.3 69 20 -6 MAY 2003
.. L...

IIIIIIIIIIIIIIIZIIIIIIIIZIIIIIﬁﬁ;II1'13’.4ﬁiIIIIIIIIIZII'21"1'1"5"1"'25'-'-'ll5é"
IIIIIIIIIIIIIIIIIIIiIIIIIIIIIIIIIIII;IIIIIIIIIIIIIIIIIIIIIIIIIiIIIIIIIII;'sI
......... Exllo 5 10 5.6 18 66
"""" * This example dembonstrates the effect of a protrtoter on the rate of reaction ofa aryl bfo'mi'dé' T
C e mthplnacolbgr.ane ......................... 6 10 5 9 13 71 25 5

12 ' 6.1 2.2 78 * The reactlon was quenched at the selected reaction tine
by addition of the aliquot of reaction solution to a water/ethyl acetate

m Xtures Formafton bt & £afs 1805611, X AR aBorb6fnF-Peknid! | adi um catal ysts

Formati ©
s-(4,4,s,s-Tetranet hyl -1, 3, 2-di oxaborol an-2-yl ) -1, 3- benzodi oxol es O -
\_ oB~\ IJ_O,, O (i) PdC,[(PPh,(CH-)SPPhz], 10 To 24.7 ny

Pdd z[ (PPh~(CH~)sPPhz] in a reac R tub@-ufader nitrogen was added 4 nil
di oxane and 0.43 nml (3.0 mﬁzNy—-.rer' etty| ajyine. The miXxture was heated at
80C to give an orange col oured s® ion rth still contained solids,
presumabl y PdCh [(PPh (CH-) sPPh~) To this m'xture, at roomtenperature,

wer e added 0.23 ( 1.5 is nmol) pinacol borane (solution becanme brown but
still dBnfalhed Hd@xﬁdmﬁ) €H)Clainich rpagsiopguigelunder mtrogen were added 4 ml dioxane,

| -i odo- 3, Ien 0 n eacti on spl ution d to,80C
i t0or G Y SRR BERES R w8 2 SRS ipibacB ot BRd Y77 et B gnayn °og
descri bedy-BRptAniliNeS Tha Fatsh RitioatwadsRtifed ad rsomIep.fobh shoPtithe hnd ?ﬂaﬁ

reacti on was cwggl ete after s h reaction tine. The reaction solution was a

bri ght crilysbechwitharaan and wapraed o ctwibhstisring imeanxal pasty cAp glaumtef thepal| y
sol i ds p'[:ﬁ:ﬁ%w softl rt‘mf‘%‘%&'s'r@rgo\{eS ?P?h%?&@% teé‘ﬁﬁ(g fjacteeitéj ééﬁkgrs%gé SMH} am ne

salt. The anoun 'naco nrc aci ow with
PACh[ ( PPhwitater Bﬁhaﬂaly%sd bppalfidtdetans, $GETT$I‘SO¢’Hp)dla|r)aé(ﬁﬁmh)’l THCarhi@it bf .

desired product, identified by gc/ms, was 1.2 % based on peak area (uncorrected for

response factors). After 20.5 h reaction time, the amount of product had increased to 16 %.

When the reaction was carried out in the presence of 28 mg of p-iodoacetanilide, product

20 formation was appreciably faster. After 2.75 h reaction time, a sample was taken from the
yellow-brown reaction solution and prepared for gc analysis as above. The amount of
product in the sample, again uncorrected for response factors was, based on peak area, 26 %.
After 19 h reaction time the amount of this species had increased to 63 % of the total peak
areas and no p-bromoaniline was detected in the reaction solution . Aniline was the major

25 side product.

30



Tabl e 20.1. Rate of product formation on reaction of , - B MAY
| -i odo- 3, 4- net hyl enedi oxybenzene 2s wi th pinacol borane at 80C. The géﬁ’a?%
Pdd 2[ (PPh: (CH, ), PPh2] was heated with the base triethylanm ne (3.0 mmuol)
prior to reaction. The concentrations are expressed in area (uncorrected
for response factors) determ ned by gc analysis of aliquots of the reaction

solution taken at sel ected reaction tines*. - S r~a~r Zoo3 -52 5
Reaction Tine Op _ p p Q (rains) ~-3= g\ ~\/ O~1 -0~B\ [/ plI\
|l I o\~-5=00" 99 =1

...... N N N N L e D e e e
......... Example 1. . . e e
...... N R ey e npse e e AD V0.0 90 = 10
______ Rl algs i et S protigiet ot e e GRegS R ORM A HRRIORL . nHi
nnnnL. . HN#NABinabsBedananl . . 4H. . . Nn. Hi n. nnnnN. NH. .. .. n.Nn. 30 = 4.0 0 = 60 36
.. H nnnL. IHL. NnnN. . . . nnn/ n. . nH. . .. nHH. H. nnnnn. nnNnHhNHNN. . Hhnnnnn. HHN. ., Nn
nnl..... NHNn. Nnnn. .. ....... [1...... Nn. . nnnnl111Hnnnnnn.nnl....HH 60 5.2 0

3.5 86 300 9.3 2.4 0 = 88 10 * The reaction was quenched at the sel ected
reaction time by addition of the aliquot of reaction solution to a

wat er / é0 hlo 256 egRdCliipnf)€H,Cl{ inj g repriion-tplenrpgder) pijrogan Were addetl 4myl dioxane,

PdCl z( ( PGy, ) =} i tion t i dded 4 i d
0. 43 i (i By aRid 108 r U0 raeb piE R EEe Ririan SalltaBlets g ve
an |ime- 921‘9%% €00 RS Fp-flbithiedB. Wh fAcHd dolutRaWAIiesed &) 868 with SRHARD! ¥

PdCl =[ (PCy,)~] To this m xture, at roomtenperature, were added 0.23™m ( |
.5 mmol ) ipianaddiatho rAmaiguntiofale pate y¢llow eaptisl splution was removed after 1 h and 2h

1-i odo- 3, 4-net hyl enedi pxyhenzene. . The reacti on. sol.uti on S rimed .to 80 C
i th 20 SRR sRps At b wagipe te py SFER SRR Sitet R eGPty g,
as desgsihedh @IE ThHESquoRIWdre extedéteddhtol difiy? aetS, WAREd SvBlaBtiges #ith Af ter
the initial hour reaction Perlod, the reaction rate increased sharply and

1

t he reactWwaar andsinalysadriyiggl(fig detoetpt, SGE HI'6 eppiblarg chlvony. Thoambpuntiof thei on and

tivati f th tal yst 0 .the fjrst f heati
The 1 oact DU avaprm creates on 7 BnobeRbRahe S ot 1§ e fbur | cos

over the eationevaifinghed fter 58AGhieddnPREK hieg ucdrRlciéd for respdinke ficsy) ved at the
end of the reaction. Inportantly, the absence of phenyl groups on the

catal yst Yhorthepallobrgagtioniwas Rarisd autingbpprasAnaapeed Bg (P& npneldgol ester of
that p%tib&&%c%&nﬁﬁ?”%??ﬁ%ﬁ%@ggg ﬁo%ﬂgcﬁ'oﬁ!: o B8 dshie Sé%e?rwaglﬁ%zq)ﬁl.l ty 1n

the purrfircatiron o e pro oni ¢ aci ester n e case of
" one- pot "whetl fHel b tioe 86llificineas analysdd dften dtiasadtiva e thelreactiopdadbReadybi ar vyl

m xture. 30 L . . . ]
gone to completion, indicated by the absence of p-iodotoluene in the reaction solution.

Example 12

25 This example demonstrates that the rate of reaction of an aryl iodide with pinacolborane can

be enhanced by compounds other than an aryl iodide such as p-iodoacetanilide.

Formation of 4,4,5,5-Tetramethyl-2-phenyl-1,3,2-dioxaborolane

-/
- Ot



- 6 f SAY 2Q03 -53 Table 20.2. Rate of product formation on reacti-op 2003
1-i odo- 3, 4- net hyl enedi oxybenzene wi th pi nacol borane at 80C. The catalys¥
PdC 2[ (PCy, ) 2] was heated with the base triethylamne (3.0 nmol) prior to
reaction. The concentrations are expressed in area (uncorrected for

response factors) determ ned by ge analysis of aliquots of the reaction 5

solution taken at selected reaction times*. 10 15 Reaction Tine O~ , O
o(~) -\o~~\/ ~~\V/o~1-0~-B\NVNol\Il |l o~J600098" 1
....................... e e e 036 e
........... e e s ... 16 0 O 98
2

""""" 4 nﬂ ‘dioxane, 0.43 mi (3 mmol) tnefﬁytamme, 0.23 'ml (1.5 mmol) pmat:olboran«f:3 chgns?ongz '

ooy ... -the ﬁ:st6 ahquots and was gieen in colour.when the seventh aliquot was taken. Aﬁnal- EERERE
......................................... 210(3.5h v9.6 '0 =1.7 -89 300
S h 11 0 Higgt wasrmserr @%ﬁi?ﬁ@ﬁe%@n(ﬁl@@néﬁ’ééha‘#m% WeresXragted inte ethik dcstate,i me by

it ur 40 TRt Seled ) Rissitin B e ety &gt ReRo bR BT e 585 o
and 13 nocdlGmA)R nnDI) of bis(1, 2d|phenylphosph|no)ethane were placed in a

reaction tube under nitrogen together with 4 m of dioxane and 0.45 ml of
triethylam ne. The tube was heated in an oiI bath at 80C for 15.5 h and the

sol ution r edd; ' t 67 ng
(1. 05 2~ REBAGES: © theiatubn @ DO G ANIE e o QMR AGHREY REMGn O] D)
of pi nacodteee areept meﬁaﬁma&dmﬁlida' (27 wigg 0V18S rﬂdaamwaaad&d td theG4ctioAnti®tured h,
the reaction was co ete with 92 @6of the total peak areas due to the

desir edS pMé@tlomlutwnreraameiPAk yellos fos thegfiratrfanialimyots bupywes darl fer the. 35\
synthe5|s n#f;4 (4,4,5,5-Tetranet hyl -1, 3, 2- di oxabor ol an- 2

yI)phenyIﬁace SHi de H3COCHN ~ ~ B~ fron1p i odoacetanilide in the presence
of dinethyl sulfide using pinacol borane prepared

Reaction 3 The reaction procedure and quantities employed were again the same as in
20 Reaction 1 but to this reaction was also added acetanilide (67.7 mg, 0.50 mmol). The
reaction solution remained pale yellow for the first three aliquots but was dark for the

remainder.

The amount of the phenylboronic acid pinacol ester formed under the various reaction

25 conditions is shown in the table. The concentration of phenylboronic acid pinacol ester
given in the table is uncorrected for gc fid response factors or for the somewhat variable
amounts of the hydroxyboronpinacolate ester (identified by gc/ms) present in the solutions
analysed. For Reactions 2 and 3 the peak areas were corrected for the contribution made by
the additives and their reaction products to the total peak area.
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Formation of 2-(1,2-Dimethyl-1-propenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane

20

7S

0'7 o

25 To 24.7 mg PdCl,(dppf).CH,Cl, in a reaction tube under nitrogen were added 4 ml dioxane,

0.43 ml (3 mmol) triethylamine, 0.23 ml (1.5 mmol) pinacolborane, 28 mg (0.1 mmol) of p-

iodoacetanilide and 156 mg (1.05 mmol) 2-bromo-3-methylbut-2-ene. The reaction solution

was warmed to 80°C with stirring in an oil bath. The pale yellow solution darkened to a

yellow-brown after 19 h. An aliquot of the reaction solution was removed, extracted into

30 ethyl acetate, washed several times with water and analysed by gc (fid detector, SGE HT5

t he



This reaction denonstrates that it is not necessary to use glycol esters of
borane to carry 2s out the boronation of aryls and that the diester$ dfAY 2003
borane with nmonohydric al cohols are reagents for this reaction. 3() I
f'1~'"t 20@B -56 Synthesis of Diethyl 1, 3-benzodioxol-5-ylboronate /OEt B
CEt 5 To 25.2 ng of Pdd 2(dppfj.CHZC12 in a reaction tube under nitrogen
was added 4 nil dioxane and 0.45 m (3 mmol) triethylam ne. The sol ution was
heated at 80C for 18.5 h to activat e_ﬁ:_e catal yst. 10 A solution of

HB(OEt )2 was nmade by adding 0.19 nil ethanol in 2 nl dioxane to a sol ution
of 0.15 m of a 10 Msolution of BH.SMe2 in 2 ml dioxane with cooling to a
lr LE)H ? eﬁg%\zg&ﬂ%g{fco]éégsﬁ I&[}],g ggs?xlﬁa tp(c?cllx_cg_ ?e)éﬁgc% gyngc/}ng,e l?adsfgxlnggcf arh% v\(/)avsetII;Q ;n%f:)tr at
1-iodo- 3, 4. nedj . : i I d by
the. v ey Rt BN PREIEREER Rk U i@ Halished Rl Hd BANGRIOOHES,

bat h. The ipdicmedthat thé rdabtior led@one v swsplétoin] nmbrimo3emethplbub?-cae beinges of
sanpl es of the reaction spolution, and treating these with an ethyl acetate
sol uti on &undiipsheeaction salitipBicting 20 with 10 % brine sol ution. This

wor k- up gprocedure converted the aryl boron product species to its pinacol
ester) a convenient nolecule for gc identification. The reaction proceeds

qui t e rapEghmpletlde area of the gc peak of 1-iodo-3, 4-nethyl enedi oxybenzene
bei ng reduced rapjdly, being, about_. half of th? to'tP-‘aI peak areas after 1 h
8 Rataiye

reacti on tlhrexappisdemogsteaiesshe uie of 3 M ratherthan all the

| -iodo- 3, 4- net hyl enedi oxybenzene had been consunmed and the 25 major peak in
the gc was that of the pinacol ester of the product. 30
Formation of 5-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)-1,3-benzodioxole

10 0
A A _/=/\ 7
:/L o’B U—O
To 21.9 mg NiCl,(dppf) in a reaction tube under nitrogen were added 4 ml dioxane, 0.42 mi
15 (3 mmol) triethylamine, 0.22 ml (1.5 mmol) pinacolborane and 238 mg (0.96 mmol) 1-iodo-
3,4-methylenedioxybenzene. The green coloured reaction solution was warmed to 80°C
with stirring for 6 h in an oil bath. An aliquot (ca. 0.3 ml) of the reaction solution was
removed, extracted into diethyl ether and washed several times with water and analysed by
ge (fid detector, SGE HTS3 capiilary column). Besides a little 1,3-benzodioxole, the only
20 other product peak in the gc was that due to the desired arylboronic acid pinacol ester. NiCl,

(dppf) was also shown to catalyse the formation of the desired product in acetonitrile.

Example 15

This example demonstrates the use of Pd catalysts not carrying phosphine ligands.
25 1. Use of Pd(10 %) on charcoal

Formation of 2-(4-Methoxyphenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane

~0,
B —@— OCH3
/ 0

30



4,4,5 5-tetranmet hyl -1, 3, 2-di oxaboroi ane, to prepare organylboroni%
esters. 5 1-1o0do-3, 4-net hyl enedi oxybenzene was used as substrate to
denonstrate these reactions. The catal yst was activated (see bel ow)
Pdd 2[ dppfJ and the 1, 3, 2-di oxaborol ane species were prepared fromthe
appropriate diol and BH3. SMe2. The organyl boronic acid esters reaction
products, which were obtained in good to excellent yield, were identified
by gc/nms. A typical reaction is that described for the formation of the

oF °E. (4 prichia £ of PE1GlorlBteoling b3 B hindolf pabdBARUIGh = rideligmiBerc ™ °
4- phenyl - linderdritdogen akeos addedd mutediosane, 0. 4pmeBar athdiytrietyliniadaef 0,231 (D5

phenyl 1,2-ethanediol (1.7 mmi) with borane dimethylsulfide adduct (0.15
m, 1.5 miwngl) pimacqiborapg. Tdte reacyon selution wapwrmsd)ta 80 Unwith stiringgnanbilst in

di oxan e (¥ i trieth m ne
(4 5o B R aNot}ER 0 Dl phERacrichesoBR buds Feved att [n o BT 0° 1
g (10 mmoligto dfettlyl etheioand, washédyavenbtitmexwhk naenend dnalysad bp ke (fid SetéRACSGEN
solution was then placed in the reacti?n tubglcontaining t he borane ester.

The ni xt utdSg3RilIRERodHnR)o Besigensome aireler theanly Qtherpragics peak s therges(12 8hroved,

di ssol ved j LAl A1 tle. t di,ol, and. shaken
w tn 10 oo bR BER X AL GO BRIk BN Firbol e SRR 0™ e
mej or peakamglé of tieeiction sdlutioh dffer 7.5 reactivasinicindidated that thiepeakHaugrdivn @C/ NS
to be the desired product. -- 6 M~—~r 2003 -sa O her organyl boronic acid
est er s 49r &p&s elthpiotaligs psalntreasout e were: (i)
s-(4,s-dinmethyl -1, 3, 2-di oxaborol an-2-yl)-1, 3-benzodioxole O s |OO _ OCC
retention times 9.28 and 9.97 mins. 1O (iii)

S- (4, s- di pbgmitionlof 3 4%, SltetramltybD anthyliphehylP-1 Behdidathisotolage

\_o =
45 :/L o’B __/\_\_i//\_CH3

6 MIY 2003 -57 Exanple 23 Use of 1,3, 2-di oxaborol ane speci es, othqiéhgaﬁmm

Using the same reaction conditions and quantities as in the above example with p-

iodoanisole, p-iodotoluene was converted into the desired ester. After 2.5 h reaction time,

the peak in the gc due to the tolylboronic acid pinacol ester was 30 % of the total peak areas.
50

2. Use of Pd(Il)acetate

Formation of 5-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)-1,3-benzodioxole

55 \_o = Oj
Lo

~——

To 22 mg of Pd(Il)acetate in a reaction tube under nitrogen were added 4 ml dioxane, 260
60 mg (1.05 mmol) 1-iodo-3,4-methylenedioxybenzene, 0.44 mi (3.1 mmol) triethylamine and
0.22 ml (1.5 mmol) pinacolborane. The solution became black on addition of the

pinacolborane to the other reaction ingredients. The reaction solution was warmed to 80°C



O CsHs O/~ OCsHS Ois GCretention time 19.1 nmins. (iv) ‘%M;“{ 2003
s- [ 4- (nmet hoxynet hyl ) - 1, 3, 2- di oxabor ol an-2-yl ] -1, 3- benzodi oxoie 20 0 01 TB™
/ OO This material lost the diol readily during the water washing of the
gc sanple. The aliquot of 2 s the reaction solution used for the gc

anal ysis was therefore treated with a solution of pinacol in ethyl acetate
and then washed with water. The product was identified by gc/ns as the

pi nacol ester of the boronic acid GC40etention tine 10.6 mins. 30 - s
rva,Y Zoo3 -59 (v) 5-tetrahydro-3aH

cycl openta[ dJ[ 1, 3, 2] di oxaborol -2-yl -1, 3-benzodi oxole O5 GC retention tine
12. 1 m nswitks6asdlgtn 34 oil dathy ¥ diqudt @a.2.8ndXxelhe teadtich SNLRnGSastremBy&par e
organyl boronic acid esters. 10 In the reactions bel ow |

- i odo- 3, 4afigstlhandrrxraeind inshdishwl oler andarpshed seueral timeswitlr mater and analysed
o : A CHE A theeis of
Che. bor | ik (i fbr QGr A AR lunh " BEREELGHRE L3Wt o RIE RERHT ©

product s ahegprodienpedid i eheye (@8 A1 todd pédk)area) was that due to the desired arylboronic

5- (5, 5-di net hyl -1, 3, 2- di oxabori nan-2-yl)-1, 3-benzodioxole O /0 0 O
5 acid pinacol ester.

3 Use of a palladium catalyst with an arsine ligand. Reaction using a mixture of

bis(1,2-diphenylarsino)ethane and Pd(OAc),.

10 Formation of 5-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)-1,3-benzodioxole
ro
0
/
~O-F
(o)

8.1 mg of Pd(OAc), (0.036 mmol) and 16 mg (0.033 mmol) of bis(1,2-
diphenylarsino)ethane were placed in a reaction tube under nitrogen together with 4 ml of

dioxane and 0.45 m! of triethylamine. The tube was heated in an oil bath at 80°C for 15.5h

15

and the yellow solution became brown in colour. Then added at room temperature 262 mg

20 (1.06 mmol) of 1-iodo-3,4-methylenedioxybenzene and 0.22 ml (1.5 mmol) of
pinacolborane. The reaction mixture was then warmed to 80°C. After 3 h, 45 % of the total
peak areas was due to the desired product. This increased to 73 % after 24 h.

Example 16

25 One pot reaction to form an unsymmetrical biaryl.

Formation of 4-(1,3-Benzodioxol-5-yl)benzamide

0]
(= =



20 One mpjor peak, of retention tinme 11.5 mns, shown to be the desi
product, was found. (ii) bﬂ?ﬂw 2003
5-(4,4,6-trinethyl-1, 3, 2-di oxabori nan-2-yl)-1, 3-benzodi oxole 25 0 0 0 GC
retention time | 1.3 mns. 30 © ~ ~1AY 2003 -60 (iii)

5-(4,4,6,6-tetranet hyl -1, 3, 2-di oxabori nan-2-yl)-1, 3-benzodi oxole o° /0 a ~
~ 005 Cretention tine 11.6 mns. Exanple 25 10 Synt hesis of

or ganyl boroni ¢ acid nonoesters in whi4lhr the boron is also attached to a
nitrogen atom Synthesis of

2- (1, 3-benzodi oxol -5-yl)-3-nmet hyl -1, 3, 2- oxazaborolidine O 15 NNCs ;, O
The react iTor28nvag Pdet,(dppd).CHLCI fl@bk@‘ﬂllmgmbhendamag@ﬂWeMEd bedl didkaky; arrpl e
23 but using the am noal cohol, 2-net hill am noet hanol , instead of a diol. For

the gc anfi4pgnkGpnmabdnctisammg, &a3ed (16 mmel) pinagalb %re%qmde?ﬁ%m;(l.%mnme
ma { 4
maj or. pﬁag-lgéo-égf@s &gféﬂ%@%e&(&m ﬂé\%ﬁ%ﬁ;&@%&gﬂ gr%nmm § a@ “aih'

identifie nacol " ester

requi red aoapeil BsthifoE22H.0A8 ahquoi (0.31en) Wik remoded/ fremdhdiehction andlexgaddd @to
t owar ds hydrol ysis during the aqueous extraction and forns the boronic

acid. |A Ethel agstatgand ‘mshafaaréarabiun&wth Matepang analysed By ge (iddeteqior; BEEgC
anal ysi s. (4% &zxiﬁﬁﬁbj &)lt?mg)t.3 All the 1-iodo-3,4-methylenedioxybenzene had reacted to form the

boronic acid ester together with some 1,3-benzodioxole. After addition of 8 ml methanol

(which destroys the excess pinacolborane and thereby prevents the formation of symmetrical
biaryl), 1.07 g Cs2CO3 and 261 mg (1.06 mmol) 4-iodobenzamide, the solution was warmed

10 to 40 °C for 17 h. An aliquot (0.5 ml) was removed from the reaction solution and extracted
into ethyl acetate and washed several times with water and analysed by gc (fid detector, SGE
HTS capillary column). The required biaryl (identified by gc/ms) gave rise to the strongest
peak in the gc trace.

15 Example 17
This example demonstrates that palladium catalysts can be activated by treatment with a
base prior to their use in promoting the reaction of an organic halide with a dialkoxyborane.
In particular, the catalytic activity of PdCl,(dppf).CH,C], can be increased significantly,
especially the initial activity, by treatment, in the reaction solvent, with triethylamine prior to

20 the addition of the pinacolborane and substrate. Besides the rate enhancement observed in
the formation of the required product boronic acid ester (e.g. pinacol ester of 3,4-
methylenedioxyphenylboronic acid) there is a further advantage in the prior activation of the
catalyst in that the amount of bi-product formed in the reaction (viz. 1,3-benzodioxole
through dehalogenation of the substrate and the pinacol ester of phenylboronic acid in which

25 the phenyl groups are from the catalyst ligand) is significantly reduced.

Formation of 5-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)-1,3-benzodioxole

50 — A



The formation of arylboronic acid esters with the chiral diol { 1-§ MAY 2003
S, 2S,3R 55)-(+) pinanediol. A stock solution of the borane (

S, 2S,6R,8S5)-2,9,9-trinmethyl -3,5-dioxa-4 30 boratricyclo[6.1.1.0Z 6] decane
was synthesised fromthe diol ( 1.96 g; 11 .5 mol) and I .1 m of

BH3. SMeZ solution ( 11 mml) in 20 m di oxane. A stock solution of the
ca:alyst in - 6 MAY 2003 -61 dioxape_was nmade by heating 37~ ny

PdCh[ dppfJ. CH2Cl z with triethyl am ne ?g m) at 80C for 24 hin 68 n

di oxane. 5 nL of this brown soI ution whi ch contai ns about 25 ng of the

cat al yst 47 £t t am ne ) na.r I,0 ube

cont ai ni ngﬁq %‘PG @bﬁqqlgg%m{t% reac é’\réﬁbanl%idgergo%?%%s?@é4"%r#éw‘af?2 m
of the borade. @Qhk'@3'1ﬁiﬂol’)’%§etﬁ’ﬂﬁﬂﬂxeafl‘ﬂc bRk wadchicdt 8090 Breqheah ednt Rq80C
with stirring in a closed tube. The m xture was heated for 24 h although

t he react iastngeisnipsnsion PERAGL(dpph)-GH.Cludistolved 4o give aglatkoeddrowr aclution To nes

when the substrates earned de tlvatln ent n the | de was
A r o de PRSPPSO s Fram Amaeratukn e e 021 24 bl A Pt dfotans i Tane
removed il 82 néflolh) 1 i6RE3 h%tﬁ)}léﬂédﬁﬁ%é&eﬁ@ ”Igﬁrreéc'tlﬁﬁ%lhﬁoﬁ 0&s (&%ﬁﬁé n was,
not conplete, dissolved in some ethyl acetate and shaken 10 wi't % brine

sol ution. 8Af Cevlﬂthtlymmgfom thin R@Sfbbaﬂlt ﬂélegglumrs ramsanadradirk Tdebrosmdh icolour.
product s \8§1 zﬁ}ﬁl gte tgl i%g )te)&fﬂ?e rfac ion SoﬁlthI(I) lwlag \r/glrrx](g/eg héxrtrglcteg ntb @ er}?icc"t‘ﬁé ©

obt ai ned

2- [ (1S, 2SafRmstied sgv&alfiuﬁerslvnﬂlt\batkrémﬁnﬁhe@mnén B #alyiséd/ By BE P Fl'dldétccqgr 6] dec- 4
15 yl ] ben~. ~nitrile /o / ~o CN 20 The gc of the reaction Solution had only

one st ron@GIeHKS sepillsryeolwimng. Apart fromeassnsdiioamound obH b3 ehepzadioxdie (d%sifr ed
pr oduct

P Q& W udrmegted e perle2553) 294 pisrg) e ALANEbOrOBicAFId 3 °8) ihosondy s - 4
boratri Cy%&-&{u@t 1[%egt ro&%fe)z% ﬂ&oﬁ@&@d TWas thQ cg?-;"to ﬁr@d&ge@grylﬂ?)?org@ad i on

sol ution had only one ng peak at 15.9 m ns was shown"to 30 be due
to the descﬁqnhqookmttmt'fherc waﬁndi bﬂxéﬂth@ﬁBlaqaior(nanoy The rate of reaction of 1-

2,6-dineth 9-t t h
bor at Ir rgyéﬁ%%gi‘g"ihﬁ‘zw jouieng gr’s?l”]'lawll“ﬁ‘iro “f{feét %—éwﬁfé“’aﬁmﬁq cqplEstisact i on
sol ution haflcsdH MsPReTable’ 199 RBRKI S sHosahdtislie phbtheh foMRatiSHEM b Rdlgddue to

t he desired product.
15 still further by carrying out the reaction at 30°C.

Table 17.1. Rate of product formation on reaction* of 1-iodo-3,4-methylenedioxybenzene

with pinacolborane at 80°C in which the catalyst, PdCl,(dppf).CH,Cl, was activated, prior to

employment in the reaction, with triethylamine. The concentrations are expressed in area %
20 (uncorrected for response factors) determined by ge analysis of aliquots of the reaction

solution taken at selected reaction times.

Reaction 0
2 %y | <7 | eI
25 | Time =\ _d | =L B\ - B\/°
. \_/ /0O =\ 4/~ © /-0

(mins)

6 44 0.74 54 40

10 4.4 1.0 40 55

15 5.2 2.1 26 66
30 {20 i59 2.9 163 75




10 (iv) _ -5 1A 2003
(1S, 2S,6R 89)-2,9,9-trinethyl-4-(2,3,4-trimethoxyphenyl) -3, 5-di oxa-

boratricyclo[6.1.1.026] decane /o 15 H3cO O H3C0 OCH3 The gc of the reaction
solution had only one strong peak at 17.0 m ns which was shown to be due to

t he desired product.
(IS, 2S, 6R, 85~-4-( 2- net hoxyphenyl) - 2,
. 1. OZ~6] decane /O

boratricy

clo(6. |

20 (v)

3

9-tri et hyl -

3, 5-di oxa-4
~ ~ Boo OCH3 The gc of the reaction

solution had only one strong peak at 14.4 mns which was shown to be due to

t he desir pd--produgt-30 & MAY-—2003--H3{-¥}
(1S, 2S, GR%S) 2.9 9-7tr|metm294 (2- (tl’lf 912)romethvl) Benyl ] -3, 5-di oja-4
boratricy joo[6 1.1 Q)26] decaryezlo O . CF3ijpe gc of t 1§7react|on sol ytion
had only pme—strorg—peak—atr 24 TS e was—shomto-be—toe—to-t he
desi red pf¥duct i) (34 =
1S, 2S,6R Bf9) - 2, 9, 9517 | met hyl344 (2-met hyljgrenyl } - 3, 5- ge@xa- 4
boratr|%yq56r6.l.. %z G OeCaNE TO 15 0 1

180 5.7 3.5 0 91

*

Used 25.5 mg of PdCl,(dppf).CH,Cl, 4 ml dioxane, 0.43 ml (3.0 mmol) triethylamine

and warmed to 80°C for 16 h. Then added 0.23 ml (1.5 mmol) pinacolborane and 247 mg

(1.0 mmol) 1-iodo-3,4-methylenedioxybenzene at room temp. before warming the reaction

10 to 80°C. The reaction was quenched at the selected reaction time by addition of the aliquot

of reaction solution to a water/ethyl acetate mixture.

Table 17.2. Rate of product formation on reaction* of 1-iodo-3,4-methylenedioxybenzene

with pinacolborane at 30°C in which the catalyst, PdC1(dppf).CH,CI, was activated, prior to

15 employment in the reaction, with triethylamine. The concentrations are expressed in area %

(uncorrected for response factors) determined by gc analysis of aliquots of the reaction

solution taken at selected reaction times

Reaction O e) o
= ] )[O‘ o == o =
20 |Time®) | { y~o0 " \7 | 4 /_Z’ # '_e.—/_<,\/,—o
o

1 1.6 0 94 4.8
2 1.7 0 89 9.7
3 2 0 84 13.8
4 2 0 81 17
25 {7 2.3 0 71 26
28 4 0.6 27 68
71.5 4.2 1.9 0 94

*

Used 25 mg of PdCl,(dppf).CH,Cl, 4 m! dioxane, 0.43 ml (3.0 mmol) triethylamine

and warmed to 80°C for 16 h. Then added 0.23 ml (1.5 mmol) pinacolbgrane and 262 mg

30 (1.05 mmol) 1-iodo-3,4-methylenedioxybenzene at room temp. before warming the reaction

to 80°C. The reaction was quenched at the selected reaction time by addition of the aliquot



CH3 The gc of the reaction solution had only one strong peak at 135“,51&\{%003
whi ch was shown to be due to the desired product. 20 Exanple 27 Th d
formati on of arylboronic acid esters with the chiral diol (1

R 2R, 3S,SR) - (-) pinanediol. The borane

(1R 2R, 6S,8R)-2,9, 9-trinethyl -3, 5-di oxa-4-boratricyclo[6.].1.0z~6] decane
was 25 synthesised fromthe diol and .SMez and reacted with aryl halides
by the procedure described in Exanpl €"26. The reaction products were
identified by gc/ms. (i) 2-[( 1

R 2R, 6S.8R) -2, 9, 9-t nnet hyl - 3, 5- di oxa-4-boratricyclo[6.1.1. 026] dec-4

y! ] benzoniof Feapidon solutpnNpy wasgithyd acqtase gixrecN The gc of the reaction
solution had only one strong peak at 1%$.6 mres which was showmn to be due
to the desired product. (i)

(1R 2R, 6Sv3iRh-the éé{algatﬁa@ud;% CHITL i hered Wwith the Sminkit hvith the Bbrgg@- ~t 10
boratricyclo[6.1.1.0z6] decane /O I—f3(1) ~ ~ B\ O CH3 15 The gc of the
reaction ssenpriasrio heednadind seacsion, thenjtig) rpection sate ienbanded dodightingthassonghown t o

e e RSO A ey BB b ot pen
. 02" 6] decctalyktireodived nBPretreatment. Catalyst presumably unactivated by the pretreatment with
triethylamine and pinacolborane appears to be more resistant to activation during the
progress of the boronation reaction. This can be seen by comparison ef Tables 17.3 and
17.4. In Table 17.3. the catalyst was not activated prior to use and the reaction rate over the
10 first 1 to 2 hours is siow. In Table 17.4, the catalyst was treated with both triethylamine and
pinacolborane prior to use in the reaction and the initial reaction rate is enhanced but the
overall reaction is slower than that shown in Table 17.3. The prior treatment of the catalyst
with triethylamine and pinacolborane does, however, improve the yield of product by
reducing dehalogenation.
15
Table 17.3. Rate of product formation on reaction* of 1-iodo-3,4-methylenedioxybenzene
with pinacolborane at 80°C in which the catalyst, PdCl,(dppf).CH,Cl, was not activated,
prior to employment in the reaction, with triethylamine. The concentrations are expressed in
area % (uncorrected for response factors) determined by gc analysis of aliquots of the

20 reaction solution taken at selected reaction times.

Reaction 0O _o, _ 0 o)
Time (h) —\_Z él\ B\ 7 T\ i O'B _/=<_2
\_7 [~0 =\ _/~° o ./
1 1.1 0.75 £04 4.5
25 {2 22 3.7 73 20
3 9.1 6.7 13 70
4 11.4 6.5 0 80
5 12.4 6.7 0 78
6 12 6.5 10 79




I'H C(J N\ OQGCH3 '7 $ The gc of the reaction solution had only-gngay 03
strong peak at 1%$.$ mires which was shown to be due to the desired produ%Q.
30 - 6 MAY 2003 -65 (iv)

(1R 2R 6S,8R)-2,9,9-trinethyl-4-(2,3,4-trimet hoxyphenyl) -3, 5-di oxa-4
boratricyclo[6.1.1.02~6)decane H3CO \ / 8~ 5 0 N3CO OCH3 The gc of the
reaction solution had only one strong peak at 17.0 m ns which was shown to
be due to the desired product. 10 (W4X- 1

R, 2R, 6S, 8R) - 4- ( 2- met hoxyphenyl )-2,9,9-tri met hyl - 3, 5-di oxa-4
boratricyclo[6.1.1.0z' 6] decane /o 15 0 OCHg The gc of the reaction solution

had only &ne stUsed@7pead FAC],IdppH.CHAE, il dioxues 0stIani(3t0ombe])dHethyamime
desi red product, [

20 1
R 2R 65, BRIz 15t metainsyp bacine and 263 w6l BHEwRN JendA - 3, 5- di oxa- 4
boratri Cyﬂe‘ﬂxﬂl&eﬁio@ty%}p&e. HRE P brPwEs c?urénched at the selected reaction time by

addition of the aliquot of reaction solution to a water/ethyl acetate mixture,

Table 17.4. Rate of product formation on reaction* of 1-iodo-3,4-methylenedioxybenzene
with pinacolborane at 80°C in which the catalyst, PdCl,(dppf).CH,C!, was treated, prior to
employment in the reaction, with triethylamine and pinacolborane. The concentrations are
expressed in area % (uncorrected for response factors) determined by ge analysis of aliquots

10 of the reaction solution taken at selected reaction times.

Reaction O 6] o)
= ] %Q = iy o ,~ 1
' \_ - B -
Time (h) o) W/, '—Q—O a: B—/--_< \ /©

\_/ ) 1o

1 0.8 3.5 74 21
15 |2 1.4 45 45 48
3 1.9 5.5 22 70
4 2.4 6.0 7.5 84
5 2.8 6.3 0 101
6 2.8 6.3 0 f91

20 * Used 27 mg of PdCl,(dppf).CH,Cl, 4 m! dioxane, 0.43 ml-(3.0 mmol) triethylamine,
0.23 ml (1.1 mmol) pinacolborane heated for ca. 17 at 80°C. Then added 262 mg (1.05
mmol) 1-iodo-3,4-methylenedioxybenzene at room temp. before warming reaction to 80°C.
The reaction was quenched at the selected reaction time by addition of the aliquot of reaction
solution to a water/ethyl acetate mixture.

25
The amount of triethylamine used to activate the catalyst may be less than that used in the
above reactions. Treatment of 25.8 mg PdCl,(dppf).CH,Cl, in a reaction tube, under
nitrogen, with 4 ml dioxane and 0.14 m! (1 mmol) triethylamine at 80°C for 40 h gave a red-
brown solution that still contained undissolved material, presumably PdCL(dppf).CH,CL,.

30 After cooling to room temp., 0.23 ml (1.5 mmol) pinacolborane and 267 mg (1.08 mmol) 1-



CF3 The gc of the reaction solution had only one strong peak at 12-4 tﬂm@gow
whi ch was shown to be due to the desired product. 30 - 0~~~i;" 003 -6
(vii) (1R 2R 6S,8R)-2,9,9-trinethyl-4-(2-nmet hyl phenyl) -3, 5-di oxa-4
boratricyclo[6.1.1.0 Z b~decane /o 0O CH3 The gc of the reaction solution

had only one strong peak at 13.S mins which was shown to be due to the
desired product. 10 Exanple 28 Forna_t‘gp,n of the hydroxyphenyl bororuc acid
pi nacol esters using catal yst (PdC z[dppfJ. CHZCl z) that had been activated

by heating with triethylam ne in dioxane prior to use in the reactions. 15
Formation.of 2-(4,4,5 5-tefranethyl - , 2-di oxahor ol an- 2- vyl engl OH ~O B~
0 20" 27 it S s TeBtRS s a4 b R b oo B B s

ni trogen LQ@ediBhe, M iloifbath. AnAKaR& END. 5 h ofthelreiRibh ¥oIRbA Kras fiSovTl 3f Ur €

was heated at 80C for i 7 h to give a brownish solution. To this solution
was then intcvelso@ideditp gthyl aotatatvester vaficipquepelndithresiactioncing aftervast@ngrthamol )

BOC and wElo] BFRRY SR e oM SR Ry st et 25

sol uti ons giRh§n PARE Y 8 JinBitate@dd kit atilystvasladiivaet bhh@traeaﬁ‘éétﬁzep%'wﬁehon
di ssolved in ethyl acetate containing sonme c&l nacol wth acidified water and

t hen wi t hntoré trietiylanioe yvaseniplgyéde dlhemannt of dehalegenatiom of thesublstsierisd pr oduct
peak in the s.of area % 74, The reactign was.conplete after 6 h with
Very 1ittF Y i56rea7 on5ing Uy sl S0y ngat s igkiomigsric) of base and this i

the more pronounced as the base becomes depleted through formation of Et,N.HI nearer the

§

end of the reaction.

10
Table 17.5. Rate of product formation on reaction of 1-iodo-3,4-methylenedioxybenzene
with pinacolborane at 80°C in which the catalyst, PdCl,(dppf).CH,Cl, was activated, prior to
employment in the reaction, with triethylamine (1 mmol). The concentrations are expressed
in area % (uncorrected for response factors) determined by gc analysis of aliquots of the

15 reaction solution taken at selected reaction times¥*.

Reaction o _0, — O 0
Time C/>—2 % O'B " i \_ / -0 io'.a —/\\_=_/§~2
(mins) \_/ J-0
20 {5.5 i1.6 0 93 4.3
10 2.6 {0 84 11
15 3.7 i0 73 19
20 3.3 0 64 29
25 45 i 53 38
25 |30 5.5 1.8 46 44
40 7.2 i22 33 54
50 in 2.3 17 62
60 i16 i23 6.2 (67
80 i1g 2.5 ) 75
30 |240 i 19 23 {0 70




- 6 MAY ? ~~;s - 67 Formation of -
3-(4,4,5, ~-tetranet hyl -1, 3, 2-di oxabor ol an- 2-yl ) phenol HO BO O 5 Theﬁdﬁﬁbéﬂwi
reaction procedure used for 2-iodophenol was followed. The reaction was
faster, being conplete before the first sanple for gc anal ysis was

wi thdrawn after 1 h SO mn reaction tinme. The anount of phenyl boronic acid
pi nacol ester was higher than in the 2i odophenol reaction (around 7 %. 10
Formation of 4-(4,4,5,5-tetranethyl-1, 3, 2-di oxaborol an-2-yl)phenol O HO/ \
B~ 15 The above reaction procedure used for 2-iodophenol was followed. The
reaction was al so faster, being agai nggonplete before the first sanple for
gc analysis was withdrawn after 1 h 50 mn reaction tinme. The anount of
phenyl boroni ¢ aci d pi nacol ester was about that found 20 in the
3-iodopheQ§! éﬁaﬁéion. The reaction in which 4-bronophenol is used as
substrate T r but does go to conpletion. Pinacol borane prepared in
situ firorTHi$xatipleddmonStatéd giet taetd ucin aberboremiionsipmbetween e anssdd: ¥¥iBale bot h
t he 4-bronophenol and 4-i odophenol. |~xanple 2~ 25 Reaction of an aryl

al dehyde t(&ieiwamineduspdindhe eeagégriandgheextert of dehalagenaion of 1-iodo-3,4-

3,4-di neth -5-(4 4. 5 5-telr t byl - - di rel an-2: vl ) benzal dehyde
Chen oo Toatehgiipdbetiashe. SRR S At L gwgégg,g @R%ﬁgéﬁ’%‘ﬁ T
placed i9 the énstéte MActioOSr tHOBIGT hadlide c@pBeless WHard ld @quidalthtsd Untedeeedand 0. 45
triethyiamne. The m xture was heated at 80C for 19 h to give a brownish
sol uti on. pingcelhprane wisifound atihe cemplstionielcthe agtigngwhen Iz1 egwivalents wercetsedr ane
and 393 ng (1.35 nmmol ) of 3-iodo-4,5-di net hoxybenzal dehyde. The reaction

m xture was 5 heated with stirring to 80C and was anal ysed by gc after 16.5
h and t he FnAsMRicT sLES, 5-Teednéityldgs Dalioxkberolaas¥l)-a[B-vatogionpleet € and the
product distribution, as gauged %y gc peak areas, was desired product 89 %
dehal ogenat ed species 7 %, starting iodide 1 % and phenyl boronic acid

pi nacol , ester 2 % 0
16 \_o -/=/\ 7
:l B \\ /;—'O

[~

To 25.1 mg PdCl,(dppf).CH,Cl, in a reaction tube under nitrogen were added 4 ml dioxane,

15 0.42 ml (3 mmol) triethylamine, 0.16 mi (1.1 mmol) pinacolborane and 256 mg (1.03 mmol)
1-iodo-3,4-methylenedioxybenzene. The reaction solution was warmed to 80°C, with
stirring, for 16 h in an oil bath. An aliquot (ca. 0.25 ml) of the reaction solution was
removed, extracted into ethyl acetate and washed several times with water and brine solution
and analysed by gc (fid detector, SGE HTS5 capillary column). Hydrogen evolution was

20 observed on the initial contact of the reaction sample with water, indicative that excess
pinacolborane was present at the completion of the reaction even though only 1.1
equivalents had been used. Besides the 1,3-benzodioxole (10 % of gc peak area) and pinacol
ester of phenylboronic acid (7 %), the only other product peak in the gc (area of 81 %) was
that due to the desired arylboronic acid pinacol ester. In a paralle] reaction in which the only

25 change was a reduction in the amount of triethylamine used, from 3.0 equivalents to 1.0
equivalents, the product distribution found was 1,3-benzodioxole (23 % of gc peak area), the
pinacol ester of phenylboronic acid (6 %) and the desired arylboronic acid pinacol ester

(peak area 69 %).

30



10 Exanpl e 30 Formati on of the carbet hoxyphenyl boroni c acid pinacg] eﬁ}‘ﬁ@?‘
usi ng catal yst (PdCl Z[ dppfJ. CH2Cl z) that had been activated by heétp i R
triethylamne in dioxane prior to use in the reactions. 15 Formation of
ethyl 2-(4,4,5,5-tetranethyl -1, 3, 2-di oxabor ol an- 2-yl ) benzoate COZEt Oi O
20 25.5 ng of PdCd 2[ dppf~. CH2Cl z was placed in a reaction tube under
nitrogen and added 4 nil dioxane and 0.45 m triethylam ne. The m xture was
heated at 80C for 23 h to give a browsh solution. To this solution was

t hen added 286 ng (1.04 mml) of ethyl 2iodobenzoate and 0.23 m ( 1.6
mol ) pi nacol borane. The reaction m xture was heated with stirring to 80C
for 16.5 lExanglé En anal ysed by gc and the products identified by gc/nms. 25
The gc sol utions were prepared by washing an aliquot of the reaction

sol ution d?aé%‘i"f}%‘c}h%mém Btetate with water and dried. The reaction was
finished, the desired product peak in the gc had an area of 84% w th the
only other significant peak being that due to the dehal ogenati on product,
et hyl benzBatmation 885-¢9,4,536Tetrafnethyl A3, 20X ab@idlafe?-yidl j3ebenaddiokdiy |
3-(4,4,5,5-tetranet hyl -1, 3, 2- di oxaborol an- 2-yl ) benzoate Et Oz O The above

reacti ons procedure used for ethyl 2-iodobenz was followed. The reaction
was finished, the desired product\_p,@k in e gc/ had an area of 79% w th
dye

the only other significant peak I ngnt hAt _@o t he dehal ogenati on
product, ethyl Benzoate ( 16 % —3Q orrrw of ethyl
4-(4,4,5,5-tetramet hyl - 1, 3, 2- di oxabor ol an-2Z-yl ) benzoate o EtQ2C ~ ~ B~ O 15

The reaction procedure used for ethyl 2-iodobenzoate wds followed. After 80

rains. reastiom,ti . the yield of product, by gc, was 44 % and the
reaction S co@%’?dg?%m\%\hen anal ysed a8er 24 h. Exanple 31 20 Reaction of a

phenol Mith a trialkyl borate prior to its reaction wwth an HB(OR)z type
species so that less of this reagent is required tqQ formthe borate ester

h
of the phdads.’ ma PaakidpeiGHLCli #it Hilame (b pieol) afaReisliginedn e geaction tube

f o ed > ; . i
or bauot | LG i fech SR Altedl o) GEE AN S giflolt EnioMoredt ARy R '
initial reaagél) dodd-3 a-rhdthydédedloxhbenat. i TheMtbwhiell readtior] h&ion| WasrwafHed &l ent s

of the borane 25 reagent is. required for this reaction to proceed to
conpl et i oR9° Eavithestirrang for 16 h in an oil bath. Analysis of the reaction solution by gc as

4-(4, 4, B aéécﬁBE@%R'QYAdiéa’te%’ tﬁét%@é%%gtﬁﬂ'vga%ﬁkﬂzﬁgfeﬂ%on to 1,3-benzodioxole
(69 % of gc peak area). The formation of the pinacol ester of phenylboronic acid was small
(0.7 %) and the desired arylboronic acid pinacol ester peak area was 25 % . Increasing the
quinuclidine concentration to 3 mmol was highly detrimental to product formation. Found:
1,3-benzodioxole (98 % of gc peak area); pinacol ester of 3,4-methylenedioxyphenylboronic
20 acid (less than 2 % of peak area).

(1)  N-Methylpiperidine

To 26.1 mg PdCl,(dppf).CH,Cl, in a reaction tube under nitrogen were added 4 ml dioxane,
25 0.12 ml (1.0 mmol) of N-methypiperidine, 0.16 ml (1.1 mmol) pinacolborane and 253 mg
(1.02 mmol) 1-iodo-3,4-methylenedioxybenzene. The red reaction solution was warmed to
80°C with stirring for 17 h in an oil bath. Analysis of the dark green reaction solution by gc
as described above gave the reaction product distribution: 1,3-benzodioxole (16 % of gc
peak area); the pinacol ester of phenylboronic acid (7 %) and the desired arylboronic acid
30 pinacol ester (peak area 76 % ). Increasing the N-methypiperidine concentration to 3 mmol

had little effect on product distribution. Found: 1,3-benzodioxole (17 % of g peak area);



O30 HOO ~ 6 M-—~Y ?2.003 -70 440 ng (2 nmol) of p-i odophenol mere_BI@g?d 3
in a Schlenk flask with 10 m of dry benzene and 0.17 m of triethy a@@
( 1 nunol). The solution was heated for 1.5 h under an inert atnosphere
(argon) at 80 C and then the benzene and et hanol formed were distilled off
the product after raising the oil bath tenperature to 100 C. To the liquid
in the Schlenk was 5 then added 10 ml of activated catal yst

(Pdd 2[ dppf J. CH2Cl z) sol ution, prepared as described in Exanple 26,

followed by 0.35 M (2.4 mmol ) of pinacol borane. No firothing indicating H2
evol ution, which would suggest free enol groups, was observed. The
reaction solution was then heated at ‘80C for 7.5 h before renoval of an

al i quot for gc analysis. This sanple was washed in ethyl acetate with 10 %
brine as descri bed el sewhere. X two peaks were 10 gbserved in the gc

with ret ébﬁﬁwoi?%qféhﬁ‘éﬁb%%ﬁa% (% ¥ ead thepmacakester 063 desponded to

phenyl bo 7.5 %9 and with the desired
pr oduct E:I%m e’%ﬁ&?ﬁ%ﬂ 92@93;)3%34}0%1{(%3%&?@%‘7?8%?5% 1S 2-( 1,2-Dinethyl- |
-propenyl )-4,4,5, 5-tetranet hyl - 3 2- di oxaborolane ~B,. 01 0 20 In a

reaction tube_under nitrogen, e of PdC 2(dppf)CHzCI 2 (22 ng; 0.027
mol ) anttiy r i 3,16@%%?‘(@%3&"“021 %“ﬁﬁﬁﬁc‘?ﬂ day amiisd (4 ni; dried over

4A si e\ges) was seal ed and stirred at 80C overni ght (18h). After cool | ng to
roomténperature, 1.29M HB(pin) in dioxane ( I .00 m; 1.29 nmol) and

2- br ono- ‘Be 2@ 17Tty PACHdpEN €H.C, iBa feab@n b8 éRdermittogenevete dfdedd dgdliansle! he
reactlon m xture was stirred at 80 GC anal gsis after 24 hours showed a

new peakO-d¢ ng (b0 mmob e£2 ml@ﬁthmeﬂé@qt 0.23 ed (by WIWU&QOIE’W@@@SMSQG bor at e
d, ;39 .
corrp%lu Pre%%uﬁm’g af‘gl%lfw%‘ggl @ X {nm or]li%a qu'fé gﬁ@i]ﬁfrge)% abd r e Znil FEBOR(1H, 3H) - pyr

i midi nedte@ﬂﬁ:r@oﬁtﬁnlwﬂs%eﬂoﬂma \Ntlﬁt@lﬁg ixDaddsu sam eAﬁalyﬂﬁl ofﬂx@@cd&ﬁéﬁr
nitrogen, a_m xture of PdCh(dppf)CH, Ch ( 22gg i)
triet H)I sphutien tycecass dascriteds O‘fﬁ;rﬂ'ﬁ) carpiedpuhay iicryals |6§Pe T@bieelé ldvg'lhe4~ si eves)

was seal I ling,to
oo ¢ arfeas @ity Bis 418 ¢ AholE afiePY B0 uner T AT aciifh WL WA R

5-i odo- lof3,didiméthytbipeadiné aq Ba38 exapedth&S fouiidwking Banmobsiitigthilathihd @eé €act i on
m xture was stirred at 80' C. GC analysis after 8 hours showed_ the 15

desi red H¥Mead &3 cestadnet astivated priofite [ﬁaégon)méﬂw fanagproduct distribution is

essentially the same. This is not the case if one compares the reactions in which either 1

15 mmol of 2,6-dimethylpiperidine or 1 mmol of triethylamine is used as base. As noted above,
dehalogenation in reactions using 1 mmol of triethylamine is considerable (23 % of peak
area in the gc is due to 1,3-benzodioxole) and the desired product, the pinacol ester of 3,4-

methylenedioxyphenylboronic acid is only 69 % of peak area.

20 The results are different when 3 mmol of 2,6-dimethylpiperidine is used in the reaction. The
reaction rate is reduced, especially after the first 1 to 2 hours (see Table 19.2). The results
suggest that in situ catalyst activation may be initially enhanced using 2,6-
dimethylpiperidine but excess of this base also retards the reaction. Dehalogenation occurs
predominantly during the earlier part of the reaction.

25
Table 19.1. Rate of product formation on reaction of 1-iodo-3,4-methylenedioxybenzene
with pinacolborane at 80°C, catalyst PdCl,(dppf).CH,Cl, base 2,6-dimethylpiperidine (1.0
mmol). The concentrations are expressed in area % (uncorrected for response factors)
determined by gc analysis of aliquots of the reaction solution taken at selected reaction

30 times*.



2-( 1,2-Dinethyl-1-propenyl)-4,4,5 5-tetranet hyl -1, 3, 2-di oxaborol an é&w_
~8~0 O 25 In a reaction tube under nitrogen, a m xture of Pdd z(dppfa% CI2003
(21 ng; 0.026 nmmol ), triethylamne (0.36 m; 2.58 mol),

2- br ono- 3- et hyl - 2- butene (132 ng; 0.886 mmol ), 1.29M HB(pin) in di oxane
{1.00 mM; 1.29 mmol) and N-nethyl acetam de (39 ng; 0.53 nmmmol) in dioxane (4
m; dried over 4A sieves) was sealed and stirred at 80'C. GC anal ysis after
24 hours showed formation of the desired al kenyl borate conpound whi ch was
also 30 identified by GO/ M. 6 M—~Y 20J3 -72 Exanmvle 35

4,4,5,5-Tetranmet hyl -2-(1, 2, 2-tri phenyg vi nyl )-1, 3, 2-di oxaborol ane Ph Ph O 5
Ph B~ Oln a reaction cube under nitrogen, a m xture of Pdd 2(dppfJCH2C12
(21 ng; O. 026 rrm)l) and | Otriethylarn'ne (0 36 m; 2.58 rrm)l) i n di oxane

(4 mM; ditfedoverr4—steveprwas seatedyand DLIII Hat—86-C—overntght
(18h). AY\‘@F“@B)OI i ng opm\{_emper , 1.29 in |n dio nﬁ 1. 00
m; 1. 29|rmm ( p&k e@e e ( e| added
and the 'eactlz) \xt s sQrr at | 80-¢. Qm I '6 al ey ™% hours
showed a| new pealq at 16 9 |m nutes whi chjwas TUOenti fifed/ by M5 as | he
desired pl kenyl bqrate 1 S orrpound. Exagpl e 36 Et hyI

(~-3-(4, - - | OOs In
a reactipn tube dgaer nitriagen, a mxtuzgoof PdCI 2((;1%1 2 ; 0.027
Mol ) anfeBogfujogbdpyplogii @GS Gty POy d'ro-xane-(d-m wglr | ed
over 4~ B eves) w84 seal eddahd stirred p4280C overniéht (18h). Aftdr
cooling [k roomtgrgperaturgzl 29M HB(p fg indi oxamg—;( Il .00 m; 1} .29
mol )  angdwetfyteegrigeduioedacryt-atef 8y O G5t ot e e -adedd and
the reactd.on. m.xtdté was SGY.red.at 80 193G anal.ysi80after 24 hourls showed
the desifsed borate)gonpoung at 8.4 mnuiges. GC/ M5 fogmd | MEL] +. 3 S

raAY QDOS TSTHERHHIOR wit quedehed B (hE SBNED 1DALrich: MHEDY hdditior 6 (HE HiquoroP! ane

reaction solution to a water/ethyl acetate mixture.

10
Table 19.2. Rate of product formation on reaction of 1-iodo-3,4-methylenedioxybenzene
with pinacolborane at 80°C, catalyst PdCl,(dppf).CH,Cl, base 2,6-dimethylpiperidine (3.0
mmol). The concentrations are expressed in area % (uncorrected for response factors)

determined by gc analysis of aliquots of the reaction solution taken at selected reaction

15 times*.
Reaction 0 0 0
. = 7 )[ Ca ™ — O = y
1 £8.9 1.3 69 £20
20 |2 9.2 2.8 49 38
3 9.6 3.5 33 53
4 11 5.1 25 58
5 10 :5.6 18 66
6 10 £5.9 i 13 71
25 |25.5 {12 f6.1 22 :78
* The reaction was quenched at the selected reaction time by addition of the aliquot of

reaction solution to a water/ethyl acetate mixture.



In a reaction tube under nitrogen, a mxture of PdCd 2(dpp~CH2C12. #f%hgg?
0.028 mml) and triethylamne (0.36 m; 2.58 mml) in dioxane (4 @H
over 4~~sieves) was sealed and stirred at 80C overnight ( 18h). After
cooling to roomtenperature, 1.29M HB(pin) in 10 dioxane (1.00 m; 1.29
mmol ) and phenyl trifluoronethanesul fonate (197 ng; 0.871 nmol) were added
and the reaction mxture was stirred at 80 C. GC analysis after 4 days
showed a new peak at 7.4 minutes which was identified by GO M as the
desi red phenyl borate conpound. 15 Exanple 38
5-(4,4,5,5-Tetranet hyl -1, 3, 2- di oxabosplan-2-yl )-1, 3-benzodi oxole o O 20 O
In a reaction tube under nitrogen, a m xture of Pdd 2(dppf)CHzCl z (22 ny;
0.027 mml) and triethylanmine (0.36 m; 2.58 nmol) in dioxane (4 m; dried
over 4~ si s sealed and stirred at 80" C overnight (18h). After
cool i ng §%£$§§%¥¥2nperature HB(pin) (0.18 m; 1.24 25 mmol),
1- i odo- 3 Otherdtatiytiiemediadyydenzene (216 ngy; O. 871 mml ) and N-net hyl acet am de
(39 ng; 0.56 mmol) were added and the reaction m xture was stirred at 80C.
GC anal ysis after 30 m nutes showed a new peals at 11.1 minutes (51 %
whi ch wasz t r nd. 30 6
VAY 200 3%@*2&% {:{] 53?4 @%gcﬁtﬁﬁleﬁﬁ'l 112 4R3hB G2 H1aR 2195 HehzGRGRIY
4- et héxy- 3- (4, 4, 5, 5- tetranethyl 1,3, 2- dlq:zég;olan 2-yl )benzoate 5 In a

I

reacti on tube under nltrogen Xt ur 2(dppf)CHzCl Z (24 ngy; 0.029
mmol ) and 10 triethylam ne ( n% 58
ti re 80

) in dioxane (4 m; dried
over 4~ sieves) was sealed a C overnight (18h). After

cooling to roomtenperature, 8 m; 1.24 mmol) and et hyl
3-io0do- 4- nethoxybenzoate (266 ng, 0 869 mmol ) were added and the reaction
m xture was stirred at GC anal ysis after 3 days showed a new peak at

14. 6 ninlil es MQEKPW&QCHQB@RMH ed by GC/MS as the desired aryl borate
conpoygd. 15 4,4,5,5-Tetranmethyl -2-(2-thienyl}-1, 3, 2-di oxaborol ane 8,0 20 S
1

To 24.7 mg PACL[(PPh,(CH,),PPh,] in a reaction tube under nitrogen was added 4 ml
dioxane and 0.43 m! (3.0 mmol) of triethylamine. The mixture was heated at 80°C to give
an orange coloured solution which still contained solids, presumably
PACL[(PPh,(CH,),PPh,] To this mixture, at room temperature, were added 0.23 ml (1.5
15 mmol) pinacolborane (solution became brown but still contained insolubles) and 255 mg
(1.03 mmol) 1-iodo-3,4-methylenedioxybenzene. The reaction solution was warmed to
80°C with stirring in an oil bath. Analysis of the reaction solution by gc, as described
above, was carried out at intervals (see Table 20.1). The reaction was complete after 5 h
reaction time. The reaction solution was a bright crimson colour at the completion of the
20 reaction and the only solids present on cooling to room temp. appeared to be the
triethylamine salt. The amount of pinacol ester of phenylboronic acid formed is low with
PdCL[(PPh,(CH,),PPh,] as catalyst and forms only later in the reaction.

Table 20.1. Rate of product formation on reaction of 1-iodo-3,4-methylenedioxybenzene
with pinacolborane at 80°C. The catalyst PACL[(PPh,(CH,),PPh,] was heated with the base

triethylamine (3.0 mmol) prior to reaction. The concentrations are expressed in area %

bt
191

(uncorrected for response factors) determined by gc analysis of aliquots of the reaction

solution taken at selected reaction times*.



Oln a reaction tube under nitrogen, a m xture of PdC 2(dppfJCHZC ZM(’\gl [g]g;
0.026 mml) and triethylamne (0.36 m; 2.58 mml) in dioxane (4 Mir ?
over 4~. sieves} was sealed and 25 sti rred at 80C over ni ght (18h). After
cooling to roomtenperature, HB(pin) (0.18 m; 1.24 mmoi) and

2- 1 odot hi ophene ( 177 ng; 0.843 nmol) were added and the reaction m xture
was stirred at 80'C. GC anal ysis after 3 days showed a new peak at 7.4

m nutes which was identified by GO M as the desired heterocyclic borate
conmpound. 30 - 6 MAY 2003 -7s Exanple 41

S-(4,4,5,5-Tetranet hyl -1, 3, 2- di oxabogxl an-2-yl ) -1, 3-benzodioxole 0 ~ ~ O'O
In a reaction tube under nitrogen, a m xture of Pdd 2(dppf)CHzO 2 (23 ny;
0.028 mmol ), trlethylamne (0 36 m; 2.58 rrm)l) HB(p| n) (0 19 ml; 1. 31

ol ), i frodu=3A—mgrhytenedr pxypenzene (236 g, 0787t rmw) and
N, N- di ne ‘Iﬁ%‘:&e&g 4 . 10.M47010 1) i (S dri \2\/ r 4~
si eves) eal ed TALIL efl Af 886@ nal tdr O& d
t he reac 'on was conpiNet t hg desi rl or ArE ¢ )y d
' : 15 .

(new peak at 1 1 Ex~ar ple 42

4,4, 5, 5- , 3, 2-di oxaboljol ane 020 fn a reaction tupe
under ni
triethyl hgol ) , HB(p| n}9§0 19 m; 1131 rrm)l) phenyl

trifl uor pretiranesul-fionat-e (195 g @84 9«mirolyandacetant|-t-cde-¢6i-mg{ 0. 45
mroi ) i | oxane. (4.9 nl....doiif.over .tz sE8es). was.s€dled. and.stinted at
80' C. GQgnal ysis afiygy 24 25 fours shows tge reacti onigg be conplete and

havi ng fprred-thre-désrred-ary-oratecormpuimd
60 5.2 0 40

54
150 7.1 1.8 13 78
210 :7.9 2.1 3.5 86
300 i9.3 i24 (0 : 88
10 * The reaction was quenched at the selected reaction time by addition of the aliquot of

reaction solution to a water/ethyl acetate mixture.

(i)  PdCL[(PCy,).]

15 To 24.4 mg PACL[(PCy,),] in a reaction tube under nitrogen was added 4 ml! dioxane and
0.43 ml (3.0 mmol) of triethylamine. The mixture was heated at 80°C to give an lime-green
coloured solution which still contained solids, presumably PdCl,[(PCy;),] To this mixture,
at room temperature, were added 0.23 ml (1.5 mmol) pinacolborane and 247 mg (1.0 mmol)
1-iodo-3,4-methylenedioxybenzene. The reaction solution was warmed to 80°C with

20 stirring in an oil bath. Analysis of the reaction solution by gc, as described above, was
carried out at intervals (see Table 20.2). After the initial hour reaction period, the reaction
rate increased sharply and the reaction was essentially complete after 3.5 hours.
Solubilisation and activation of the catalyst appears to occur over the first hour of heating

the reaction mixture. The reaction solution remains virtually colourless over the course of

t9
w

the reaction and the catalyst is all dissolved at the end of the reaction. Importantly, the
absence of phenyl groups on the catalyst gives a product which is not contaminated by the
pinacol ester of that particular phenyiboronic acid. This eliminates the major difficulty in
the purification of the product arylboronic acid ester or, in the case of "one-pot" coupling
reactions, it eliminates the need to scparate a biaryl mixture.
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(new peak at 7.5 mnutes). 30 - s MAY zoo3 Exanple 43 -76 -6 M 03
4,4,5, 5-Tetranmet hyl -2-(2, 4, 6-trichl orophenyi)-1, 3, 2-di oxaborol ane 5 /C%E %9
In a reaction tube under nitrogen, a m xture of PdC 2(dppf) CHzZC12 (21 ny;
0.026 mmol) and triethylamne (0.34 m; 2.44 mol) in dioxane (2.5 m;
dried over 4~ sieves) was sealed and 10 stirred at 80C overni ght (18h).
After cooling to roomtenperature, HB(pin) {0.19 m; 1.31 mvol) was added
foll owed by 1-iodo-2,4,6-trichlorobenzene (267 ng; 0.869 mml) in di oxane
(2.5 m; dried aver 4~ sieves) and the reaction mxture was stirred at
80'C. GC analysis after I 8 hours showed a new peak at 12.5 m nutes which
was identified by GO M5 as the desi red “aryl borate conpound. 15 Exanple 44
Met hyl

2- (acetylam no)-5-(4,4,5,5-tetranethyl -1, 3, 2-di oxabor ol an- 2-yl ) benzoate O
20 H3COCHRable202\. Rat¢ia()padudt formatiemon raantionudid -iodd e, 4-meatinydepedioxpbanizetteur e  of

Pdd 2(dppf) CH, Cl 21 .0.026 nmpl iethylamne (0.34 n; 2.44
mmol ) in %?H’ﬁ%‘ﬁb age gﬁggo gr %ﬂcﬁv‘@ﬁhﬁlg(ﬁgy@;)w%a@agg%@ﬂmaiﬁe% stirred
at 80'C o ' : ) t : . j,on) (0.31
o 09, 14 MR ilhe (5.8 koD o6 réEfiyd, NohelBnt AL RE CRbHEE W BRI ot o
(233 ny; @néstecraddb) responde factons) de@nbingt! by ge hralysivef alpuotsiof eseactiod t he
reactioE S[S}XI ur q\{»\/?azaétir ed at 80C, GC analysis after 18 hours showed a

new peak SHUUEg. B IGFUPMERSS dent i fi ed by GU/MS as the desired
aryl borate conpound. 30 - 6 hl AY 2003
Reaction Time O e _ 0 o
(mins) \—/\—2 :\ B\ 4 - _7‘ %’L % _/=<_2
[0 | \ / O ] o \_7/
M
6 0 0 98 1
10 16 0 0 98
31 0 i 0 97
60 0 0 92 8.3
150 (2.5 h) 3.9 0 29 67
210 (3.5 h) 9.6 0 1.7 89
15 {300 (5 h) 1 {0 0 89
* The reaction was quenched at the selected reaction time by addition of the aliquot of

reaction solution to a water/ethyl acetate mixture.

(iii))  PdCL[(PPh,(CH,),PPh,)]

20
6.8 mg of Pd(OAc), (0.03 mmol) and 13 mg (0.03 mmol) of bis(1,2-
diphenylphosphino)ethane were placed in a reaction tube under nitrogen together with 4 ml
of dioxane and 0.45 ml of triethylamine. The tube was heated in an oil bath at 80°C for 15.5
h and the solution became reddish in colour. Then added at room temperature 267 mg (1.08

mmol) of 1-i0do-3,4-methylenedioxybenzene and 0.23 ml (1.5 mmol) of pinacolborane.

o
w

The reaction mixture was then warmed to 80°C. After 3 h, the reaction was complete with

92 % of the total peak areas due to the desired product.
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Exanpl e 45 -

Phenyl (4-(4, 4,5, 5-tetranet hyl -1, 3, 2- di oxabor ol an- 2-yl ) phenyl ] net hanon@ WﬁY a2093
reaction tube under nitrogen, a mxture of PdC 2(dpp~CHzClZ (2'1 ng; 0, 026
mmol) and triethylamne (0.34 m; 2.44 mmol) in dioxane (2.5 m; dried over

4~ sieves) was sealed and 10 stirred at 80C overnight (18h). After cooling

to roomtenperature, HB(pin) (0.19 m_ 1.31 nmol) was added fol |l owed by

4- br onobenzophenone (233 ng; 0.869 r’n‘?ﬂl‘) in dioxane (2.5 m; dried over 4~
sieves) and the reaction m xture was stirred at 80C. GC analysis after i8
hours showed a new peak at 17.0 m nutes which was identif ed by GO M5 as

t he desi rExemplgPborate conpound. 15 ~, xanple 46

foto”-5 RN Blobaldl SRR e P e oo =
PdC z( dppyifgiefytfacétdhiddn; 0.026 nmol) and triethylamne (0.34 nl; 2.44 nmol)

in dioxane (2.5 nm; dried over 4~ sieves) was sealed and 25 stirred at 80'C
overnight ( 18h). After cooling to roomtenperature, HB(pin) (0.19 nm; 1.31

nmol ) s added fol |owed by 1-iodo 4, 6-1 hoxybenzene (253 ny; O0.861
mol ) in dioxane (2.5 mﬂgQéCbkﬂJ n-@ ive nd the reaction mixture
was stirred at 80C. GC analysis afte 8 h sS\showed a single new peak at
14.2 mnutes which was identified by GO M as the desired aryl borate

conmpound. 30 S r~,~Y ~00~ Exam IR .e, 47 -

2- (4- Met hoxy- 3- et hyl .phenyl )-4, 4 5 5-t et | -1, 3..2-di.oxaborol ane /O O
FBC T o Faberipdmer e bk pristl dimeh i e ise HaRCI R erwed s (2
ny; 0. 026rdmele médgh LifRtdanba@srpy,(0.34 m; 2.44 mmol ) in dioxane (2.5 nl;

dried over 4~ sieves) was sealed and 10 stirred at 80' C overni ght (18h).
After tholing to roomtenperature, HB(pin) (0.19 nm; 1.31 mwvl) was added

fol | owed 1-i odo-4- net hoxy- 3- net hyl henzene (215 . .0.867 .mml ) i

di oxane (‘ZICHARHYS HRPRR 1%, ?Ycﬁﬁ‘% 89%??“%?%}&01% _of‘eagﬁ At Pieddp the gﬂ?ﬁp stirred
at 80" C. sl 30RLYS. STIR hélar AdiolreamahoxRitcd pihAlRre W NeRks at 1140 4

m nutes which was i1dentified by GO N5 as the ‘desired aryl borate conpound.

15 EXari 1150@ :2933. The amount of pinacolborane was 1.25 equivalents compared to the iodide.

2 2 R R e s Bk M e fihof i AL s 3 2P 1900
PAC z( R BRI Werd difBolvel P0THPYY digihelif 2§t N SLRBANBaskO- Bé il wad- 44
nmol) I n dioXane (2.5 m; dried over 4!~ sieves) was seal ed and

added dropwise 63.0 g of pinacol in 140 ml dioxane. After the addition was complete the

solution was stirred at room temp. and then at 60°C to ensure complete reaction of the

BH,.SMe,. The solution contained a little white precipitate.

20 The catalyst was activated prior to use by heating 1500 mg of PdCl,[dppf].CH,CI, with 30
ml of triethylamine in 370 m! dioxane at 80°C from for 7.5h. 67 ml of this dark brown

solution was used in the reaction.

25 X o}
{ + 125 >( BH — wemeg»- . .COCHN B
= 7LO/ N

NHCOCH;

30 To the pinacolborane solution was added 120 ml (863 mmol) dry triethylamine, 92 g

(352.5 mmol) p-iodoacetanilide and then 67 mi of the catalyst solution. The reaction



25 stirred at 80'C overnight ( 18h). After cooling to room.tenperatig ¢y 2003
HB(pin) (0.19 m; 1.31 mol) was added foll owed by

1-i odo- 2, 4- di net hoxybenzene (227 ng; 0.860 mmol) in dioxane (2.5 m; dried
over 4A sieves) and tile reaction m xture was stirred at 80'C. GC anal ysis
after 2 days showed a new peak at 11.0 m nutes which was identified by

GC/ M5 as the desired aryl borate conpound. 30 - 6 MAY ?7.003 -79 ExanplP-~49
2-{2- Met hoxy- 1-naphthyl )-4,4,5,5-tetranet hyl -1, 3, 2-di oxaborolane 5 10 In a
reacti on tube under nitrogen, a m xture of PdCl, (dppf)CH C, (21 ng; 0.026
mmoi ) and triethylamne (0.34 nl; 2.445r§rml) in dioxane (2.5 m; dried over
4A sieves) was sealed and stirred at 80" C overnight (18h). After cooling to
roomtenperature, HB(pin) (0.19 m; 1.31 mmol) was added foll owed by

1- i odo- 2- metohution wiappiatell iertke 2 b8hmay 80 0C.862e soivtipn becagicosleareindPate browndni ed

over 4A 5|ev d the reaction m xture stirr t 80C. GC 15 anal ysis
orer s STl B ehgbhE I b b aPiaciniiate o the Autedal sl ﬂ?a@tqﬁ n'ﬁ%['érs b the”
~xam-l e SO 5, nd 20
4,4,5, 5- Tetlr%%ﬁe%tnﬁ%i -2- Ig@)(fal é(ﬂﬁ%ég t%aﬁla‘%‘remﬁg{’myugé};&d&% (‘)"gfa oro rggﬁf"’)apheny
I] 1 3,2 le)bnalimbGtaﬁmg flatbiaBwas-cbsByeB, &Y @: Itn te ineke teaotion sdbtﬁmmdl‘:‘llie

nltrogen a mxture of Pdd z(dppf) CHzCl z ( nq 0. 026 mml) and
tri et hyl ati'aetion Psadygt in & numbegef; spch FFaafl‘eﬁéa\ﬁ@ ways oer 99% Bi genbe oznly side

f'og‘r’nef)en‘gg}at i e%g?ﬁ?‘gj n% %%flfﬂ% &% ﬁlalgﬁfo?bﬂ@%%lﬁlgi@&l %%tﬁérecégéﬁ tntfle £ ©

gc unless very strong solutlons were employed

The crude product was isolated by removing the amine salt from the solution at room

10 temp. The excess pinacolborane was destroyed with dry methanol. After reducing the
volume of the reaction solution, the product was precipitated with petroleum ether. The
dark coloured impurity in the product was removed by passing a solution of the product in
toluene through a short column of Merck type 9385.1000 silica gel 60. The product was
obtained as a white solid, mp > 162°C from toluene.

15
The presence of borane methyl sulfide complex in these reactions does not stop the
reaction from progressing. It can retard rate of the reaction somewhat but indications are
that it can retard, especially with certain substrate, the dehalogenation reaction to a greater
extent than the boronation reaction and so lead to an increase in product yield.

20

Example 22
Use of diethoxyborane in the boronation of aryls.

This reaction demonstrates that it is not necessary to use glycol esters of borane to carry

25 out the boronation of aryls and that the diesters of borane with monohydric alcohols are

reagents for this reaction.
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-80 mml ) was added fol |l owed by 1-bronp-2-iodo-benzene (245 ng; 0.8§61mHOP(I3
in dioxane (2.5 m; dried over 4~ sieves) and the reaction m xture was
stirred at 80C. GC analysis after 2 days detected the nonoborate at 8.9
m nutes and the diborate at 12.9 mnutes. 5 | Examie 51
2- (4- Bronophenyl )-4,4,5,5-tetranet hyl -1, 3, 2- di oxabor oi ane and
4,4,5 5-Tetranmethyl -2-[4-(4,4,5,5-tetranet hyl -1, 3, 2- di oxabor ol an- 2- yd) pheny
I1-1, 3, 2di oxaborolane ~ O Br B\ p 10 In a reaction tube under nitrogen, a
m xture of PdC 2(dppf)CHzCl 2 (21 ng; 0.026 mmol ) and triethylam ne (0.34
m; 2.44 mol) in dioxane (2.5 m; dried over 41~ sieves) was seal ed and
stirred at 80' C overnight (18h). Aftéf-cooling to room tenperature, HB(pin)
(0.19 m; 1.31 mol) was added foll owed by 1-brono-4-iodobenzene (242 ny;
0.855 mml) in dioxane |5 (2.5 m; dried over 4~ sieves) and the reaction
m xt ur e wasntissisraf dtethyl 18BEenz6dioxnkbyliosonafet er 18 hours showed t he
nonoborate at 8.8 mnutes and the diborate at 13.7 m nutes. Exanple 52

Bt hyl - 1, 3,QEdi oxaborol ane 20 C~ 25 In a
reacti on tube under nitrogen, a\m) e of PdC 2(dppfJCH C z (21 ng; 0.026
mol ) and triethylamne (0.34 4 @ ) in dioxane (2.5 m; dried over
4~ sieves) was seal ed and - 6 MAY 2003 - stirred at 80' C overnight ( |
8h). Affer cooling to roomtenperature, HB tn) (0.19 m; 1.31 mmol) was
added f-ol |l owed by 4-chl oro-i odobenzene (209 ng; 0.876 mol) in dioxane (2.5
m; drie | 5F Bd r £ ' [ 80C. &C
anal ysi sd%({‘)%%? 1 th%qj?\%(&@%\;%czzﬁ adrgg;é?l&)ggﬁbﬁdgeghfgrg‘gg%ﬁ%h%&% @ﬁ m nut es.
Exanpl e &S3oxane and 0.45 mi (3 mmol) triethylamine. The solution was heated at 80°C for 18.5 h

4,4,5 5-Tetranmet hyl -2-[4-(trifluoronethyl)phenyl]-1, 3, 2-di oxaborol ane /O 10
o) to activate thy catalth. ( yl) phenyl ] ,

10 A solution of HB(OEt), was made by adding 0.19 ml ethanol in 2 ml dioxane to a solution
of 0.15 ml of a 10 M solution of BH,.SMe, in 2 ml dioxane with cooling to a little above

the freezing point of dioxane and then stirring overnight at room temp.

After adding 281 mg (1.13 mmol) 1-iodo-3,4-methylenedioxybenzene to the catalyst
15 solution followed by the HB(OEt), solution the reaction mixture was warmed to 80°C in

an oil bath.

The progress of the reaction was followed by removal of a series of samples of the
reaction solution, and treating these with an ethy! acetate solution of pinacol and extracting
20 with 10% brine solution. This work-up procedure converted the arylboron product species
to its pinacol ester, a convenient molecule for gc identification. The reaction proceeds
quite rapidly, the area of the gc peak of 1-iodo-3,4-methylenedioxybenzene being reduced
rapidly, being about half of the total peak areas after 1 h reaction time. When tested after
23.5 h reaction time all the 1-iodo-3,4-methylenedioxybenzene had been consumed and the

25 major peak in the gc was that of the pinacol ester of the product.
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In a reaction tube under nitrogen, a mxture of PdC 2(dppf)CHZC12 (28 MY 2003
0.026 mml) and triethyiamne (0.34 m; 2.44 mmol) in dioxane (2.5 m;
dried over 4A sieves) was sealed and 15 stirred at 80' C overni ght (18h).
After cooling to roomtenperature, HB(pin) (0.19 m; 1.31 mol) was added
foll owed by 4-iodobenzotrifluoride (235 ng; 0.864 mol) in dioxane (2.5 m;
dried over 4~ sieves) and the reaction m xture was stirred at 80'C. GC
anal ysis after 18 hours showed the desired borate conpound at 5.0 m nutes.
20 Exam 1R a 54, 4-(4,4,5,5-Tetramet hyl -1, 3, 2-di oxaborol an-2-yl)-1
H-pyrazole HN O 25 In a reaction tube,under nitrogen, a mxture of

PdCl ~(dppf)CH-A 2 (21 ng; 0.026 mmol " and triethylamne (0.34 m; 2.44
mol ) in dioxane (2.5 nm; dried over 4~ sieves) was sealed and stizred at

80" C overni ghﬁ 18h). After cooling to roomtenperature, HB(pin) (0.31 m;
2.14 30 r&ﬁéﬂ?—%«é& added foll owed by 4-iodopyrazole ( 166 ng; 0.856 mml) in

di oxane ( T G ~.Si I Eﬁﬁgﬁ;j I stirred
at 80C. %eg)rﬁg}%zs?%kgﬁre%ﬁél?%mé o@&’eﬁ/ﬁ)\?ngl%%gh g% 0 rlslggﬁ?m%t;érﬁg\qgggi red
bor at e compacnagatylbbrdnicracidesters. Exanp a 55 _
3-(4,4,5,5-Tetranet hyl -1, 3, 2- di oxabor ol an- 2-yl ) benzyl amine 5 H2N /O BO 10
In a reaction tube under nitrogen, a m xture of Pdd z(dppf)CHzO 2 (21 ny;

QD28 Taibgand ek eleiKiBElRnd Radselas stbsfdreT Bishondiald BiRREacifne ™

dried over 4~ sieves) was ‘sealed and stirred at: C overni gh
cool i ng tThe catalysttveasaetiedted @ee bibgy) PJCl([dpp2 and the2,32-dimxabgrolans spudite dvere

fol |l owed by 3-iodobenzyi am ne, (20 . 0.862 nmmol ) in dioxane (2.5 15 m ;
dried ov@repated fiomsihe apprappate H@q ﬁl@i@ﬁé?ﬂ% mrgﬂ%@%of%@lp P?@&S*ﬁ{s regtion GC
anal ysi s p?JdtngtrS, wilich were obtained in good to excellent yield, were identified by gc/ms. A

typical reaction is that described for the formation of the species in which the diol used was

10 phenyl-1,2-ethanediol.

) Synthesis of 5-(4-phenyl-1,3,2-dioxaborolan-2-yl)-1,3-benzodioxole

O
CgHs 0 7
15 \[ '8 0
/
@)

The 4-phenyl-1,3,2-dioxaborolane was first prepared by reaction of 236 mg phenyl-
1,2-ethanediol (1.7 mmol) with borane dimethylsulfide adduct (0.15 ml, 1.5 mmol)
20 in 2 ml of dioxane. A stock solution of the catalyst in dioxane was made by heating
250 mg PdCl,[dppf].CH,CI, with triethylamine (4.5 ml) at 80°C for 20 h in 40 ml
dioxane. To this solution was added 2.48 g (10 mmol) of 1-iodo-3,4-
methylenedioxybenzene. 4.8 ml of this reaction solution was then placed in the
reaction tube containing the borane ester. The mixture was heated for 20 h at 80°C
25 and then an aliquot was removed, dissolved in some ethyl acetate containing a little
of the diol and shaken with 10 % brine solution. After drying with MgSQO,, the gc
was measured. One major peak, of retention time 15.7 mins was found. This was

shown by gc/ms to be the destred product.



hours showed the desired borate conpound at 10.0 m nutes. Exanple & MAY 2003
4,4,5,5-Tet zanmet hyl - 2- (3, 4, 5-tri net hoxypheny! )- t ,3 ,2-di oxaborol ane 20
H3C0O O H3C0 ~ ~ 8~ O H3CO 25 In a reaction tube under nitrogen, a m xture
of PdC(Z(dppf)CHzClz (21 ng; 0.026 mmol) and triethylamne (0.34 m; 2.44
mml) in dioxane (2.~ m; dried over 4~ sieves) was sealed and stirred at
80' C overnight ( 18h). After cooling to roomtenperature, HB(pin) (0.19 m;
1.31 mml) was added foll owed by 1-brono-3,4,5-trimethoxybenzene(213 rttg;
0.862 mml) in 30 dioxane (2.5 m; dried over 4~ sieves) and the reaction
mxture was stirred at 80' C. GC analygsis after 18 hours showed the desired
borate conmpound at 12.0 m nutes. --s May z~o~ - 83 F~ammle 57

4,4,5 5-Tetranmet hyl -2-(3-thienyl)-1, 3, 2-di oxaborolane 5 ~/0OS " BOIn a
reaction _tube under nitrogen, a mxture of PdC 2(dppf)CHzCl 2 (21 ng; 0.026
mol ) an@ﬂfeof%aﬂggﬂ’;?%ﬁcﬂe“tﬁ&@@%ég&%@%ﬁ?‘&?)‘”ﬁf& di oxane (2.5 ni; dried
over 4~. sieves) was sealed and stirred at 80' C overnight ( 18h). After
cooling to roomtenperature, HB(pin) (0. I 9 nm; 1.31 nmol) was added

f ol | owed(iy 3544,6udixhéthplph?Aeli¢xkBaroiay-2-§1)84D-bamavldjoxole di oxane (2.5 m; dried
over 4th sieves) and the reaction m xture was stirred at 80'C. GC anal ysis
after 18 hours showed the desired borat npound at 5.1 mnutes. 15 Methyl
4-met hgxy-3-{4,4,5,5-tetra -1, 3, i oabor ol an-2-yl )benzoate 20 H3C O
OOBOOCH3 In a reaction tulge urm ogen, a m xture of
PdCh(dppf)CHzdl 2 (21 ng; O. = 25 triethylamne (0.34 m; 2.44
nmml) in dioxane (2.5 m; dried over 4A sieves) was sealed and stirred at
80' C overnight ( 18h). Aftcr cooling to roomtenperature, HB(pin) (0.19 m;

1.31 m%?:r%&icﬁlC{ﬂﬁ&J.ﬁ’éMWﬁWt hyl 3-i odo-4- net hoxybenzoate (251 ngy;
0.859 mmol’) I'n

10 (iii)  5-(4,5-diphenyl-1,3,2-dioxaborolan-2-yl)-1,3-benzodioxole

0
CgH
.
B 0]
/
CgHs S

15

GC retention time 19.1 mins.

(iv)  5-[4-(methoxymethy!)-1,3,2-dioxaborolan-2-yl]-1,3-benzodioxole

20 \ o)
0O, 7
ROSOY

This material lost the diol readily during the water washing of the gc sample. The aliquot of
25 the reaction solution used for the gc analysis was therefore treated with a solution of pinacol
in ethyl acetate and then washed with water. The product was identified by gc/ms as the

pinacol ester of the boronic acid GC retention time 10.6 mins.
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di oxane (2.5 nl; dried over 4~ sieves) the reaction mxture was stigr [Ma¥ ag3
80'C. GC analysis after 18 hours showed the desired borate conpound at 13.
m nutes. 30 ~- 6 MAY CO0 -84 Exanple 59

4,4,5,5-Tetranet hyl -2-(2, 3, 4, 6-tetramet hoxyphenyl ) -1, 3, 2-di oxabor ol ane 5
N3CD H In a reaction tube under nitrogen, a m xture of PdCh(dppf)CHzCl z (21
ng; 0.026 mol) and 10 triethylamne (0.34 m; 2.44 mol) in dioxane (2.5
m; dried over 4~ sieves) was sealed and stirred at 80C overnight (18h).
After cooling to roomtenperature, HB(pin) (0.19 m; 1.31 mvol) was added
fol lowed by nethyl-2, 3,4, 6-tetranethgxyi odobenzene (274 ng; 0.84S mmmol) in
di oxane (2.5 m; dried over 4A sievées) the reaction mxture was stirred at
80'C. GC analysis after 2 days showed the desired borate conpound at 13.3
m nutes. 15 N . .

[ 2- Met hy(Wa- (3 teirabydrogafireyiclapaytpl)(1s3. 21dinxaRorglp3i-4n-tengedig¥lfyi ] acet ani de
20 HsCOCHN ~ ~ B\ OH3C In a reaction tube under nitrogen, a m xture of

Pdd z(dpp~CH2A z (21 ng; 0.026 mml) and @«jethylamne (0.34 nm; 2.44 nmol)
in dioxane (2.5 m; driedsever-@~ sieyss) wgs sealed and 25 stirred at 80'C
overnight ( 18h). After ng \B) o@} nerature, HB(pin) (0.19 m; 1.31
nmol ) was added fol | owed\py A ;ﬁfom) thyl acetanilide ( 197 ng; 0.864
mol ) kn dioxane (2.5 m; dried?over 4th sieves) the reaction m xture was

stirred at 80C. GC analysis after 2 days showed the desired borate conpound
at 14.5 @Cnateation 3fe 12.1 mins.

a 24
The use of 1,3,2-dioxaborinane species to prepare organylboronic acid esters.
10
In the reactions below 1-iodo-3,4-methylenedioxybenzene was used as substrate. The
reaction conditions including the activation of the catalyst and the synthesis of the borinane

were the same as described in Example 23. The reaction products were identified by gc/ms.

15 (i) 5-(5,5-dimethyl-1,3,2-dioxaborinan-2-yl)-1,3-benzodioxole
8]
S0
B (0]
/
0O
20

One major peak, of retention time 11.5 mins, shown to be the desired product, was found.

(ii) 5-(4,4,6-trimethyl-1,3,2-dioxaborinan-2-yl)-1,3-benzodioxole
25 0 07

GC retention time 11.3 mins.
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- 6 MAY 2003 -as examl|lp a 61 -

2- (6- Met hoxy-2-naphthyl )-4,4,s,s-tetranet hyl -1, 3, 2- di oxabor ol ane ocﬁréW 2003
O-~/ / BOIn a reaction tube under nitrogen, a m xture of

PdC 2(dppf)CH-Cl z (21 ng; 0.026 mmol) and 10 triethylamne (0.34 m; 2.44
mml) in dioxane (2.s m; dried over 4~ sieves) was sealed and stirred at
80C overnight (18h). After cooling té)o roomtenperature, HB(pin) (0.19 m;
1.31 mmol) was added fol |l owed by 6-Dbronp-2-net hoxynapht hal ene (204 ny;
0.860 nmml) in dioxane (2.s m; dried over 4~ sieves) the reaction m xture
was stirred at 80'C. GC analysis after 2 days_ showed the desired borate
conpound (HY 14-@-4-Aveternethd-1,3a¢rdiaxalprinan-2-yl)-1,3-benzodioxole

2, 4- Di met hoxy-s-(4,4,s,s-tetranethyl -1, 3, 2-di oxabor ol an-2-yl ) pyri m di ne 20
OCH3 a -0 NCO _N~31In a rgaction tube under nitrogen, a m xture of

Pdd z(dppf)CH-Cl z (21 ng; O. ) aythgs triethylanine (0.34 m; 2. 44
nmml ) in dioxane (2.s m; drigd ersi eves) was sealed and stirred at
80C overnight (18h). After coyl igé T rBom tenperature, HB(pin) (0.19 m;
1.31 mpl) was added follo y°5- br ono- 2, 4- di met hoxypyrim dine ( 190 ny;
0.867 mml ) in dioxane (2.s ; dried over 4~ sieves) the reaction mxture
was stirred at 80C. GC analysis after 2 days showed the desired borate
conmpound at 8.9 m nutes. 30 - 6 MAY Z003 -86 Exanmple 63 2-(2-Fl uoro(

1, 1' - bi pR€ntetqntign fime.14.&mmss-t et ranet hyl - | , 3, 2-di oxaborolane F 0 In a
reaction tube under nitrogen, a m xture of PdC 2(dppf)CHzCI Z (2~1 ng; 0.026
mml) and triethylamine (0.34 nml; 2.44 mol) in dioxane (2.5 m; dried over
4~ si evegxamBr 25eal ed and 10 stirred at 80' C overnight ( 18h). After

cooling to roomtenperature HB(pin) (0.19 nL; 1.31 mvl) was added foll owed
by 4-bl%ofmmﬁe$$ eforeaiiyfieeays aqidmenegsteringuigclnihg|bpramis disoreasbed % m : dri ed
over 4-~. Hﬁllv(\’géﬁ? mthe reaction mxture was stirred at 80C. GC anal ysis after
2 days sho € desired borate conpound at 19.4 minutes. 15 Exanple 64

Synthesis of 2-(1,3-benzodioxol-5-yl)-3-methyl-1,3,2-oxazaborolidine

0
15 rlq\ 7
[ B—( ,>—o
V4
0

The reaction was carried out following the reactions described in Example 23 but using the
aminoalcohol, 2-methylaminoethanol, instead of a diol. For the gc analysis pinacol was

20 added to the ethyl acetate solution. One major peak of retention time 10.4 mins was found
in the gc and this was identified by gc/ms as the pinacol ester of the arylboronic acid. The
required compound therefore is formed in good yield but is not stable towards hydrolysis
during the aqueous extraction and forms the boronic acid. In the absence of added pinacol
no peaks are observed in the gc analysis.

25

X 26

The formation of arylboronic acid esters with the chiral diol (15,2S,3R,5S)-(+) pinanediol.

A stock solution of the borane (1S,2S,6R,85)-2,9,9-trimethyl-3,5-dioxa-4-
30 boratricyclo[6.1.1.0%¢]decane was synthesised from the diol (1.96 g; 11.5 mmol) and 1.1 ml

of BH,;.SMe, solution (11 mmotl) in 20 mi dioxane. A stock solution of the catalyst in



3, 4- Di net hoxy-5-(4,4,5,5-tetranet hyl -1, 3, 2- di oxabor ol an- 2- yI)benzatge@xg 03
20 In a reaction tube under nitrogen, a m xture of PdCl ~(dpp~CH2C12 ( ﬁ?
0.026 mmol) and triethylamine (0.34 m; 2.44 mol) in dioxane (2.5 m;
dried over 4~ sieves) was sealed and stirred at 80' C overnight ( 18h).
After cooling to roomtenperature) HB(pin) (0.19 m; 1.31 25 mmol) was
added fol |l owed by 3-iodo-4, 5-di met hoxybenzal dehyde (254 ng; 0.870 mml) in
di oxane (2.5 m; dried over 4A sieves) the reaction m xture was stirred at
80'C. CGC analysis after 2 days showed the desired borate conpound at 13.2
m nutes. 30 - 6 MAY 2003 Exami p_ & 6 g7 _

2- (4- Met hoxy- 1- napht hyl )-4, 4,5, 5- tetranethyl 1, 3, 2-di oxaborolane 5 /OB O
In a reaction tube under nitrogen, a m xture of PdC z(dppf) CHzC12 (21 ng

i o0 oveliue Snsiness bihtiod Ay S e el L v el byBmieghm 2efC A fer

cool i ng G- JORM PG & mt"éf RidDrowhl s&l%txmx wﬂlc@émim& :lbd{\@?s Iﬁ%%g%

fol | oned by 1-bronp-4-met hoxynaphthal ene (20 i oxane
(2.5 M ; catalysthndvie47 m#oﬁtnemyka)mnchewas phced i mra maottourtwbwmtammg thedubdtrag0' C. GC

igal ysis fterl) und%?Xx?msépt%Vtr\ﬁgsp ere. c}gsi d rtl?e} t?oranc solu lfli'?)(r:il V\?ats agiged anlgltﬂm es:
4 14 (4& 4ea§uén HtR RN to d0°8 &wgt%agﬁwéna&d%uué )’ﬁ{éeiﬁi’klnlre badnbditefp! - 2- am
In a reaction tube under nitrogen, a m xture of

PdCI 2( dpﬁ# h@tﬂéillg?h t(lQ iteamyqn tim&>Grietwlith thmshibaFate usiag lngameamo(n(luﬁbﬂs witen 2. 44
nmol ) in d|0ﬁ dri.ed ver 4! ~ S@Hﬁﬁ nd stlrred at
80' C oveflf f“a(tesfﬁﬂ)ed dﬁ\?ct"é(ﬁt‘%%i PHYCRHOL él?ﬁlﬁa‘ﬁfr hen32 i ;
2.21 ok S EBQE&:H:P%I& A Perfloed AHLIPRIER ﬂ (213 ny;
0. 858 q m?ﬁhgﬂﬁﬁgaégkz.S drF%d ov%roﬁizgﬁeggs Eg ?E%?ﬁ?%ﬁ m xture
was stir ﬂmtgexammmf (he réiCtian slay sotscoafplare, dissdlagd nsMwenlh)tl laectatesihd slthkbor at e

d a te
corrpourb 10 % rme SO utxosn Af?er drying with MgSO,, the gc was measured. The reaction

products were identified by gc/ms. The following chiral compounds were obtained by this

procedure.

@ 2-[(15,2S,6R,85)-2,9,9-trimethyl-3,5-dioxa-4-boratricyclo[6.1.1.0%¢]dec-4-
15 yl]benzonitrile

20 The gc of the reaction solution had only one strong peak at 15.6 mins which was shown to

be due to the desired product.

(i) (185,25,6R,8S5)-4-(4-methoxy-2-methylphenyl)-2,9,9-trimethyl-3,5-dioxa-4-
boratricyclo[6.1.1.0*¢]decane

O
Q-1
AN
(@]

CHs

25

The gc of the reaction solution had only one strong peak at 15.9 mins which was shown to

30 be due to the desired product.



- 6 MAY 2003 _8s Exam | 4,4,5,5-Tetranet hyl -2-(4-{ _

[ (E~- 3-net hyl - 1- but enyl ] oxy} phenyl ) -1, 3, 2-di oxaboroiane Os _ 0 O pnMéY 2003
reaction tube under nitrogen, a mxture of PdC 2(dppf)CHzCl 2 (21 ng; 0.026
mmol) and 10 triethylamne (0.34 m; 2.44 mol) in dioxane (2.5 m; dried
over 4~ sieves) was sealed and stirred at 80' C overni ght (18h). After
cooling to roomtenperature, HB(pin) (0.19 m; 1.31 mvol) was added

foll owed by 1-brono-4-[(3-nethylbut-2-enyl)oxy]benzene (209 ng; 0.867 nmol)
in dioxane (2.5 m; dried over 4~. sieves) the reaction mxture was stirred
at 80'C. GC analysis after 2 days shgwed the desired borate conpound at
12.8 mnutes. 15 Exam 1R a 68 1-(4'-(4, 4,5, S-Tetranet hyl -

| , 3, 2-di oxaborol an-2-yi)[ 1,1 -biphenyl]-4-yl]-1-ethanone 20 O H3C ~ ~ O In

a reactiqgp tube uynder nitrogen m xt.ure of PdC.z(dppf)CH, Cl2 (21 ny;
0.026 Mm@ a%é'gﬁe&%bé@1{99%%%?%@,@4%@!-%-%- - in dioxane (2.5 ni:

dried over 4~g.,5i MagspRalse distirred at 80' C overnight (18h).
Af ter cooIings?oﬁﬁﬁgﬁﬁ%enpeﬁ%?uﬁgF@ﬂB pin) (0.19 m; 1.31 nmol) was added

foll owed by 4-acetyl-4'-bronobi phenyl (240 ng; 0.872 mmmo]) in dioxane (2.5
m; dried over 4~ sieves) the reaction mixture was stirred at 80C. GC

anal ysis after 2 days showed de;}? rate conpound at |7.3 m nutes.
30 -56 MAY 2003 -89 B
3-Bronp-6- (4, 4,5, 5-tetranet hy ,3,?\ f orol an-2-yl)-9H carbazole O5 1

,B Oer HIn a reaction tube unfler nitrogen, a m xture of PdC z(dpp~CH2C12
(21 ng; 0.026 mmol) and 10 trietP§Hsani ne (0.34 m; 2.44 nmol) in dioxane
(2.5 m; dried over 4~ sieves) was seal ed and

The gc of the reaction solution had only one strong peak at 15.5 mins which was shown to
be due to the desired product.
10
(iv)  (15,2S5,6R,85)-2,9,9-trimethyl-4-(2,3,4-trimethoxyphenyl)-3,5-dioxa-4-
boratricyclo[6.1.1.0**]decane

H3CO B/O
15 : \
(o]

H3CO OCH;3

The gc of the reaction solution had only one strong peak at 17.0 mins which was shown to
be due to the desired product.
20
W) (18,25,6R,85)-4-(2-methoxyphenyl)-2,9,9-trimethyl-3,5-dioxa-4-
boratricyclo[6.1.1.0*¢]decane
B/p
N\

25 o

OCH3;

The gc of the reaction solution had only one strong peak at 14.4 mins which was shown to
be due to the desired product.
30



stirred at 80' C overnight (18h). After cooling to roon1tenperature,.6{ﬁﬁyrﬂm3
(0.32 mM; 2.21 mol) was added foll owed by 3, 6-di bronocarbazol e (281 ny;
0.865 mml) in dioxane (2.5 m; dried over 41~ sieves) the reaction mxture
was stirred at 80C. GC analysis after 18 hours showed the desired borate
conpound at 21.3 mnutes. 15 ExamlIn a 70
6-(4,4,5,5-Tetranet hyl -1, 3, 2-di oxabor ol an-2-yl )-2-naphthol HO20 / / i0 s 1
Oln a reaction tube under nitrogen, a m xture of Pdd z(dpp~CHzd 2 (21 ny;
0.026 mml) and 25 triethylamne (0.34 m; 2.44 mol) in dioxane (2.5 mnl;
dried over 4~ sieves) was seal ed and6 tirred at 80' C overnight (18h). After
cooling to roomtenperature, HB(pin) ?0.32 m; 2.21 nmmol) was added
fol |l owed by 6-brono-2-naphthol ( 189 ng; 0.847 mmol) in dioxane (2.5 n;
dried over 4~ sieves) the reaction m xture was stirred at 80C. GC anal ysis

after 18 (Wbur L1SASREBSH-RE, Hebnetbr-Hbi-criBueremsdivhahenylliss-dioxprfut es. 30 -

6 MAY 2Q03 -9 a 26

4, 4- Di net hyl - o%n%’%ﬁg?ﬂle r]gﬁ%atnﬁyl -1, 3, 2-di oxabor ol an- 2-yl ) - 2-cycl ohexen-1
-one 5 Oln a reaction tube under nitrogen, a m xture of PdC z(dppf) CHzZC12
(21 ng; 0.026 mmol ) and tri eyl am neo m; 2.44 mmol) in dioxane (2.5
m; dried over 4~ sieves) @ e an stirred at 80C overni ght (18h).
Af ter c§)oling to room tenpels # e B( pi .19 m; 1.3l nmol) was added
fol | owed by 4, 4-di net hyl - 2-i odog 2- cyd® oheXenone (213 ng; 0.852 mmol) in

di oxane (2.5 m; dried over 4~ sggves) the reaction mxture was stirred at
80'C. GC analysis after 18 hours showed the desired borate conpound at 9.2
m nutes. 15 Ex le 72

The ge of the reaction solution had only one strong peak at 12.4 mins'which was shown to

be due to the desired product.

10
(vii) (1S,2S,6R,85)-2,9,9-trimethyl-4-(2-methylphenyl)-3,5-dioxa-4-
boratricyclo[6.1.1.0%¢]decane

O

B/

AN
15 o

CHs

The gc of the reaction solution had only one strong peak at 13.5 mins which was shown to
be due to the desired product.
20
Example 27 .
The formation of arylboronic acid esters with the chiral diol (1R,2R,3S,5R)-(-) pinanediol.

The borane (1R,2R,6S,8R)-2,9,9-trimethyl-3,5-dioxa-4-boratricyclo{6.1.1.0%¢]decane was
25 synthesised from the diol and BH,.SMe, and reacted with aryl halides by the procedure

described in Example 26. The reaction products were identified by ge/ms.

) 2-[(1R,2R,65.8R)-2,9,9-tnimethyl-3,5-d1oxa-4-boratricyclo{6.1.1.0>¢]dec-4-

yl]benzonitrile



2- (4- Met hoxyphenyl )-4,4,5,5-tetramet hyl -1, 3, 2-di oxaborol ane O H3CO ~ ~ B~ O
20 In a reaction tube under nitrogen, a m xture of Pdd 2(dppf)CI—|ZCI26(?;IJ:\‘( 2003
ng; 0.026 mmol) and triethylamne (0.34 m; 2.44 mmol) in dioxane (2.5 m;
dried over 4~ sieves) was seal ed and stirred at 80'C overni ght (18h). After
cooling to roomtenperature HB(pin) (0.19 m; 1.31 25 nmmol) was added
fol |l owed by 4-net hoxybenzenedi azonium tetrafl uoroborate ( 188 ny; 0.847
mol ) in dioxane (2.5 nl; dried over 4~ sieves) the reaction m xture was
stirred at 80'C. GC analysis after 18 hours showed the desired borate
conmpound at 12.0 mnutes. 30 - S r~~~ 2003 -91 Exanple 73
5-(4,4,5,5-Tetranethyl - | , 3, 2- di oxab®fol an- 2- yl)-1, 3-benzodi oxole BO O In
a reaction tube under nitrogen a mxture of PdCd 2(dppf)CHzZC(2 (24 nmy;

0.029 mml) and triethylamne (0.36 nm; 2.58 nmol) in dinethyl sul phoxide (4
m; dried over 4~ sieves) was 10 sealed and stirred at 80C for 18 hours.
After cooling to roomtenperat e HB(p 0.19 m; 1.31 nmmol) was added
foll owed by 1-iodo-3, 4- nethyl< - axa‘be (211. ng; 0.85 1 mmol). The
reaction m xture was stirred | ysis after 18 hours showed
that the desired aryl borate conpd nd (fad formed. 15 Exanpl e 74

2- met hoxy- 4- (4, 4, 5, 5-t et ranet hyl - N3, 2- di oxabor ol an- 2-yl ) - phenol 20
Solution 1: Pinacol ( 124.6g; 1.054 nol) in dry dioxane (200 m) was
stirred under N, and allowed to equilibrate to RT

The gc of the reaction solution had only one strong peak at 15.6 mins which was shown to

be due to the desired product.

(i)  (1R,2R,65,8R)-4-(4-methoxy-2-methylphenyl)-2,9,9-trimethyl-3,5-dioxa-4-
10 boratricyclo[6.1.1.0*%]decane

p.
AN
o

H3;CO B

CHs
15

The gc of the reaction solution had only one strong peak at 15.9 mins which was shown to

be due to the desired product.

(iii)  2,6-dimethoxy-3-[(1R,2R,6S,8R)-2,9,9-trimethyl-3,5-dioxa-4-

20 boratricyclo[6.1.1.0%¢]dec-4-yl]pyridine
oo iR
3 \
v—4 o
OCH;
25

The gc of the reaction solution had only one strong peak at 15.5 mins which was shown to

be due to the desired product.

30



uti : Borane-nethyl sul phide conplex (100 m; 10M 1.00 nol) in dioxane
(250 ni) 2~ was stirred at RT under N,. Solutio : Pdd 2(dppf)CH, d 2 76 27AY 2003
g; 8.90 mmol; 2 nole¥y and NEt3 {25.0 m; 0.179 nol) in dry di oxane (300
m) was stirred at 80C, under N2) overnight before cooling to room
tenperature. 30 Solution 1 was transferred under Nz to a

pressure-equal i sing droppi ng funnel and added to Sol ution 2 over 6h.
Stirred at RT overnight before heating at 40-SOC for ~8h. After stirring

- ~ MAY 20D3 -92 overnight at RT a white ppt had forned. NEt3 ( 149 m; |
.07 nol) was added foll owed by stow addition of 2-nethoxy-4-bronophenol
(91.69; 0.451 nol). Finally, the activgted catalyst (Solution 3) was added
and the resultant dark brown solution was stirred at 100C. GC anal ysi s
after 20 hours showed the desired borate conpound at | 1.1 mnutes (62%. 5

Exanpl e 75 2-net -5-(4,4,9,5-tet yl-1.3,2-di 0 r.ol an-2-yl) - phenol
10 HO A so|(§‘f)i on‘q8%?%&@6%9’?“’1’?@@[5?%5gdé‘g‘eﬁbﬂixﬁﬁ’ﬁ?yé?@ﬁdl%i he (40 ni)
was added dropvmbs)@am@yaéwgm_dﬁ@}a@ean@o a solution of borane-nethyl sul phide
conplex (9.0 m; 10M™ 0.090 nol) in 15 dioxane (40 m) and stirred at RT
under NZ. To this solution was added HB(pin 22.0 m; 0.152 nol) and
2- met hoxy- 5- bronophenol (19. 63g; 0=6967 m)) gt oxane (30 m}. This
solution was allowed to stimH;oue per at ure before being
added, drppwi se, to the activated Ye d: dppfyCH, d 2 (2.38g; 2.91
mml ) and NEt3 (40.0 ml; O. 287H 0]
and allowed to cool to RT]. The Teacti@ismi xture 20 was heated at 100C. GC
anal ysis after 18 hours showed the desired borate conpound at 12.0 m nutes.
Example 76 2-(4,4,5,5-Tetranet hyl -1, 3, 2-di oxaborol an-2-yl)aniline 25 O BO
:\'EZ dfg g’f' S)}g%%g?fﬁ}mti’on (S1ti8haddorPBEnd Sk pedldat B Bm{dd widcHvas sho@ 870! )
be due to the desired product.

10
v)  (1R,2R,6S,8R)-4-(2-methoxyphenyl)-2,9,9-trimethyl-3,5-dioxa-4-
boratricyclo[6.1.1.0*]decane

B/o
15 \oﬁ 9

OCH,

The gc of the reaction solution had only one strong peak at 14.4 mins which was shown to
be due to the desired product.
20
(vi)  (1R,2R,6S,8R)-2,9,9-trimethyl-4-[2-(trifluoromethyl)phenyl]-3,5-dioxa-4-
boratricyclo[6.1.1.0**}decane

e/o l%]
AN

CFy

The gc of the reaction sotution had only one strong peak at 12.4 mins which was shown to

be due to the desired product.
30



m ) was heated at 80C overnight and allowed to cool to RT. A solution of

2- bronoani l i ne 6 MAY 2003 -93 (181 ng; |.05 nmol) and HB(pin) (0.3 m‘"'ﬂﬂ3
2.55 mol) in 1.5 nl dry dioxane was stirred at RT overnight before Bel Hg -
added to the activated catal yst above. The m xture was then heated at 80C.
GC anal ysis after 18 hours showed the desired borate conpound at 9.8

m nutes which was also identified by NNR 5 Exanple 77

4,4,5, 5-tetranet hyl -2-(4-nitrophenyl)-1, 3, 2-di oxaborolane O 10 &ZN O ln a
reacti on vessel under argon, a nixture of a Pdd 2(dppf)CH Clz (0.49g; 0.602
mmol ) and triethylamne (I. in dioxane (14.8 m; dried over
4~, sieves) was seal ed and 15 stlrre t 80 C overnlght ( 18h) Af ter
cooling to roon1tenperature HB(pin) (22 mlL in dioxane; |1.38 M 0.03 nol),
triethyiamne (8 ; 0.06 nmol) and 1-i odo-4- nltrobenzene (5.0 g; 0.02

nmol ) wer &iBddéR, &&éSiSRHﬁegamQS Irfi-roetbylphenyd}-3 Srdiekazd- 80C. GC anal ysi s
after 23h shopedtrizyglofki. a,t)zl% 9 m ns which was identified by HNMR as the
desi red conpound. 20 Exanpl eJ

2-(4,4,5, 5-tetranmet hyl -1, 3, 2- di oxaborpl @an-2-yl)phenol OH ~OB 0 In a
reaction vessel under argon, i Xt ute PdCl ~(dppf) CH-C1Z (0.71 g; 0.85
nmmol) and triethylamne ( 1.8 ny; IR 9 ) in dioxane (20.2 m; dried
over 4th sieves) was seal ed and\stirfed a 80C overnight (18h). After
cooling to roomtenperature, HB(p#nN) (267 m in 30 dioxane; 1.36 M 0.363
mol ), triethylamne (47 m; 0.34 nol) and 2-iodophenol (25.0 g; 0.114 nol)

wer e added and the reactlon m xture was stirred at 80C. GC analysis after
30h - ‘Bhagelof thgmactigysolution had only one strong peak at 13.5 mins which was shown to

be due to the desired product.

10 Example 28

Formation of the hydroxyphenylboronic acid pinacol esters using catalyst
(PdCl,[dppf].CH,Cl,) that had been activated by heating with triethylamine in dioxane prior

to use in the reactions.

15 Formation of 2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenol

OH
4 }i
AN
o]

20 27 mg of PdCl,[dppf].CH,CIl, was placed in a reaction tube under nitrogen together with 4
ml dioxane and 0.45 ml triethylamine. The mixture was heated at 80°C for 17 h to give a
brownish solution. To this solution was then added 224 mg (1.02 mmol) of 2-iodophenol
and 0.4 ml (2.7 mmol) pinacolborane (HB(pin)). The reaction mixture was heated with
stirring to 80°C and was followed by gc and the products identified by gc/ms. The gc

25 solutions were prepared by washing an aliquot of the reaction solution dissolved in ethyl
acetate containing some pinacol with acidified water and then with brine (twice) and dried.
After 2 h reaction, the desired product peak in the gc was of area % 74. The reaction was

complete after 6 h with very little phenylboronic acid pinacol ester formed.

30



showed a peak at 9.2 rains which was identified by "H NVR as the deg ?%f)
conpound. xam | 5-{4,4,5,5-tetranethyl -1, 3, 2-di oxabor ol an-2-yl) - 1H|nd

HN ~ ~ ~OB~ Oln a reaction vessel under argon, a mxture of a

Pdd z(dppf)CH, C12 (3.12 g; 3.8 mmol) and | Otriethylamne (8 m; 57.6
mml ) in dioxane (90 ni; dried over KOH) was sealed and stirred at 80C
overnight (18h). After cooling to rodiitenperature, HB(pin) (205 M in

di oxane; 1.97 M 0.404 nol), triethylamne (46 nm; 0.33 nol) and

5-bronoi ndol e (24.8 g; 0.126 nol) were added and the reaction m xture was
stirred aFoffatfon d83-@nd, s-edudritye,32-dibRatioued-y@phark at 14.2 rains which
was identified by'H NVR as the desi r ed conpound. 15 E3c rr~ple 80

2, 6-di nethyl -4-(4,4,5,5-tetrgppthyl -1, 3, 2-di oxabor ol an-2-yl ) phenol 20 HO ~
~ B~ OlIn a reaction vessel unger argon, m xture of a PdC z(dppf)CH, C, (
1.32 g; | .62 nmml) and trieth -2 ml; 23 mmol) in dioxane (40 n;
dried over 4~ sieves) was seal tirred at 80 C overnight ( 18h).
After cooling to roamtenperat (702 M in dioxane; 1.38 M 0.97
mol ), thiet hyI amne (135 m; O. 97 m)l) and 4 brorm 2, 6di net hyl phenol (65 g;

0. 323 nol re add d and he L& g rr}]f %@Hﬁd t 100

anal ysi s ovidea& O PIOf edusg pP TRAC Gt F?t?
by' H NMR Bén B&nﬁl ﬁlb@ﬁﬁeﬁx@mu&ﬂﬁlea& c fha bs‘vOésm&dra%ﬁé@mﬁ)%
4,4,5,5-Tet ranet 2- (2- met hyl phenyl 2-di oxaborolane CH3 5 - ,0\ /

0~ In a rmctmmtnnt uBlee ammabot ofrnhenblgewmaacrd pinanobesdr ViR Gighet Biah)iCHieQ- 2 (22
ng; 0.027. nd trieth ne (0.36 m; 2.58 nmml) in dioxane (4 m;
dried ovelrom%lf’ fébm\x%fg“'@eﬁ%u and 10 stirred at 80' C overnight (18h).
After ggoling to roomtenperature, HB(pin) (0.19 m; 1.31 mmol) and

2-1 odot ol uene (188 ng; 0.862 rrrmlz wer e added and the reaction m xture was
stirred aForg@ition of3E(hhdlSytsiramethylet.3,28hoxshonsban-2ryPeherolat 6. 45 nmi ns whi ch was
identified by GC/MS as the desired borate conpound. 15 Exanple 82
4,4,5,5-Tetranet hyl - 2- (4- phenoxyphenyl ) -1, 3, 2- di oxabor ol ane

O
/
oL
O

The above reaction procedure used for 2-iodophenol was followed. The reaction was also

15

faster, being again complete before the first sample for gc analysis was withdrawn after 1 h

50 min reaction time. The amount of phenylboronic acid pinacol ester was about that found
20 in the 3-iodophenol reaction. The reaction in which 4-bromophenol is used as substrate is

slower but does go to completion. Pinacolborane prepared in situ from the dimethylsulfide

adduct of borane can also be used with both the 4-bromophenol and 4-iodophenol.

Example 29

25 Reaction of an aryl aldehyde to give the boronic acid ester.

Formation of 3,4-dimethoxy-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzaldehyde
H,CO OCHs4
30 B
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,0\ / ~\ [/ 20 In a reaction tube under nitrogen, a m xture of -6 MAY 2003
Pdd z(dppf) CHzCl, (22 ng; 0.027 mmol) and triethylamne (0.36 m; 2.58

moi ) in dioxane (4 m; dried over 4A sieves) was sealed and stirred at

80' C overnight ( 18h). After cooling to roomtenperature, HB(pin) (0.19 m;
1.31 nmmol ) and 4-bronodi phenyl ether (216 ng; 0.865 mmol) were added and

the reaction 25 m xture was stirred at 80'C. GC analysis after 18h showed a
peak at 13.84 mns which was identified by GO M5 as the desired conpound.

30 ~- 6 MAY ~!~~~ -96 Exanple 83 N
(2-Fluoro-4-(4,4,5,5-tetramet hyl -1, 3, 2- di oxabor ol an- 2-yl ) phenyl ] acet am de F
OB ~ ~ NHCOCH3 O In a reaction tube68nder nitrogen, a m xture of

Pdd 2(dppfjCH, A2 (22 ng; 0.027 mmol) and triethylamne (0.36 nml; 2.58
mmol ) in dioxane (4 m; dried over 4.~ sieves) was sealed and 10 stirred at

80C over ri5ahi of PAGppANCHECI,008! platgd 0a Feaotidr &ibD @hddr wittogellBh@hdded @GnflO M ;
1.31 mmol ) and 4-brono-2-fl uoroacetanilide ( 199. 88@%§% 861 mmol ) were

added andlieygae prch@ 65 ol trigthylaménendeqixre wanheageroat Astogivsfa er 52h
o e R otior? s BB s Y BN 4 iR PG A BboldhE T

conmpound.
2-[4- (4, 495 nfy (5 mAR)BB:iddS4 2-dinephgbabadeRyd¢| RO coacny] Aghdtwls. B O 20
In a reaction tube under hitrogen, a mxture of Pdd z(dppfJCH-Clz (22 ny;
0.027 rimbgtediwithstirringty BATE ard Wes Fwlysed bpecafteridl) h prd te preduets identified dr i ed
over 4A %'y%\é/amss) ’[vfjx%sreasc%%rll %v(zjis %@rgpletc and the product distribution, as gauged by gc peak

areas, was desired product 89 %, dehalogenated species 7 % , starting iodide 1 % and

phenylboronic acid pinacol ester 2 %.

10 Example 30

Formation of the carbethoxyphenylboronic acid pinacol esters using catalyst
(PdCL,[dppf].CH,Cl,) that had been activated by heating with triethylamine in dioxane prior

to use in the reactions.

15 Formation of ethyl 2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzoate

CO,Et
C O
/
N
o}

20 25.5 mg of PACl,[dppf].CH,Cl, was placed in a reaction tube under nitrogen and added 4 ml
dioxane and 0.45 ml triethylamine. The mixture was heated at 80°C for 23 hto give a
brownish solution. To this solution was then added 286 mg (1.04 mmol) of ethyl 2-
iodobenzoate and 0.23 ml (1.6 mmol) pinacolborane. The reaction mixture was heated with
stirring to 80°C for 16.5 h and then analysed by gc and the products identified by ge/ms.

25 The gc solutions were prepared by washing an aliquot of the reaction solution dissolved in
ethyl acetate with water and dried. The reaction was finished, the desired product peak in
the gc had an area of 84% with the only other significant peak being that due to the
dehalogenation product, ethyl benzoate (14 %).

30



stirred at 80C overnight ( 18h). After cooling to roomtenperature, HB(pin
(0.19 m; 1.31 25 mmol) and et hyl - 2- (4- br omophenoxy) acet ate (223 mJ'SONQBIZOM
nmol ) were added and the reaction mxture was stirred at 80C. GC anal ysi s
after 52 h showed a peak at 13.35 rains which was identified by GO M5 as

t he desired conpound. 30 - 6 hlAY "U' -97 Exanple 85

2- (4-Bronophenyl )-4,4,5, 5-tetranet hyl -1, 3, 2-di oxaborolane \ ~O/ \ ar 5 O
In a reaction tube under nitrogen, a MXture of PdC 2(dpp~CH-C12 (22 nmu;
0.027 mmol) and triethylamne (0.36 m; 2.58 nmmol) in dioxane (4 m; dried
over 4~ si'eves) was sealed and stirred at 80' C overni ght (18h). After

cool i ng t oFemmhonefpdyhd-4.¢.5,SHBrphethyl B3, 2g9ligraborol@n2-yObenronte and

1- brono- 4-i odobenzene (244 ny; 0.862 mmol) were added and the reaction

m xture was stirred at roomEtQe®per at ur e. anal ysis after 66h showed a
peak at 8.63 m ns which was ide ied/ &L/ M5 as the desired conpound. 15
Exanple 86 S-(4,4,5,5-Tetranet —382-d aborol an-2-yl ) -1, 3- benzodi oxol e
0,B/ \ o0 20 1In areaction't und itrogen, a m xture of

PdCl 2(dp|gf)CHZClZ (22 nmg; 0.027 mol) and triethylamne (0.36 m; 2.58
mmol) in“distilled 1,2-dichloroethane (4 m) was sealed and stirred at 80'C
over ni ght fnd Mave rdedifi pﬁ@é&uw&ea For' ABNMLEAGURAIIAM Ras tdﬁewem) mé?reé&d?i‘ wasl- 31
25 mmol ) and | -iodo- 3. 4- net hyl enedi oxybenzene (215ng; O. nmol ) were
added and fitished, the desired product peak in the gc had an area of 79% with the only other

significant peak being that due to the dehalogenation product, ethyl benzoate (16 %).

10 Formation of ethyl 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzoate
O
/
Etozc—O—-B\
0O

15 The reaction procedure used for ethyl 2-iodobenzoate was followed. After 80 mins. reaction
time, the yield of product, by gc, was 44 % and the reaction was complete when analysed

after 24 h.

Exa 31

20 Reaction of a phenol with a trialkyl borate prior to its reaction with an HB(OR), type species
so that less of this reagent is required to form the borate ester of the phenol.
In particular, in this example two equivalents of p-iodophenol is reacted with one equivalent
of triethyl borate and the product is then reacted with 2.4 equivalents of pinacolborane. If
the initial reaction with triethyl borate is omitted, at least four equivalents of the borane

25 reagent is required for this reaction to proceed to completion.

Formation of 4-(4,4,5,3-tetramethyl-1,3,2-dioxaborolan-2-yl)phenol

Ho——©~efo
30 %



reaction mxture was stirred at 40'C. GC analysis after |.Z~h shomedd€m§§a5
at 9.54 ms (7.2% which was identified by GO M as the desired conp 003
30 - 6 M~Y 2003 -98 Exam |l p a 87
5-(4,4,5,5-Tetranet hyl -1, 3, 2- di oxaborol an-2-yl )-1, 3-benzodi oxole O o,e / \
/o 5 1In a reaction tube under nitrogen, a m xture of PdC 2(dppf)CHzZC12 (22

ng; 0.027 mmol) and triethylamne (0.36 mM; 2.58 mmol) in distilled

di met hoxyet hane (4 m) was sealed and 10 stirred at 80' C overnight ( 18h).
After cooling to roomtenperature, HB(pin) (0.19 m; 1.31 mmol) and

1-i odo- 3, 4- net hyl enedi oxybenzene (216ng; 0.870 mmvl) were added and the
reaction mxture was stirred at 40" C.70GC anal ysis after 1.25h showed a peak
at 9.61 rains (57.8% which was identified by GO M as the desired

conpound. 1J EXamlie 88

5-(4, 4, 5, Mol 1
T e e e P F R e B e AT

(22 ny; Car@d2717mbbf triethyl bmm@t(ﬂ]ymranli) nEho{ snladonmmivas Ieasd fombh h unldex_taml inehe (4
Aot codtPREPIeE (iiam BNy aribe: Deaenrens s eBnafforpasts dote o tin
rle:ag'??oﬁ ﬁr% g%?gé%%msgt |€§gg&§ﬁ%§%&%%lg%;@§g?§ma% dgqﬁﬂgg’%ﬁgﬁﬁmdt gepeak
at 9. 5% rthemadded 30 mi)ofabiivaked/asalystd GGl ] dpd]. 63,0 sobitias, praparde as deactibed
conpound. m%xample 26, followed by 0.35 ml (2.4 mmol) of pinacolborane. No frothing indicating H,
evolution, which would suggest free phenol groups, was observed. The reaction solution
was then heated at 80°C for 7.5 h before removal of an aliquot for gc analysis. This sample
was washed in ethyl acetate with 10 % brine as described elsewhere. Only two peaks were
10 observed in the gc with retention time longer than 2 minutes and these corresponded to
phenylboronic acid pinacol ester (area approx. 7.5 %) and with the desired product

contributing the remaining area (92.5%).

Example 32
15 2-(1,2-Dimethyl-1-propenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane

t B/O

!
o)

20
In a reaction tube under nitrogen, a mixture of PdCl,(dppf)CH,Cl, (22 mg; 0.027 mmol) and
triethylamine (0.36 ml; 2.58 mmol) in dioxane (4 ml; dried over 4A sieves) was sealed and
stirred at 80°C overnight (18h). After cooling to room temperature, 1.29M HB(pin) in
dioxane (1.00 ml; 1.29 mmol) and 2-bromo-3-methyl-2-butene (131 mg; 0.879 mmol) were
25 added and the reaction mixture was stirred at 80°C. GC analysis after 24 hours showed a

new peak at 5.0 minutes which was identified by GC/MS as the desired borate compound.
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-99 Exanpl e 89
S-(4,4,5,5-Tetranmet hyl - 1, 3, 2- di oxabor ol an-2-yl ) - 1, 3- benzodi oxol e o~ B560MAE 2003
May 2003 In a reaction tube under nitrogen, a m xture of PdC 2(dppf) CHzZC12
(22 nmg; 0.027mmol) and triethylamne (0.36 mM; 2.58 mml) in dioxane (4 mnl;
dried over 4~. sieves) was sealed and stirred at 80C overni ght (18h). After
cooling to room 1o tenperature, HB(pin) (0.19 m; 1.31 mvol) and
1-i odo- 3, 4- net hyl enedi oxybenzene (214-ify: 0.863 mmol) were added and the
reaction m xture was stirred at 40C. GC anal ysis after 1.25h showed a peak
at 9.53 mns (46.1% which was identified by GO M5 as the desired conpound.
15 Exanpl e 4,S, S-Tetranet hyl -1, 3, 2-di oxabor ol an-1-yl )al anine 20 /O
BO NH2 The experinental procedure described in Exanple 76 was repeated
usi ng 3~ broblimethyh&-(4.3 156 -toiradeibyl- Wa2-didxabpioldnetyHy2, AGDH A -pyviRiditel imais .
-100 Exanple 91 6 May 2003 Synthesis of an arylboronic acid ester
possessi ng an active hydrogen aQd £ he coupling of this species with a
second aryl halide in the one pot/ta form.,an asymmetric biaryl. 5 Formation
of N-[ 4- (1, 3- benzodi oxol - 5-yl ) phe ylﬁ@ceta ide H3 10 4-iodoacetanilide (262
myg; 1 nmmol) were reacted at 8 i theQ. 251l (ci, 8 mmol ) of pi nacol borane
in a dioxane solution (5 m) conht&@™nin
m triethylamne. The catal yst had beenf actijvated by heating at 80C for 24h
action solution showed t hat
all the 4 iodoacetanilide had reacted to give The required boronic acid
ester together with sone CH;

0 ’25 M) PdC 2[ dppf]. CHZC12 and 0. 45
in dioxane with'the triethylamne. GC o

10 In a reaction tube under nitrogen, a mixture of PdCl,(dppf)CH,Cl, (22 mg; 0.027 mmol) and
triethylamine (0.36 ml; 2.58 mmol) in dioxane (4 ml; dried over 4A sieves) was sealed and
stirred at 80°C overnight (18 hours). After cooling to room temperature, 1.29M HB(pin) in
dioxane (1.00 ml; 1.29 mmol) and 5-iodo-1,3~dimethyluracil (228 mg; 0.857 mmol) were
added and the reaction mixture was stirred at 80°C. GC analysis after 8 hours showed the

15 desired borate compound at 20.3 minutes.

Example 34
2-(1,2-Dimethyl-1-propenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane

20 >_____/\
B/O

l
o

25 In a reaction tube under nitrogen, a mixture of PACl(dppf)CH,Cl, (21 mg; 0.026 mmol),
triethylamine (0.36 ml; 2.58 mmol), 2-bromo-3-methyl-2-butene (132 mg; 0.886 mmol),
1.29M HB(pin) in dioxane (1.00 ml; 1.29 mmol) and N-methylacetamide (39 mg; 0.53
mmol) in dioxane (4 ml; dried over 4A sieves) was sealed and stirred at 80°C. GC analysis
after 24 hours showed formation of the desired alkenylborate compound which was aiso

30 1dentified by GC/MS.



15 acetanilide and phenyl boroni c acid pinacol ester. After cooling tQ .rQpm
tenperature, 2 m of ethanol were added to the reaction vessel to JA§HW§§ZNB
t he excess pinacol borane. After the liberation of hydrogen had ceased, 450
ng of KZCO3 and 281 ng ( 1 mmol) of 1-io0do3, 4-net hyl enedi oxybenzene were
added and the reaction heated to 80C for 18.5h. GC anal ysis on an al i quot

of the reaction solution showed no aryl boronic acid ester and a 20 strong
peak for the biaryl product at 7.7 mns. Those skilled in the art wll
appreciate that the invention described herein is susceptible to variations
and nodifications other than those specifically described. It is to be

under stood that the invention includeg2all such variations and

nodi fications. The 25 invention also includes all of the steps, features,
conpositions and conpounds referred to or indicated in this specification,

i ndi vi dual Eyarfifle@sl | ectively, and any and all conbinations of any two or

nore of said steps or features. Throughout this specification and the

cl ai ms whi 44,5 ol etoamethilt 2= s2,2 tepheaylviaxh- s berdiaxebotangt her wi se, the word

"conprise”, and variations such as "conprises" and "conprising", wll be
understood to inply the incluBhon ofPha stated integer or step or group of
integers or steps but not the e ion of any other integer or step or

group of integers or steps. The/referepce,to any prior art in this
specification is not, and shoBtid notBBe\tAken as, an 35 acknow edgenent or
any form of suggestion that that prk9r orns part of the comon general
know edge in Australi a. -1 ~I The ¢t ns defining the invention are as
follows: 6 May 2003 1. A process for synt hesi s of an al kene or aryl
borate which conprises reacting: 5 (i) an olefinic conpound having a

hal ogen or hal ogen-like substituent in a vinylic substi'tution position, or
(i) an aromatic ri C ound havi a n | ggen- | substi t uent
inaring Igﬁggﬁtxpﬂlniﬂ%ﬁmggpgptg?ggﬁ,,aglg{}%eé)f gﬁgﬁﬁﬁpﬂ%&%gg&ﬁawﬁé’&mﬂgw g at
| east ope tﬁ%?iah{ih@@tjé%ﬁl'; 9G8a6mbI) ANAibLe 48 FUPISRNSe WANGevRE) WYY and M NO,
imno, to acetyleno, carboxy (including carboxylato), carboximdyl, sulfo,

sul finyl, stimef i 8 dydvernsght {18/ tbr omolingl to reanh tomparatdsd, 1.20M HBdgin) in dyl ,

sul f onohydy.oxi nyl , sul tanmyl, phasphi-nyl, phosphinimdyl, phosphonyl,

i hydr oxy HOSIR LD iy o s BS SR Phosh COpTIe 280 e B PR aDAdSFbnat o)
hydr ohydr BEPIE . ?Bg . h s I i and

ur eyl ene, Q%/%X?(E a ?gu Yé?nlar% e wr%%]% ygr§B$'m£¥g§%§&p¥eﬁs‘°§ﬁ%%%gggg G oup
8- 11 net alnevgpeak yst6.antdmaeswhickbheidontied BUGO/NIBak tik desiredalkeBabaitate | S

i ntroduced at the substitution position. 20 2. A process according to claim
1 wher el ©Ewoandyubst i t ut ed nonohydr oborane is generated by reaction of a

borane with an appropriate al cohol or am ne, and used w thout isolation. 3.
A process according to claim2 wherein the disubstituted nonohydroborane is

25 gener at@niple 36 t U.
Ethyl (2)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2-propenoate

/0 0
o—8 e
\=>‘ NI

In a reaction tube under nitrogen, a mixture of PdClL(dppf)CH,Cl, (22 mg; 0.027 mmol) and

20

25 triethylamine (0.36 ml; 2.58 mmol) in dioxane (4 ml; dried over 4A sieves) was sealed and
stirred at 80°C overnight (18h). After cooling to room temperature, 1.29M HB(pin) in
dioxane (1.00 mi; 1.29 mmol) and ethyl cis-3-iodoacrylate (193 mg; 0.854 mmol) were
added and the reaction mixture was stirred at 80°C. GC analysis after 24 hours showed the
desired borate compound at 8.4 minutes. GC/MS found [M-Et]".
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4. A process according to claim2 or claim3 wherein the borane is a

pol yhydr oborane. 30 5. A process according to claim4 wherein the -6 MAY 2003
pol yhydr oborane is sel ected from sul phi de and et her adducts of BH3. -'s
M-aY 2003 - 102 6. A process according to claim5 wherein the

pol yhydr oborane is selected from BH3. S(CH3) 2, BH3. THF and

BH3. 1, 4-oxat hiane. 7. A process for covalently coupling organi c conpounds
whi ch conprises: 5 (A) preparing an al kene or aryl borate by reacting (i)
an ol efinic compound having a hal ogen or hal ogen-1ike substituent in a
vinylic coupling position, or 10 (ii) an aromatic ring conpound having a
hal ogen or hal ogen-like substituent ig3a ring coupling position, said
aromatic ring conpound al so havi ng at Feast one substituent which is

sel ected fromthe group consisting of hydroxy, am no, imno, acetyleno,
car boxy (igagl qg car boxyl ato), carboximdyl, sulfo) 15 sulfinyl)
sulfinim . i nohydr oxi nyl, sul fonimdyl, sulfondiimdyl,

sul f onohy d4,8)5i Y étransathl@tenyiPh9 s piidxakbrolgieosphi ni m dyl , phosphonyl,

di hydr oxyphosphanyl, hydroxyphosphanyl) phosphono (i ncludi ng phosphonat o),
hydr ohydr oxyphosphoryl, all ophanyl) guanijdi no, hydantoyl, ureido) and

ureyl ene, 20 with a disubstiyated nond gborane, in the presence of a
Goup 8-11 netal catal yst ag >ui-igabl efbase) such that borane residue is
i ntroduced at said coupling ion\_anf (B) reacting the al kene or aryl

borate with an organi ¢ conpound havidﬁ \al ogen or 2~ hal ogen-1i ke
substituent at a coupling position in the presence of a Goup 8-11 netal

catal yst and a suitabl e .base, whereby t i ni omafic rin
corpound 118 2eReTPR ARSI S1Es i TR AL ARDE L2 B8 Erbnd he
respect i vearig@yRhing0BeTht 238 mmaPirtdiotnR (P RS @rGRF dANGevES) Wwdsabiled aher ei n
t he di substituted nonohydroborane is generated by reaction of a borane with
an appr oprstiaree at$ & Croykrnaght GrBhph e\ fter cooling to room temperature, 1.29M HB(pin) in
10 dioxane (1.00 ml; 1.29 mmol) and phenyl trifluoromethanesulfonate (197 mg; 0.871 mmol)
were added and the reaction mixture was stirred at 80°C, GC analysis after 4 days showed a
new peak at 7.4 minutes which was identified by GC/MS as the desired phenylborate

compound.

15 Example 38
5-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)-1,3-benzodioxole

k o)
20

0

In a reaction tube under nitrogen, a mixture of PdClL(dppf)CH,Cl, (22 mg; 0.027 mmol) and
triethylamine (0.36 ml; 2.58 mmol) in dioxane (4 ml; dried over 4A sieves) was sealed and
stirred at 80°C overnight (18h). After cooling to room temperature, HB(pin) (0.18 ml; 1.24
25 mmol), 1-iodo-3,4-methylenedioxybenzene (216 mg; 0.871 mmol) and N-methylacetamide
(39 mg; 0.56 mmol) were added and the reaction mixture was stirred at 80°C. GC analysis
after 30 minutes showed a new peak at 11.1 minutes (51%) which was identified by GC/MS

as the desired arylborate compound.
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- 6 MAY 2003 -103 9. A process according to claim8 wherein the borane is a
pol yhydr oborane. 10. A process according to claim7 or claim3$8 conduet@qqu12mB
a single pot. 5 11. A process according to claim 10 wherein after
preparation of the al kene or aryl 'uorate, excess disubstituted

nonohydr oborane i s deconposed by adding a suitable proton donor conpound.
12. A process according to claim 11l wherein the proton donor conpound is
selected 10 fromwater, alcohols, acids and m xtures thereof. 13. A process
according to claim7 for the preparation of symetrical coupled products
wherein said di substituted nonohydroborane is contacted with two
equi val ents of said olefinic or aronatbﬁ_ring conpound to form an al kene or
aryl borate, which borate reacts 15 with the renmaining olefinic or aromatic
conmpound to forma symretrical coupled product. 14. A process according to
claim 10 or. cl ai 3 wherein a second base is added after the formation of

t he alkeneﬁgﬁn§#£¥fborate to catal yse or pronote the coupling reaction. 20
15. A pr oc @&yl Acmemekyn9-(4,2,503-2kdiméthiph e RS- diokdRralaganibesRaROUNd having a
hal ogen or hal ogen-like substituent at a coupling position is different
fromthe olefinic or aromati cOEt ng conpound such that the coupled product
is unsymmetrical. 16. A ¢ss according to claim1 or claim7 wherein the
ol eftnic compound (i) is a 2% conpound of fornmula | R /ai \C/C 1| Et; 30
where R 5 Rz and R3 are each jFeRgpendestl el ected from hydrogen, . al kyl,

al kenyl, alkyr.:~l, aryl, he acy], arylal kyl and heteroaryl al kyl
(each of which may be - 6 N

In a reaction tube under nitrogen, a mixture of PdCl,(dppf)CH,Cl, (24 mg; 0.029 mmol) and
10 triethylamine (0.36 ml; 2.58 mmol) in dioxane (4 ml; dried over 4A sieves) was sealed and
stirred at 80°C overnight (18h). After cooling to room temperature, HB(pin) (0.18 ml; 1.24
mmol) and ethyl 3-iodo-4-methoxybenzoate (266 mg; 0.869 mmol) were added and the
reaction mixture was stirred at 80°C. GC analysis after 3 days showed a new peak at 14.6

minutes which was identified by GC/MS as the desired arylborate compound.
15

Example 40
4.4.5,5-Tetramethyl-2-(2-thienyl)-1,3,2-dioxaborolane

| N\ o
St

In a reaction tube under nitrogen, a mixture of PdCl(dppf)CH,Cl, (21 mg; 0.026 mmol) and
triethylamine (0.36 ml; 2.58 mmol) in dioxane (4 ml; dried over 4A sieves) was sealed and
25 stirred at 80°C overnight (18h). After cooling to room temperature, HB(pin) (0.18 ml; 1.24
mmol) and 2-iodothiophene (177 mg; 0.843 mmol) were added and the reaction mixture was
stirred at 80°C. GC analysis after 3 days showed a new peak at 7.4 minutes which was

identified by GC/MS as the desired heterocyclic borate compound.
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- 104 optionally substituted), cyano) isocyano, fornyl, carboxyl) nlth
hal o, al koxy, al kenoxy, aryl oxy, benzyl oxy, hal oal koxy, haloalkenyloﬁy AY 2003
hal oaryl oxy) nitroal kyl) nitroal kenyl, nitroal kynyl) arylam no,

di aryl am no, di benzyl am no) al kenyl acyl, al kynyl acyl, arylacyl, acylam no,
di acyl am no, acyl oxy, al kyl sul phonyl oxy) aryl sul phenyl oxy) heterocycl oxy, 5
aryl sul phenyl, carboal koxy, carboaryl oxy, alkylthio) benzylthio, acylthio,
sul phonam de, sul fanyl, sulfo) carboxy (including carboxylato), carbanoyl,
car boxi m dyl, sulfinyl, sulfinimdyl, sulfinohydroxinyl, sulfonimdyl,

sul fondi i m dyl , sulfonohydrOX|nyI sulfanyl phosphorous cont ai ni ng groups
(i ncl udi ng phosphi nyl phosphlnlnldyt phosphonyl di hydr oxyphosphanyl ,

hydr oxyphosphanyl ) phosphone (including 10 phosphonato) and

hydr ohydr oxyphosphoryl ), al koxysilyl, silyl, alkylsilyl, alkylalkoxysilyl,
phenoxysi |Edampié ki1 phenoxysi |l yl, al koxyphenoxy silyl and aryl phenoxy silyl
17. A process ac rdin i m.7 wherein fhe al kene or aryl borate is

i sol ated pY 44‘515 g‘itfﬁgn&%abgr‘il% :l)gla bE"%?SFPﬁB&nd 18. A process
according to claim1 or claim7 wherein the olefm c conmpound having a

hal ogen-like substituent in a pa=ylic sybstitution position is prepared
froma conpound having a car orog? h a ~3-hydrogen. 20 19. A

process for the synthesi sOol or faryl borate which conprises
reacting: (i) an olefinicfco halogen or hal ogen-1Iike
substituent in a vinylic SuRs titution position, or 2~ (~i) an aromatic ring
conpound havi ng a hal ogen or hal ogen-Ili ke substituent in a ring

substi t ut ilna rguedo tuba under hiteogen, surbisdire of BACIHdppH@HICIH @3amng; 0.028 mhwl)pr esence

of a Goup.8-11 petal catal st) a snt abl e base and a pronoter such that
2 bor ane. Reghtiamedd AN oHoY Bl HBMS UL k] OIS TPOEA- B N AY [ o

- 105 20, hOARSS e?&&%r(gléqﬂgt@s‘? i m)%%ld"t@?\f @it SHOY

am de. proces according“to ¢ wher el n € pronoter és sel ect ed

from pi mdmﬁ@lt) andibke (5 atairkdidveded sieea) amb skaladrgd btired hyg0 acetamhigsis 5 22.
A process according to any one of clains 1, 7 or 19 wherein the G oup 8-11
metal cat aftgrsd4 hosrgshowed thedeagtion wos semmpletseand the dosisediarybosate eampaund had

nonohydroggn&ﬁzp Iﬁﬂgé#gf%ggn&%%h the catal yst. 10 23. A process according

to claim rva |on is achi eved by heating the catal yst
with the base. 24. A process according to claim22 wherein the bases)

i ncl udes an organic am ne. 15 25. A process according to claiml1l or claim?7
wher ei n tﬁéﬂﬁagﬁﬁydroborane is a conpound of forrmula: (~)zB-H 20 where each

Xis i q%eg%nﬁjsqteh&ngﬁgg%ﬁﬁeq‘ ’3@(@ x:%%o?d?%xeNR' where R' is H, optionally

substituted’™ark su Sd aryl and each Ris
i ndependent |y selected fromoptionally substituted al kyl and optionally

substituted aryl or where -?%%S)z reéijff%ts a cyclic group of fornula I
[ X~ v

20
In a reaction tube under nitrogen, a mixture of PdCl,(dppf)CH,Cl, (22 mg; 0.027 mmol),
triethylamine (0.36 ml; 2.58 mmol), HB(pin) (0.19 ml; 1.31 mmol), phenyl
trifluoromethanesulfonate (192 mg; 0.849 mmol) and acetanilide (61 mg; 0.45 mmol) in
dioxane (4.5 ml; dried over 4A sieves) was sealed and stirred at 80°C. GC analysis after 24
25 hours shows the reaction to be complete and having formed the desired arylborate compound

(new peak at 7.5 minutes).
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BR v~1I1I Xwhere Ris optionally substituted al kyl ene, aryl ene or q%&;r
di val ent group conprising |inked aliphatic or aromatic noieties and & a7 2003
defined above. 30 2G A process according to claim25 wherein the

di substi tuted nonohydroborane is a - 6 M-1Y 2003 - 106 di al koxy

hydr oborane. 27. A process according to claim23 wherein the

di al koxynonohydr oborane is selected from 4, 4-di net hyl -1, 3, 2-di oxabori nane,
4,4,6-trinmethyl -1, 3, 2-di oxaborinane) 4,4,6,6 5

tetramet hyl - 1, 3, 2- di oxabori nane, 4, 4-dinetr;~?-1, 3, 2-di oxabor ol ane,
4,4,5-trimethyl -1, 3, 2di oxaborol ane, _-._

4,4,5 5-tetranmet hyl -1, 3, 2-di oxabor ol ane, 4-phenyl -1, 3, 2-di oxabori nane,

npr opanedi ol borane (1, 3, 2-di oxabori nane), 5, 5-dinethyl-I, 3, 2=di oxabori nane)
(4R, SR) -4, 5bi s( 1- met hoxy- 1- net hyl et hyl ) -1, 3, 2- di oxabor ol ane,
(4S, 59) -4E§&E%l€—ﬁrret hoxy- 1met hyl et hyl ) - 1, 3, 2- di oxabor ol ane,

di napht nof 2cle e L1 2% ELARSABRESALIED o MBoRland 4 10

di met hyl - 5-pheny or ol

(4S, 5S) - 3, 4-di net hyl - 5- phenyl -1, 3,@ oxazaborol i di ne,

(4R, 5R) - 3-1 sopropyl - 4- met hyl - 5-p 312- oxazabor ol i di ne,
(4S, 5S) - 3i sopr opyl - 4- et hyl - 54 pheRyl - | /" 3~3<0xazabor ol i di ne,
(4R 5R) 54, 5-di met hyl - 1, 32T abo ot e,
(4S, 5S) -4, 5-di et hyl -1, 3, 2- di ¥xalfor ol ag
(4R, 5R) - 4, 5-di phenyl -1, 3, 2di oxabokol ane,
(4S, 55) - 4, 5- di phenyl -1, 3, 2- di oxabdt'ol ane, (4S)-4-(nethoxynethyl)-1,3,2 15
di oxabor ol ane, (4R)-4- (rret hoxynet hyl ) -1, 3, 2- di oxabor ol ane, tet rahydro 3aH
cycl opentia[ dl. [. | 2 0% I.old~di n

Yo O Blatbackioh nihi ik FRBA %gwgée@ﬁwg&pp%éq REAETRY; 9028 iBol) and
(6S)-4, 4,tﬁcﬂ1glaﬂﬁ‘ﬁfmo| 341mB QMdm&gb@moﬂ&rbe(Q shak digd 60erld Bsidanaadiarabmgol e,
(4R, 5R) - 4, 5- bi s( net hoxynet h 3, 2- di oxabor ol ane,

(4S, 55)0 45ti5!19d 8( &Qaﬂm;mmt mﬁ%x)) Afte cpolingieabem detaperature, HB(pin) (0.19 ml; 1.31

(4R, 5R) -4 cl 0, or.ol 20 . .

(4S, 5S) - ﬂv@é ngﬁg@/PWid éy g‘%4 ég’g SFigpRieReitzene (267 mg; 0.869 mmol) in

(5R) -4, 4- BRI, iR BRQEAUBA Snixture w

(59)-4,4 cglél) met %Ik ng phenyl eﬁj&% e%e%l oxabor ol aﬁgm ture was stirred at 80°C. GC

(4R) - 4- plannlykis 2ft& 8 lmmss’hbmdamewq{eék 4t IRonmimetes which was identified by GC/MS

(4S) - 4- phenyl - 1, 3- di gxa- 2- bor aspi r o[ 4. 4] nonane,

(4S, 59) - Asthesfesiradray W?:Wpﬁﬁ%‘at yl)-1, 3, 2- di oxabor ol ane,

(4R, 5F?54 5-bi s(I-nmet hoxycycl opentyl)-1, 3, 2di oxabor ol ane, dii sopropyl
(4S,5S)-1, 3, 2-di oxabor ol ane- 4, 5-di car boxyl ate, diisopropyl 25

(4R, 5R) - Exaniladbxabor ol ane- 4, 5- di car baxyl at e,

(1R 25, 03,400 10 2Ll 0 DYl G5 RSN s Tl Brfin ) Bhodigyg o1 5-2 1.0 e
| 0, 10-tri net hyl - 6- phenyl 3, 5di oxa-4-boratricycl o[ 5. 2. 1. 0' 6] decane,

(3aR) - 3a- net hyl - 3, 3-di ( 2- napht hyl }te rahyd?o 3H yrrolo[l 2-c][1, 3, 2] oxazabo
rol e, (3aS)-3a-nethyl-3, 3-di na 1) te

1, 3, 2] %Eazaborol e, (3aRy:CRCENg @ )t trahydro 3 Hpyrrol o[ 1,2 ;0
c][I ] oxazaborol e, (3a.S~-3, 3-) -naphj t et rahydro- 3H pyrrolo[l 2 c]
[ 1,3 2] oxazaborol e, (4S, SSL bas[ (4R) - 2, i met hyl -1, 3-di oxol an-4-yl] -

Il ,3,2 - ~ ~~~Y c003 -10~"7 abor ol ane,

(4R, SR) -4, 5-bi s[ (4S) - 2, 2- dlnethyl 1, 3- di oxol an- 4- yI] 1,3, 2- dioxaborolane

|(}2R)1_ 21 333 §Esﬁ§%‘8{‘ &Ib%ZR) gdhréogdénoé‘%? e o] f . (51 S 00287305 b 4y

(2S) - 2- { (ABRKYRhicRs ([0(32;% .44 xﬂm@pgaﬁ Biok&ed2 3] HE Giridd Bldr4& Sevd) o«é@&@l&laaa 4-yl
}- 1, 4- di oxaspi r o[ 4. 5] decane, SS) -1V, N~NSNS—tetrarreth | -1

di oxabd¥ cshanéaﬂi}(Bchveang}mkmh)d@fter cooling to room temperature, HB(pin) (0 31 ml 2 14

(TR, 2 68mR) v gted BlIREE Y Pg| Aoty OPES RO b 0aPReTAT and
(1S, 2S, 6R, §Rafe ?" i rdd'{gﬁtob/w 4}35év5y) ?ép%CﬁBlrl hﬁXtﬁJ’eq[vg sngred iy Q@@‘J ggcane.

10 28. A process accor g to any ohe o alns 1, wherein the
G oup 8- Jabahm&aﬁexcmlaiwﬁhommamma}t\ml@t mmutcE&:IwthE)waAlctcmﬁassy &cxMdsdi ng

to claim28 wherein the catal is a palladiumcatalyst.
as the destred arylborate comp un
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15 30. A process according to claim?29 wherein the palladi um cat al ysé I“'IAS( %03
pal | adi um conpl ex. 31. A process according to claim30 wherein the

pal | adi um conpl ex is selected from Pd3(dba)3) Pdd z) Pd(OAc) z,

Pdd 2(dppf) CHzZC12, Pd(PPh3)4 and rel ated catal ysts which are 20 conpl exes

of phosphine |igands) phosphite |igands, or other suitable |igands
containing P and/or N atons for co-ordinating the platinumatons. 32. A
process according to claim30 wherein the palladiumconplex is tethered on

a solid support. 25 33. A process according to claim29 wherein the

pal | adi um catal yst is selected from pal | adi um bl ack) pal | adi um or carbon,

pal | adi um cl usters, palladi um cl ust erd-cont ai ni ng other netals and

pal | adiumin porous glass. 30 34. A process according to claim 28 wherein
the Goup 8-1 1 nmetal catalyst is a platirn~m catal yst. -108 6 May 2003
35. A proEeamspladéording to claim 28 wherein the Goup 8-11 netal catalyst

is nickel catalyst. 36. A pro s,.accordin 0o, claim7 wherein the suitable
base for B‘Eﬁwﬂr‘r{é=455t:%&fr§nf5§w%ﬁ§§r%’f Fofdy yﬁ)ﬁEe BsHha88Rsi sting of aryl
and al kyl carboxyl ates, fluorides, hydroxides and carbonates of Li, Na, K
Rbo, Cs, ammonium al kyl ammonoum Ng=Ca andgBai phosphates, and

aryl phosphates of Li, Na, K W phosphat e esters of Li, Na, K Rb
and Cs, _phenoxi des of Li, (gd alfkoxi des of Li, Na, K Rb and

Cs; and’t hal I i um hydr oxi d proce claim7 wherein the

sui tabl e base for the co y step is selected from caesi um carbonat e,

pot assi um car bonate, pot & phosphate and al kali netal hydroxides. 15
38. A process of claim?7 erein one of said olefinic or aromati c conpound,

SRR R e MER VR I AR G
oo A3 1 8, P 5 SOUCURLI 6t 0 IS LARRL

aryl bog adticred aePA A cALED (IBhN G fted cbdlgR6 d68A Ser@perftln@d] HBpin ®. Waml; A 3r ocess
for prepari ng aryl or al kene boronic acids including the step of subjecting

an al kenemwplarasiaddest iallewed by4-hromabenzogherane 4233ms; 0.860 mmaby ipsioxane 645 t he

synt hesi s_pf, .an _al kene or, aryl_ horate .whic [ . eacting: (L) an
ol efinic 'EgHBSé}ﬂﬂerE‘%/?lﬁvﬁs)amﬁé?eorﬁ%rtllog Ha %g’é’%-& ﬁflea%gtéjbcgtqi(g E‘éagr"f“% eéqgi nylic
substi t utfoRrs Meted a@Bw pedk at 17 DQRinutes which was identified by GC/MS as the desired

arylborate compound.

15
Example 46
4.4.5,5-Tetramethyl-2-(2,4,6-trimethoxyphenyl)-1,3,2-dioxaborolane
OCH;
/O
20 H:,CO‘QB i
\
0
OCH,

In a reaction tube under nitrogen, a mixture of PACl,(dppf)CH,C}, (21 mg; 0.026 mmol) and
triethylamine (0.34 ml; 2.44 mmol) in dioxane (2.5 ml; dried over 4A sieves) was sealed and
25 stirred at 80°C overnight (18h). After cooling to room temperature, HB(pin) (0.19 mi; 1.31
mmol) was added followed by [-iodo-2,4,6-trimethoxybenzene (253 mg; 0.861 mmol) in
dioxane (2.5 ml; dried over 4A sieves) and the reaction mixture was stirred at 80°C. GC
analysis after 18 hours showed a single new peak at 14.2 minutes which was identified by

GC/MS as the desired arylborate compound.



6 May 2003 (ii) an aromatic ring conmpound having a hal ogen or halqggnﬂhygﬁn3
substituent in a ring substitution position, with a disubstituted -
nonohydr oborane, in the presence of a Goup 8-11 netal 5 catalyst and a

sui tabl e base, such that a borane residue is introduced at the substitution
position wherein the Goup 8-11 netal catalyst is activated by treatnent
with an organic amne prior to contacting of the disubstituted
nonohydroborane with the 1 o catalyst. 44. A process according to claim43
wherein the treatnent with the organic amne is conducted by heating the
catalyst with the organic amne. 15 45. A disubstituted nonohydroborane

sel ected fromthe group consisting of8-

(4S) 4- (et hoxynet hyl ) -1, 3, 2- di oxabor ol ane, (4R)-4-(nethoxynethyl)-1,3,2

di oxabor ol ane, tetrahydro-3aH cycl openta[d][1, 3, 2]di oxaborol e,

(4R, SR) - 42£mmﬂgﬂﬂ ohexyl 1, 3, 2- di oxabor ol ane,

Egg) SAS,) 4% 6@ ﬂg%‘ﬁ hex}g,ﬂg;}enil)é zgg gxabor Olyi-ﬁgh?e dioxaborolane

(SS) -4, 4-di net hyl - 5- phenyl 1, 3,2 20 di oxaborol ane,
(4R)-4-pheny|-1,3-dioxa bora pLLO[ 4, 4kpo ape,
(4S) - 4- phenyl -1, 3di oxa- 2- bor ag 4,4 ,
(4S, SS).- 4, 5- bi s(1- netho%¢39 A, 3, di oxaborol ane, -

(4R, SR f 4, 5-bi s(1- nethoxycycIOn-- yI)-ho - di oxabor ol ane, dii sopropyl
(4S, SS) -1, 3, 2-di oxabor ol ane;,4/5- di car boxylVate, diisopropyl

(4R, SR) - 1, 3, 2di oxabor ol ane- ﬂ - di car boxyl at e,

(1R, 2S, 6S,7S)-1,10,10-tri net hyl - 6- phenyl -3,5 25

di oxa- 4- ratrlcyclo 5,2,.1,02" 6] decane

(18- 5R 6 ApetorEabartnie HHESTy F TeN B Al Ok GRS HRCh G485 SAPBED 891, 026]
decane, )ﬁnﬁ‘lﬂ ?ﬁ{%l 34 43mflo )2m RERAROY. 9 L ldrRANIEY B bleves) was sealed and
pyrrolo[1, 2-c 2 oxazaboro

(3a. S103stirreitdn 0 -CBo&ndglﬁtZ-lMphfthy&dohﬁg toadogartempédature, HB(pin) (0.19 mi; 1.31

pyrrolo[l 2- c][l 3, 2 oxazabor
(4S, SS) - mmplhyay add oz&ébhéﬂn%ﬂn@bfmm&mﬁwlbﬁquc;KZ13,5 mgi0 8QApuRad) ine,

(14§ gl:%l éi)c()g%rg r [5( 4[S )dngd gve(xj' K% suméls) ghd%hedrlegé n%xtdhré/ w]as g’tmed at 80°C. GC

(2R) - 2- {éxf'a@sﬁ%)freéiﬂﬁaﬂsﬂov&d@ & Réw Bk, a'é]maemauﬁéblwhichau%qu&ﬁmrwl an-4-yl
}-1, 4- dloxasp|r0[4 5] decane, (2S)-2-{(4R SR)-5-[(2S)-
di oxaspi @MS%M@HWE]I}'IDOGWCMM orol an-4-yl }-1, 4- d| oxaspi r o[ 4, 5] decane

, (4S1 S) - , NS, | VS-t etranet hyl -110
1, 3, 2- ioxaborolane-4,5-dicarboxanide and G May 2003
(4R 5R) - Exglup¥d 4B~ N -tetranethyl -1, 3,2 di oxabor ol ane- 4, 5-di car boxam de. 5

2-(2,4-Dimethoxyphenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane

e

o)
/
H4CO B
\

o)
OCH,

20

In a reaction tube under nitrogen, a mixture of PdCl,(dppf)CH,Cl, (21 mg; 0.026 mmol) and
triethylamine (0.34 ml; 2.44 mmol) in dioxane (2.5 ml; dried over 4A sieves) was sealed and
25 stirred at 80°C overnight (18h). After cooling to room temperature, HB(pin) (0.19 ml; 1.31
mmol) was added followed by 1-iodo-2,4-dimethoxybenzene (227 mg; 0.860 mmol) in
dioxane (2.5 ml; dried over 4A sieves) and the reaction mixture was stirred at 80°C. GC
analysis after 2 days showed a new peak at 11.0 minutes which was identified by GC/MS as

the destred arylborate compound.
30



46. An al kene or aryl borate selected fromthe group consisting of_ M

4- met hoxy-3(4, 4,5, 5-tetranet hyl -1, 3, 2- di oxabor ol an-2-yl ) benzoi c acig, AY 2003
4- Hydr oxy-3-(4,4,5,5 tetranet hyl -1, 3, 2- di oxabor ol an- 2-yl ) phenyl al ani ne,
3-(4,4,5, S Tetranet hyl -1, 3, 2 di oxaborol an-2-yl ) benzoi ¢ aci d,

3-Methyl -4-(4,4,5,5-tetranet hyl -1, 3, 2-di oxaborol an-2 yl ) benzoi c aci d,

5- (4- Phenyl - 1, 3, 2- di oxabor ol an- 2-yl ) - 1, 3- benzodi oxol e,

(4, 5Di nethyl-1,3,2-dioxaborolan-2-y1Sll,s-benzodioxole,

4, 5- bi phenyl -1, 3,2 10 di oxaborol an-2-yl)-1, 3- benzodi oxol e,

4- (Met hoxynet hyl ) -1, 3, 2- di oxabor ol an-2-yl] 1, 3-benzodi oxol e,

et rahyd clopenta[d] [ 1,3, 2]dioxaborol-2-yl-1,3 benzodi oxol e,

(

[

L

gji o, cTEerREvRy | PR A AR 3 P95 R, ot ool e
2S,

, 3- Benzodi oxol -5-yl)-3 15 20 25 30 nethyl -1, 3, 2-oxazaborolidine, 2-[( 1

6R, 8S)-2,9, 9-Tri net hyl - 3, 5- di oxg- 4bqg atricycl0[6,1,1,026]dec-4-y|]benz
nitrile, (
S, 2S, 6R_8S) - 4- (4- Met hoxy- 2met hyl phepyl )

icyclo(6§1,1,026]decane, 2,6Ejnethox9ﬁ§/?
S, 2S,6R, 85)-2,9,9-trinethyl -3, 5-di oxa-[4- boratricyclo[6,1,1,02'6]dec-4y|]pyr
i di ne, OCHa,
(1S, 2S, 6R, 8S)-2,9, 9-Tri net hyl - 4 i et hoxyphenyl ) - 3, 5- di oxa- 4boratr
cycl o[ 6, 1,1, 0z' 6] decane,
(1S, 2S, 6R, 8S) - 4- ( 2- Met hoxyphenyl )
,1,1,02" 6] decane, ( 1

, 2S,6R,85)-2,9,9-Trinmethyl -4-[2(trifluoronethyl)phenyl]-3,5-di oxa-4-boratr
i cycl o[ 601Inla ﬁ:Zﬁ]ouiecbrnmder nitrogen, a mixture of PdCl,(dppf)CH Cl, (21 mg; 0.026 mmol) and

S, 2

icy

g_lf (2)§ gF d8 gd’ ﬁé{m gy‘h mmg)F) maloxxnep aeSnx}ﬂ dned over 49\X81eves)b\9vgsa;[e;fe8ycé oL6,
1R 2R, 6S, 8&"%1 a?ﬁ@CTéJeﬁﬁélHXigrS Rkl Q¥Ragrot0sRthpershi Pntpity B4 Phflac4-yI1b

enzonitrile

R 2R, 6S, 8 Rnmbl) was\titdfojloRedrby Ihybcimé-mdtl)ox? nﬁplﬁhalener(enhmg, 08.862 araxinind
boratricycl o[ 6, 1 1, OZG]decane 6- Di net hoxy- 3=

1R 2R 6S, ghpxaned24 ml dried oxer 44, Sﬁ‘d’Fﬁ)@Qd measzro&pnm@reow stirred @y 89 Yo GQ- y| | pyr

i di ne,

(1R 2R, é% %m)lxsbs a&e ‘é@ ‘ikrl)l{sr% y t-h 3(1 Esﬁlrif,clﬂl??mntgf ﬂ%‘)?y%ﬁiear%%f ’%‘“E““'é. oxa- 4-boratri

cyclo[ 6,1, 1, 0Z6] decane,

(1R 2R, 6S, 8R) - 4- (2Met hoxyphenyl )-2,9,9-tri net hyl - 3, 5-di oxa- 4-boratricycl o[ 6

, 1,1, 026] 1R, 2R 6S, 8R) _ _

S 2i L B raoptienyi) 4las, 31 RAARRIH S 8 Horotane ol 0xa- boratricyclo[ 6,1, 1

klR,ZR 65;5&@ 2, 9 9 Trinethyl 4-(2- nethylphenyl) 3, 5di oxa- 4- boratricyclo[6,

1,1, 026 decane 5- Tet r amet hyl - 2- di oxabor ol an- 2yl ) pheno

4. (4, 4,8054; étﬂﬁ%atrm\xlﬂ 33,44, M%law&ygn% 322 droxannsian-2-yhphemylint Sroxy -

(4,4,5,5 tﬁ%&g&ﬁ%@*&t% ? 2- di oxabor ol an- 2-yl ) benzal dehyde, 5 10 15 20 25
y

5-
5-
5-
5-
5-
5-
2-
S,
(0]
1

2, 9 9-trinet hyl -3, 5-di oxa-4-boratr

2,979-trinmethyl -3, 5di oxa-4-boratricyclo[6

2- (4,4,5 5- tetranethyl 1, 3, 2- di oxaborol an- 2-yl ) benzodt e, Ethyl

3-(4,4,5, 5tetranet hyl - 1,3,2-dioxaboro|an ben;@

1,3-Dinmethyl -5-(4,4,5,5-tetrapet hyl -1, 3,§ poBol an. 2- yl)-2,4(1H, 3H) - pyri
m di nedi one, Et hy, 0 \b

4- met hoxy- 3- (4, 4/ d&ret hyl - 1, 3, 2- di oxaboy ol an- 2/ yN) benzoat e,
4,4,5,52Fetraneth y (2,‘O i chl or ophenyl ) - 8-3p2- di oxabor ol ane, Met hyl

2- (acetylam no)-5-(4,4, 5, 5-tétranet hyl 1, 3, 2-4i bor ol an- 2-yl ) benzoat e,
Phenyl [ 4- (4, 4,5, 5- tetﬁanethyl 1, 3, 2-di oxaboro | ) phenyl ] met hanone,

4, 4,5, 5- Tetranethyl 2-(2, 4, 6- trinethoxyphen -1, 3, 2di oxabor ol ane,

2- (2- Met hoxy- 1- naphthyl) 4,4,5 5-tetranet hyl -1, 3, 2-di oxabor ol ane,

2- (ZBronDphenyI) 4 4,5, 5-tetranmethyl -1, 3, 2-di oxabor ol ane,

]41 ?_" g: g '(Ij'le g:g%, h é l.Lnng:r4 mtd?ogénSatmelgttru?e otI Ihdglz((};ﬂp%(%—l gl Oé?%?gr; %l O%% rr%mglg )m%] enyl
3-(4 SM}@MQW 341m:§ 7244%%%%94@5& @Y hl;,ReRE¥VAH D Seves) was sealed and
4,4,5,5 Tetranethyl

stirred at 80°C ovemlght (18h) After cooling to room temperature, HB(pin) (0.19 ml; 1.31



et ranmet hoxyphenyl ) =1, 3, 2- di oxabor ol ane, N

2- Met hyl -4-(4, 4,5, 5- tetranethyl 1, 3, 2 di oxaborol an- 2-yl ) phenyl ] acet M, 2003
6- Met hoxy- 2- napht hyl )-4, 4,5, 5-tetranet hyl 1, 3, 2- di oxabor ol ane,

- Di met hoxy-5-(4, 4,5,5-tetranet hyl -1, 3, 2-di oxabor ol an- 2yl ) pyri m di ne,
2-Fluoro[1,1'-biphenyl] 4-yl)-4,4,5 5-tetranethyl -1, 3, 2-di oxabor ol ane,

4- Met hoxy- napht hyl )-4,4,5, 5- tetranethyl 1, 3, 2- di oxabor ol ane,
4-(4,4,5,5Tetranet hyl - 1, 3, 2- di oxab®? ol an- 2-yl ) phenyl ] -1, 3-t hi azol - 2-ami n

4

n

t

[

2- (
2,4
2-(
2- (
4-[
e, 4,4,5 5-Tetranmethyl -2(4- { [(E~-3-nethyl-1-butenyl]oxy}
phenyl ) -1, 3, 2- di oxabor ol ane,
1-[4' - (4, MQBmsmthbybw&d By P-brtinoocahodebeanzerie-@#) fng; 0.866 mmol) in dioxane
1, 1' - bi phenyl ]1-4-yl] t hanone,

3- Br ono- 6(4; 41k d5gd eYerré 1¢¥5)- afdghezteeﬁt@ﬁmesw& Was stirgedyat 81 Co 4G anadysis after
6-

2-

2-

5-

2

5-

4

[

oy 255 SEEE D oS Y GteR R o el R B0 R, o)
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Example 57
4.4,5,5-Tetramethyl-2-(3-thienyl)-1,3,2-dioxaborolane

5 /B/o
s/

o)

In a reaction tube under nitrogen, a mixture of PdCl,(dppf)CH,Cl, (21 mg; 0.026 mmol) and
10 triethylamine (0.34 ml; 2.44 mmol) in dioxane (2.5 ml; dried over 4A sieves) was sealed and
stirred at 80°C overnight (18h). After cooling to room temperature, HB(pin) (0.19 mi; 1.31
mmol) was added followed by 3-bromothiophene (137 mg; 0.840 mmol) in dioxane (2.5 ml;
dried over 4A sieves) and the reaction mixture was stirred at 80°C. GC analysis after 18

hours showed the desired borate compound at 5.1 minutes.
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Example 58
Methyl 4-methoxy-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzoate
O
H,CO
20
/O
B8
\
0

OCH,

In a reaction tube under nitrogen, a mixture of PdCl,(dppf)CH,Cl, (21 mg; 0.026 mmol) and

25 triethylamine (0.34 ml; 2.44 mmol) in dioxane (2.5 ml; dried over 4A sieves) was sealed and
stirred at 80°C overnight (18h). Aftcr:r cooling to room temperature, HB(pin) (0.19 ml; 1.31
mmol) was added followed by methyl 3-iodo-4-methoxybenzoate (251 mg; 0.859 mmol) in
dioxane (2.5 ml; dried over 4A sieves) the reaction mixture was stirred at 80°C. GC analysis
after 18 hours showed the desired borate compound at 13.0 minutes.
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Example 59
4,4,5,5-Tetramethyl-2-(2,3,4,6-tetramethoxyphenyl)-1,3,2-dioxaborolane

OCH,
5 ; z i
H,CO OCH;

In a reaction tube under nitrogen, a mixture of PdCl,(dppf)CH,Cl, (21 mg; 0.026 mmol) and
10 triethylamine (0.34 ml; 2.44 mmol) in dioxane (2.5 ml; dried over 4A sieves) was sealed and
stirred at 80°C overnight (18h). After cooling to room temperature, HB(pin) (0.19 ml; 1.31
mmol) was added followed by methyl-2,3,4,6-tetramethoxyiodobenzene (274 mg; 0.845
mmol) in dioxane (2.5 ml; dried over 4A sieves) the reaction mixture was stirred at 80°C.
GC analysis after 2 days showed the desired borate compound at 13.3 minutes.
15

Example 60
N-[2-Methyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]acetamide

/O
0
HyC

In a reaction tube under nitrogen, a mixture of PdCl,(dppf)CH,Cl, (21 mg; 0.026 mmol) and
triethylamine (0.34 ml; 2.44 mmol) in dioxane (2.5 ml; dried over 4A sieves) was sealed and
25 stirred at 80°C overnight (18h). After cooling to room temperature, HB(pin) (0.19 ml; 1.31
mmol) was added followed by 4'-bromo-2'-methylacetanilide (197 mg; 0.864 mmol) in
dioxane (2.5 mi; dried over 4A sieves) the reaction mixture was stirred at 80°C. GC analysis

after 2 days showed the desired borate compound at 14.5 minutes.
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In a reaction tube under nitrogen, a mixture of PdCl,(dppf)CH,Cl, (21 mg; 0.026 mmol) and
10 triethylamine (0.34 ml; 2.44 mmol) in dioxane (2.5 ml; dried over 4A sieves) was sealed and
stirred at 80°C overnight (18h). After cooling to room temperature, HB(pin) (0.19 ml; 1.31
mmol) was added followed by 6-bromo-2-methoxynaphthalene (204 mg; 0.860 mmol) in
dioxane (2.5 ml; dried over 4A sieves) the reaction mixture was stirred at 80°C. GC analysis

after 2 days showed the desired borate compound at 14.6 minutes.

15
Example 62
2,4-Dimethoxy-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyrimidine
20 OCH,4 c‘)
e
H3co/"\N/

In a reaction tube under nitrogen, a mixture of PdCl,(dppf)CH,Cl, (21 mg; 0.026 mmol) and

25 triethylamine (0.34 ml; 2.44 mmol) in dioxane (2.5 ml; dried over 4A sieves) was sealed and
stirred at 80°C overnight (18h). After cooling to room temperature, HB(pin) (0.19 ml; 1.31
mmol) was added followed by 5-bromo-2,4-dimethoxypyrimidine (190 mg; 0.867 mmol) in
dioxane (2.5 ml; dried over 4A sieves) the reaction mixture was stirred at 80°C. GC analysis
after 2 days showed the desired borate compound at 8.9 minutes.
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In a reaction tube under nitrogen, a mixture of PdCl,(dppf)CH,Cl, (21 mg; 0.026 mmol) and
triethylamine (0.34 ml; 2.44 mmol) in dioxane (2.5 ml; dried over 4A sieves) was sealed and
10 stirred at 80°C overnight (18h). After cooling to room temperature HB(pin) (0.19 ml; 1.31
mmol) was added followed by 4-bromo-2-flucrodiphenyl (213 mg; 0.848 mmol) in dioxane
(2.5 ml; dried over 4A sieves) the reaction mixture was stirred at 80°C. GC analysis after 2

days showed the desired borate compound at 19.4 minutes.

15 Example 64
3,4-Dimethoxy-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzaldehyde

H,CO OCH;

. 5

In a reaction tube under nitrogen, a mixture of PdCl,(dppf)CH,Cl, (21 mg; 0.026 mmol) and
triethylamine (0.34 ml; 2.44 mmol) in dioxane (2.5 ml; dried over 4A sieves) was sealed and
stirred at 80°C overnight (18h). After cooling to room temperature, HB(pin) (0.19 ml; 1.31
25 mmol) was added followed by 3-iodo-4,5-dimethoxybenzaldehyde (254 mg; 0.870 mmol) in
dioxane (2.5 ml; dried over 4A sieves) the reaction mixture was stirred at 80°C. GC analysis

after 2 days showed the desired borate compound at 13.2 minutes.
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In a reaction tube under nitrogen, a mixture of PdCl,(dppf)CH,CIl, (21 mg; 0.026 mmol) and
10 triethylamine (0.34 ml; 2.44 mmol) in dioxane (2.5 ml; dried over 4A sieves) was sealed and
stirred at 80°C overnight (18h). After cooling to room temperature, HB(pin) (0.19 ml; 1.31
mmol) was added followed by 1-bromo-4-methoxynaphthalene (207 mg; 0.873 mmol) in
dioxane (2.5 ml; dried over 44 sieves) the reaction mixture was stirred at 80°C. GC analysis
after 2 days showed the desired borate compound at 14.7 minutes.
15

Example 66
4-[4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]-1,3-thiazol-2-amine

NH
20 O\B NY 2
/ : : :
o \s

In a reaction tube under nitrogen, a mixture of PdCl,(dppf)CH,Cl, (21 mg; 0.026 mmol) and

25 triethylamine (0.34 ml; 2.44 mmol) in dioxane (2.5 ml; dried over 4A sieves) was sealed and
stirred at 80°C overnight (18h). After cooling to room temperature, HB(pin) (0.32 mi; 2.21
mmol) was added followed by 2-amino-4-(4-bromophenyl)thiazole (213 mg; 0.858 mmol) in
dioxane (2.5 ml; dried over 4A sicves) the reaction mixture was stirred at 80°C. GC analysis
after 2 days showed the desired borate compound at 17.5 minutes.
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4,4,5,5-Tetramethyl-2-(4-{[(E)-3-methyl-1-butenyl]oxy} phenyl)-1,3,2-dioxaborolane
5 O B/o
. \
— O

In a reaction tube under nitrogen, a mixture of PdCl,(dppf)CH,Cl, (21 mg; 0.026 mmol) and
10 triethylamine (0.34 ml; 2.44 mmol) in dioxane (2.5 ml; dried over 4A sieves) was sealed and
stirred at 80°C overnight (18h). After cooling to room temperature, HB(pin) (0.19 mi; 1.31
mmol) was added followed by 1-bromo-4-[(3-methylbut-2-enyl)oxy]benzene (209 mg; 0.867
mmol) in dioxane (2.5 ml; dried over 4A sieves) the reaction mixture was stirred at 80°C.
GC analysis after 2 days showed the desired borate compound at 12.8 minutes.
15
Example 68
1-[4'-(4,4,5,5-Tetramethyl-1,3,2-dioxaboroian-2-yl)[ 1,1'-biphenyl]-4-yl]-1-ethanone

o)
20 0
B
\
HaC o)

In a reaction tube under nitrogen, a mixture of PdCl,(dppf)CH,Cl, (21 mg; 0.026 mmol) and

25 triethylamine (0.34 ml; 2.44 mmol) in dioxane (2.5 ml; dried over 4A sieves) was sealed and
stirred at 80°C overnight (18h). After cooling to room temperature, HB(pin) (0.19 mi; 1.31
mmol) was added followed by 4-acetyl-4’-bromobiphenyl (240 mg; 0.872 mmol) in dioxane
(2.5 ml; dried over 4A sieves) the reaction mixture was stirred at 80°C. GC analysis after 2
days showed the desired borate compound at 17.3 minutes.
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In a reaction tube under nitrogen, a mixture of PdCl,(dppf)CH,Cl, (21 mg; 0.026 mmol) and

10 triethylamine (0.34 ml; 2.44 mmol) in dioxane (2.5 ml; dried over 4A sieves) was sealed and
stirred at 80°C overnight (18h). After cooling to room temperature, HB(pin) (0.32 ml; 2.21
mmol) was added followed by 3,6-dibromocarbazole (281 mg; 0.865 mmol) in dioxane (2.5
ml; dried over 4A sieves) the reaction mixture was stirred at 80°C. GC analysis after 18
hours showed the desired borate compound at 21.3 minutes.

15

Example 70
6-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)-2-naphthol

HO
B/
\
0

In a reaction tube under nitrogen, a mixture of PdCl,(dppf)CH,Cl, (21 mg; 0.026 mmol) and

25 triethylamine (0.34 ml; 2.44 mmol) in dioxane (2.5 ml; dried over 4A sieves) was sealed and
stirred at 80°C ovemight (18h). After cooling to room temperature, HB(pin) (0.32 ml; 2.21
mmol) was added followed by 6-bromo-2-naphthol (189 mg; 0.847 mmol) in dioxane (2.5
ml; dried over 4A sieves) the reaction mixture was stirred at 80°C. GC analysis after 18

hours showed the desired borate compound at 16.0 minutes.
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In a reaction tube under nitrogen, a mixture of PdCl,(dppf)CH,Cl, (21 mg; 0.026 mmol) and
triethylamine (0.34 ml; 2.44 mmol) in dioxane (2.5 ml; dried over 4A sieves) was sealed and

10 stirred at 80°C overnight (18h). After cooling to room temperature HB(pin) (0.19 ml; 1.31
mmol) was added followed by 4,4-dimethyl-2-iodo-2-cyclohexenone (213 mg; 0.852 mmol)
in dioxane (2.5 ml; dried over 4A sieves) the reaction mixture was stirred at 80°C. GC

analysis after 18 hours showed the desired borate compound at 9.2 minutes.

15 Example 72
2-(4-Methoxyphenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane

20

In a reaction tube under nitrogen, a mixture of PdCl,(dppf)CH,Cl, (21 mg; 0.026 mmol) and
triethylamine (0.34 ml; 2.44 mmol) in dioxane (2.5 ml; dried over 4A sieves) was sealed and
stirred at 80°C overnight (18h). After cooling to room temperature HB(pin) (0.19 mi; 1.31
25 mmol) was added followed by 4-methoxybenzenediazonium tetrafluoroborate (188 mg;
0.847 mmol) in dioxane (2.5 ml; dried over 4A sieves) the reaction mixture was stirred at

80°C. GC analysis after 18 hours showed the desired borate compound at 12.0 minutes.
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In a reaction tube under nitrogen, a mixture of PdCL(dppf)CH,Cl, (24 mg; 0.029 mmol) and
triethylamine (0.36 ml; 2.58 mmol) in dimethylsulphoxide (4 ml; dried over 4A sieves) was
10 sealed and stirred at 80°C for |8 hours. After cooling to room temperature HB(pin) (0.19 ml;
1.31 mmol) was added followed by 1-iodo-3,4-methylenedioxybenzene (211. mg; 0.851
mmol). The reaction mixture was stirred at 80°C. GC analysis after 18 hours showed that the

desired arylborate compound had formed.

15 E e 74
2-methoxy-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-phenol

.

Solution 1: Pinacol (124.6g; 1.054 mol) in dry dioxane (200 ml) was stirred under N, and

allowed to equilibrate to RT.

Solution 2: Borane-methyl sulphide complex (100 ml; 10M; 1.00 mol) in dioxane (250 mli)
25 was stirred at RT under N,.

Solution 3: PdCl,(dppf)CH,Cl, (7.27 g; 8.90 mmol; 2 mole%) and NEt; (25.0 ml; 0.179

mol) in dry dioxane (300 ml) was stirred at 80°C, under N,, overnight before cooling to

room temperature.

30 Solution 1 was transferred under N, to a pressure-equalising dropping funnel and added to
Solution 2 over 6h. Stirred at RT overnight before heating at 40-50°C for ~8h. After stirring
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slow addition ot 2-methoxy-4-bromophenol (91.6g; 0.451 mol). Finally, the activated
catalyst (Solution 3) was added and the resultant dark brown solution was stirred at 100°C.

GC analysis after 20 hours showed the desired borate compound at 11.1 minutes (62%).

E le 75
2-methoxy-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-phenol

10 HsCO B\

HO

A solution of pinacol (11.29g; 0.0955 mol) in dry dioxane (40 ml) was added dropwise, over
an hour, to a solution of borane-methyl sulphide complex (9.0 mi; 10M; 0.090 mol) in

15 dioxane (40 ml) and stirred at RT under N,. To uus solution was added HB(pin) (22.0 ml;
0.152 mol) and 2-methoxy-5-bromophenol (19.63g; 0.0967 mol) in dioxane (30 ml). This
solution was allowed to stir overnight at room temperature before being added, dropwise, to
the activated catalyst [PdCl,(dppf)CH,Cl, (2.38¢; 2.91 mmol) and NEt, (40.0 ml; 0.287 mol)
in dry dioxane (450 ml) heated at 80°C and allowed to cool to RT]. The reaction mixture

20 was heated at 100°C. GC analysis after 18 hours showed the desired borate compound at

12.0 minutes.

ample
2-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)aniline
25

NH,

30 PdCl(dppf)CH,CI, (26 mg; 0.032 mmol) and NEt,; (0.43 ml; 3.09 mmol) in dry dioxane (4

ml) was heated at 80°C overnight and allowed to cool to RT. A solution of 2-oromoaniline
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In a reaction vessel under argon, a mixture of a PdCl,(dppf)CH,Cl, (0.49¢g; 0.602 mmol) and
triethylamine (1.2 ml; 8.5 mmol) in dioxane (14.8 ml; dried over 4A sieves) was sealed and
15 stirred at 80°C overnight (18h). After cooling to room temperature, HB(pin) (22 ml in
dioxane; 1.38 M; 0.03 mol), triethylamine (8.5 ml; 0.06 mol) and 1-iodo-4-nitrobenzene (5.0
g; 0.02 mol) were added and the reaction mixture was stirred at 80°C. GC analysis after 23h
showed a peak at 11.9 mins which was identified by HNMR as the desired compound.

20 Example 78
2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenol

OH
DR
25 \ 7/ %

In a reaction vessel under argon, a mixture of a PdCl,(dppf)CH,Cl, (0.71 g; 0.85 mmol) and
triethylamine (1.8 ml; 12.9 mmol) in dioxane (20.2 ml; dried over 4A sieves) was sealed and
stirred at 80°C overnight (18h). After cooling to room temperature, HB(pin) (267 ml in

30 dioxane; 1.36 M; 0.363 mol), triethylamine (47 ml; 0.34 mol) and 2-iodophenol (25.0 g;
0.114 mol) were added and the reaction mixture was stirred at 80°C. GC analysis after 30h
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In a reaction vessel under argon, a mixture of a PdCl,(dppf)CH,Cl, (1.32 g; 1.62 mmol) and
triethylamine (3.2 ml; 23 mmol) in dioxane (40 ml; dried over 4A sieves) was sealed and

25 stured at 80°C overnight (18h). After cooling to room temperature, HB(pin) (702 ml in
dioxane; 1.38 M; 0.97 mol), triethylamine (135 ml; 0.97 mol) and 4-bromo-2,6-
dimethylphenol (65 g; 0.323 mol) were added and the reaction mixture was stirred at 100°C.
GC analysis after 14 days showed a peak at 11.6 mins which was identified by 'H NMR as
the desired compound.

30



Fi# 1090& ()-! O#! 10%#$HS& ()- f810%&& ()-f f1 109&& ()- f* 10%R& (36 MAY 2003
10%&&' ()-jj kYl Frm n|[: NA41010 f#!1099& ()- #'109&R& ()- f#!10%&R& ()-f

#1 109&R&' ()- f#!109&& ()- n#! 109 k$] & ()- nn8o9o0: 0; oHOMoXovU310! Wo#109%&' () - &
f 109%&& ()- f&I0%&& ()- 10HLOHLOH f#!109%4& () -

O#! 10%&& () - Xoapqaqdqtqq| [:vU310!w f 1110%&k& ()- f MO & & ()-f fO109%& () -
f 109%&R& ()- Z9#10%#& ()-& i 9#10%&R& () - &q, rss5tQuu| [: vU310!w f 3! 109%&R& () -f
f ' -Y'10%& ()-f f "-Y'10% & ()- f+s!10%&R& ()- f 398" 10%&R& () -

f#z#109%&&' () -uv vrvuvvvwxvv| obU410! fy& 109%&& () - 10&10810&F f9<109&& () -
f38 10%&& ()- f337- 10%&& ()- f S5F'JO%R& ()-vvvvwwf [ : bU410! f ~"&10% $

& ()-- f&10%B& ()--f fYL0%R& ()- f3@AOWR& ()- f3@O0Y%R ()- f

10%&& () - wwoa wxxne| [ : bu410! f fl"#10%&&' () - f#10ANK ()-f #109B&$& () -
fl10%&& ()- f@OYR& ()- }&10%I&AI& ()--nmez7{| X} Y} Z}[}h}]| pdX710!

f&10% & () - 10&10&10&F f/#109&& ()-s /#10%W&I& ()-s f{/#10%&& ()-s f,

109&& ()%&%&%@Eﬂ [ : dX710! fS#H1098 %&' () - SHI0%WN & ()-f fSYS1I0% & ()-

f @0% & () - 0% & ()- fsl0% & ()-]L|ZL>01 10 10 10! f +#109& () -

+#10%4 &1 &,4,9,5-Tettd8thy 1% -nethyiihofyl k1 (3)2-dioRdHo618hd ) - | [ : L>01 10

WCH 10%wvz&w& ()- f[CH 109 & ()- fO[CH 10% & ()- fSF10%' & () -

fsL10%' & ()- > 109%x' & ()- W [:LSB1 1 L:10%' & ()- f @"10%"' & () -
fICH 1% ()- [CH 10%' & ()- fFef\CH & ()- fICH 10%' & ()- x|[:L>01
10 R o09( '10% P% & ()- f7F109 B fOQF10%' & ()- fod0W' & ()-

fOl10%' & ()- ff10%' & ()-/D|[:[>01 18 \N9( 109 ()- fO9( !10%' & ()-

9( 110%x" $& ()- fO( '10%& ()- HO( '1098 $!' & ()- f9( '10%"& ()-Dv4l 1

f 10% & ()- f910% & ()- f90% & ()- 10x' 10x' 10x' fLY: MLO%' & () -

*83"10%' &' . . 0 ()= AN NR ) () -
1 1006 & 1) ArepedpadfE e piRagny il B Pl ol gl o7 hdffita )
fI11" 10%rfetiylangihe {0-36 AOZ.R fhinoy) ihldid (4 ht; dii8d 0VRr& A Sievds) Wa¥kedlel)and

Bl [:vWA4l
10 stirred at 80°C overnight (18h). After cooling to room temperature, HB(pin) (0.19 ml; 1.31

mmol) and 2-iodotoluene (188 mg; 0.862 mmol) were added and the reaction mixture was
stirred at 80°C. GC analysis after 18h showed a peak at 6.45 mins which was identified by
GC/MS as the desired borate compound.

15 Example 82
4,45 5-Tetramethyl-2-(4-phenoxyphenyl)-1,3,2-dioxaborolane

O]

In a reaction tube under nitrogen, a mixture of PdCL(dppf)CH,Cl, (22 mg; 0.027 mmol) and
triethylamine (0.36 ml; 2.58 mmol) in dioxane (4 ml; dried over 4A sieves) was sealed and
stirred at 80°C overnight (18h). After cooling to room temperature, HB(pin) (0.19 ml; 1.31
mmol) and 4-bromodiphenyl ether (216 mg; 0.865 mmol) were added and the reaction

25 mixture was stirred at 80°C. GC analysis after 18h showed a peak at 13.84 mins which was
identified by GC/MS as the desired compound.

30



1f fLOM10%& ()-f fL-T10%& ()-f fL,, :110%& ()- f*GLO%& ()-  ~ g MAY 2003
fL)'110% & ()- fL' 10% & ()-).0vU4l 1 ff310%' & ()- fs910%' & ()-

fOd0%' & ()- 10'10' 10" fL610% & ()- S2#10% & ()-0Jaxr zY8vU4l 1

f0O O#109& ()- ~9#10%Bx' $& ()- f ~O#HIOW' & ()- ~9#10% & & ()-

f O#10%9@& ()--!1<"0 9#10% N %& ()- m#}|[:vU4l 1 fFo%r 10%' & () -

fL"10%' & ()- #10%' & ()- ' 9#109& ()- fO 9#10%' & ()- “9#10%' & ()-};
X[\|[:-410x" f=10%" & ()- f Y71 10%' & ()- f5!10% & ()- f /110" & ()-
fs-110%" & ()- fL&Z"10%' & ()-\]~nrbA410x' f fF 1 10%& &&' ()- f10%&' && ()-
fM109%& && ()- f10%& &&' ()- f&Y10%& &&' ()-310x' 10x' A [: A410x'

f #109Rp&&& () - f #109&' && ()- ) “#10909%& ()- f#109R&& ()- fSS& 10%& &&' () -
f S3310%&' &&' () - x| [: A410x' @6, #1098& ()- /' 10%& && ()- f @ 109%&' && () -
ff," 10%& &&' ()¢ of ' 4"10%& && ()- f #109%&&&' ()-vU410 f 109" M& () -

f 109vP" M&: 0%WP' M&' ()- 10& &10& &10& & f @ >109%& &&' () -

f 9@ 0%&' z(gu r 9 f

f:1100P" fg l%M%%ﬁi&&néﬂ@gﬁffdma&dmz%ggﬁéﬁyig%()_lq[ vUA10 f
f@#lO%WI\/&() f f&10%VP' M8 ()-f f $s! 109" M& ()- " "10%wP' M& () -
f@"109R M ()- fy! 109 Mg ()->ak>?{Z9, 410" M T S; @ 109" MR () -

f @ 10%P' V& ()- , @ %40%~P&-()-! B cmowv& ()- f,t10%" M& () -
f*°110%R" M& () - ?@\PUDA4LOM? M 1g @mr».n - i #10%C28C8 () -

| #109/28V& () - L0%UREEE () -0 310M4@E&EE () - 31OM' MLOM?' Mex{ | [ : A410M?' M
f - 10%@8&@& ()- f&+10%@&EE (Y- % 10%@&@&' ()- fof #10%@R&E& () -

f" 10%@R&E ()- fL"10%@R&E& ()-Vv| [ NM1OMIO@&EO@&EALO@&E f & <10%R&@& () -
f510%@R&E ()- f&3SHIOUR&E@ ()- fS2! 10%@&@ ()-

Hé%%ﬁ%ﬂ%@% &N%é’%'?%%&tlow NE () - d0tagr F;"fﬁﬁ M4ﬁ@m"g@f3%bgé§f5%?)

f 1 109%0vP" I\tﬁe(h)rlan‘h@@%ﬂl RIS (mimol) 10 HMRANKA(hE; dfied BOSME dVes) wad Qaled and
109vP" ME' () - g NAAIOMLO f @ $109%VP' V& () - f*nd 109%vP' M& () - f(Z109vP' M& () -
f 9810%48" me(i)at § Covegysip' (V&h)( After ¢ooimm>rm {emprFag; | Id&fmq)d%lé 'miglg)- f&

10%se' s f41
f-nt 10%/#{‘%9@ 4%?’[“0% mc?@%@aw’fs ; PEpL 3&@%‘%%@%3 and the
f, Y#10% Qe&ﬁoﬁ)mlxtu?é-@ﬁﬁm%&a( 30°Cl IG¢ hRAGEs Eﬁer(S)Zh showed a peak at 12.64 mins
fmL0%e’ s& ()-JA ~zYBVU4A10M 1 34#10%e' S& ()-- f& 10%8&s& () -
f +S#10%s evkigh (as idefitified f)oGE/MBag dhe-defigdi@usd’ ()--!r!10% & ()-' uvU410M
f s10% & ()- f& 10% & ()-10se' s10se's' 10se' s f9&910%se' s& () -
fol 7' 10%e’ s& ()- f&5s1l0%e’ s& ()-77E |[:vUAIOM T f-10% & ()-f f&&10% & ()-
", 10%§'Efmggg¢p% & ()- fLI0% & ()- f 10% & ()-):|[:vU4l0M f

y+910% & 10% & ()- fY%10% & ()- f#10% & ()- fL 10% & () FfL
10% & () -Hthyh\A-[4-@a B 5 ftetrametiyol &,2-Hiokaberpiasd-gl)ghenox dscetnes & () -
4#10% & ()- fy2"10% & ()- +910%! n& ()-3bA410'f f f9

l ;:O\B‘Q/O\/CO2C2H5
O/

20

In a reaction tube under nitrogen, a mixture of PdCl,(dppf)CH,Cl, (22 mg; 0.027 mmol) and
triethylamine (0.36 ml; 2.58 mmol) in dioxane (4 ml; dried over 4A° sieves) was sealed and
stirred at 80°C overnight (18h). After cooling to room temperature, HB(pin) (0.19 ml; 1.31
25 mmol) and ethyl-2-(4-bromophenoxy)acetate (223 mg; 0.861 mmol) were added and the
reaction mixture was stirred at 80°C. GC analysis after 52 h showed a peak at 13.35 mins

which was identified by GC/MS as the desired compound.
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mixture was stirred at room temperature.

GC analysis after 66h showed a peak at 8.63 mins which was identified by GC/MS as the

desired compound.

15 Ex le
5-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)-1,3-benzodioxole

20

In a reaction tube under nitrogen, a mixture of PdCl,(dppf)CH,Cl; (22 mg; 0.027 mmol) and

triethylamine (0.36 ml; 2.58 mmol) in distilled 1,2-dichloroethane (4 m!) was sealed and

stirred at 80°C overnight (18h). After cooling to room temperature, HB(pin) (0.19 ml; 1.31
25 mmol) and 1-iodo-3.4-methylenedioxybenzene (215mg; 0.867 mmol) were added and the

reaction mixture was stirred at 40°C.

GC analysis after 1.25h showed a peak at 9.54 muns (7.2%) which was identified by GC/MS

as the desired compound.

30
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In a reaction tube under nitrogen, a mixture of PdCl,(dppf)CH,Cl, (22 mg; 0.027 mmol) and
triethylamine (0.36 ml; 2.58 mmol) in distilled dimethoxyethane (4 ml) was sealed and

10 stirred at 80°C overnight (18h). After cooling to room temperature, HB(pin) (0.19 ml; 1.31
mmol) and 1-iodo-3,4-methylenedioxybenzene (216mg; 0.870 mmol) were added and the
reaction mixture was stirred at 40°C.
GC analysis after 1.25h showed a peak at 9.61 mins (57.8%) which was identified by
GC/MS as the desired compound.

Example 88
5-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)-1,3-benzodioxole

]
o, C )
20 O,B O

In a reaction tube under nitrogen, a mixture of PdCl,(dppf)CH,Cl, (22 mg; 0.027 mmol) and

triethylamine (0.36 ml; 2.58 mmol) in toluene (4 ml; dried over 4A sieves) was sealed and

stirred at 80°C overnight (18h). After cooling to room temperature, HB(pin) (0.19 ml; 1.31
25 mmol) and 1-iodo-3.4-methylenedioxybenzene (214mg; 0.863 mmol) were added and the

reaction mixture was stirred at 40°C.

GC analysis after 1.25h showed a peak at 9.59 mins (39.5%) which was.identified by

GC/MS as the desired compound.

30
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15  Example 90
3-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-1-yl)alanine

0
B/
§ ) i
0
20 NH,

The experimental procedure described in Example 76 was repeated using 3-

bromoaniline. The product was identified by GC and NMR methods.
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Synthesis of an arylboronic acid ester possessing an active hydrogen and the coupling of

this species with a second aryl halide in the one pot to form an asymmetric biaryl.

5  Formation of N-[4-(1,3-benzodioxol-5-yl)phenyl]acetamide

10 4-iodoacetanilide (262 mg; 1 mmol) were reacted at 80°C with 0.25 ml (1.8 mmol) of
pinacolborane in a dioxane solution (5 ml) containing 25 mg PdCl,{dppf]. CH,Cl, and
0.45 ml triethylamine. The catalyst had been activated by heating at 80°C for 24h in
dioxane with the Eriethylamine. GC of the reaction solution showed that all the 4-
iodoacetanilide had reacted to give the required boronic acid ester together with some
15 acetanilide and phenylboronic acid pinacol ester. After cooling to room temperature, 2 ml
of ethanol were added to the reaction vessel to destroy the excess pinacolborane. After
the liberation of hydrogen had ceased, 450 mg of K,CO; and 281 mg (1 mmol) of 1-iodo-
3,4-methylenedioxybenzene were added and the reaction heated to 80°C for 18.5h. GC
analysis on an aliquot of the reaction solution showed no arylboronic acid ester and a

20  strong peak for the biaryl product at 17.7 mins.

Those skilled in the art will appreciate that the invention described herein is susceptible to
variations and modifications other than those specifically described. It is to be
understood that the invention includes all such variations and modifications. The
25  invention also includes all of the steps, features, compositions and compounds referred to
or indicated in this specification, individually or collectively, and any and all

combinations of any two or more of said steps or features.

Throughout this specification and the claims which follow, unless the context requires
30  otherwise, the word “comprise”, and variations such as “comprises” and “comprising”,
will be understood to imply the inclusion of a stated integer or step or group of integers or

steps but not the exclusion of any other integer or step or group of integers or steps.

The reference to any prior art in this specification is not, and should not be taken as, an
35  acknowledgement or any form of suggestion that that prior art forms part of the common

general knowledge in Australia.
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with a disubstituted monohydroborane, in the presence of a Group 8-11 metal catalyst

and a suitable base, such that a borane residue is introduced at the substitution

position.

20 2. A process according to claim 1 wherein the disubstituted monohydroborane is
generated by reaction of a borane with an appropriate alcohol or amine, and used

without isolation.

3. A process according to claim 2 wherein the disubstituted monohydroborane is

25  generated in situ.

4, A process according to claim 2 or claim 3 wherein the borane is a
polyhydroborane.
30 S A process according to claim 4 wherein the polyhydroborane is selected from

sulphide and ether adducts of BHj3.
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sulfonohydroximyl, sultamyl, phosphinyl, phosphinimidyl, phosphonyl,
dihydroxyphosphanyl, hydroxyphosphanyl, phosphono (including
phosphonato), hydrohydroxyphosphoryl, allophanyl, guanidino, hydantoyl,
ureido, and ureylene,
20
with a disubstituted monohydroborane, in the presence of a Group 8-11 metal catalyst and

a suitable base, such that borane residue is introduced at said coupling position; and

(B) reacting the alkene or aryl borate with an organic compound having a halogen or
25 halogen-like substituent at a coupling position in the presence of a Group 8-11 metal
catalyst and a suitable base, whereby the olefinic or aromatic ring compound is
coupled to the organic compound via a direct bond between the respective coupling

positions.

30 8. A process according to claim 7 wherein the disubstituted monohydroborane is

generated by reaction of a borane with an appropriate alcohol or amine.
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12. A process according to claim 11 wherein the proton donor compound is selected

10 from water, alcohols, acids and mixtures thereof.

13. A process according to claim 7 for the preparation of symmetrical coupled products
wherein said disubstituted monohydroborane is contacted with two equivalents of said
olefinic or aromatic ring compound to form an alkene or aryl borate, which borate reacts

15 with the remaining olefinic or aromatic compound to form a symmetrical coupled product.

14. A process according to claim 10 or claim 13 wherein a second base is added after

the formation of the alkene or aryl borate to catalyse or promote the coupling reaction.

20 15. A process according to claim 7 wherein the organic compound having a halogen or
halogen-like substituent at a coupling position is different from the olefinic or aromatic

ring compound such that the coupled product is unsymmetrical.

16. A process according to claim 1 or claim 7 wherein the olefinic compound (i) is a

25 compound of formula I

Rz\ /R‘
C:
C\ X [

R?

30 where R', R* and R’ are each independently selected from hydrogen, alkyl, alkenyl,

alkynvi, aryl, heteroaryl, acyl, arylalkyl and heteroarylalkyl (each of which may be
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18. A process according to claim 1 or claim 7 wherein the olefinic compound having a
halogen-like substituent in a vinylic substitution position is prepared from a compound

having a carbonyl group with a -hydrogen.

20
19. A process for the synthesis of an alkene or aryl borate which comprises reacting:
(1) an olefinic compound having a halogen or halogen-like substituent in a vinylic
substitution position, or
25

(1) an aromatic ring compound having a halogen or halogen-like substituent in a ring

substitution position,

with a disubstituted monohydroborane, in the presence of a Group 8-11 metal catalyst, a
30 suitable base and a promoter such that a borane residue is introduced at the substitution

position.
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(RX),B-H

20 where each X is independently selected from O, S and NR” where R” is H, optionally
substituted alkyl or optionally substituted aryl and each R is independently selected from
optionally substituted alkyl and optionally substituted aryl or where -B(XR), represents a

cyclic group of formula II

/\
\/ II

S8
wn

where R’ is optionally substituted alkylene, arylene or other divalent group comprising

linked aliphatic or aromatic moieties and X is as defined above.

26. A process according to claim 25 wherein the disubstituted monohydroborane is a
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27. A process according to claim 23 wherein the dialkoxymonohydroborane is selected
from 4,4-dimethyl-1,3,2-dioxaborinane, 4,4,6-trimethyl-1,3,2-dioxaborinane, 4,4,6,6-

5 tetramethyl-1,3,2-dioxaborinane, 4,4-dimeth;y1-1,3,2-dioxaborolane, 4,4,5-trimethyl-1,3,2-
dioxaborolane, 4,4,5,5-tetramethyl-1,3,2-dioxaborolane, 4-phenyl-1,3,2-dioxaborinane, n-
propanediolborane (1,3,2-dioxaborinane), 5,5-dimethyl-1,3,2-dioxaborinane, (4R,5R)-4,5-
bis(1-methoxy-1-methylethyl)-1,3,2-dioxaborolane, (4S,5S)-4,5-.bls( 1-methoxy-1-
methylethyl)-1,3,2-dioxaborolane, dinaphtho[2,1-d:1,2-f][1,3,2]dioxaborepine, (4R,5R)-3,4-

10 dimethyl-5-phenyl-1,3,2-oxazaborolidine, (4S,55)-3,4-dimethyl-5-phenyl-1,3,2-
oxazaborolidine, (4R,5R)-3-isopropyl-4-methyl-5-phenyl-1,3,2-oxazaborolidine, (45,55)-3-
isopropyl-4-methyl-5-phenyl-1,3,2-oxazaborolidine, (4R,5R)-4,5-dimethyl-1,3,2-
dioxaborolane, (45,55)-4,5-dimethyl-1,3,2-dioxaborolane, (4R,5R)-4,5-diphenyl-1,3,2-
dioxaborolane, (45,55)-4,5-diphenyl-1,3,2-dioxaborolane, (45)-4-(methoxymethyl)-1,3,2-

15 dioxaborolane, (4R)-4-(methoxymethyl)-1,3,2-dioxaborolane, tetrahydro-3aH-
cyclopenta[d][1,3,2]dioxaborole, 3-methyl-1,3,2-oxazaborolidine, (6R)-4,4,6-trimethyl-
1,3,2-dioxaborinane, (65)-4,4,6-trimethyl-1,3,2-dioxaborinane, hexahydro-1,3,2-
benzodioxaborole, (4R,5R)-4,5-bis(methoxymethyl)-1,3,2-dioxaborolane, (45,55)-4,5-
bis(methoxymethyl)-1,3,2-dioxaborolane, (4R,5R)-4,5-dicyclohexyl-1,3,2-dioxaborolane

20 (45,55)-4,5-dicyclohexyl-1,3,2-dioxaborolane, (5R)-4,4-dimethyl-5-phenyl-1,3,2-
dioxaborolane, (55)-4,4-dimethyl-5-phenyl-1,3,2-dioxaborolane, (4R)-4-phenyl-1,3-dioxa-2-
boraspiro[4.4]nonane, (4S)-4-phenyl-1,3-dioxa-2-boraspiro[4.4]nonane, (4S,55)-4,5-bis(1-
methoxycyclopentyl)-1,3,2-dioxaborolane, (4R,5R)-4,5-bis(1-methoxycyclopentyl)-1,3,2-
dioxaborolane, diisopropyl (4S,55)-1,3,2-dioxaborolane-4,5-dicarboxylate, diisopropy!l

25 (4R,5R)-1,3,2-dioxaborolane-4,5-dicarboxylate, (1R,2S,6S,7S5)-1,10,10-trimethyl-6-phenyl-
3,5—dioxa-4-boratricyclo[5.2.1.02'6]decane, (15.2R,6R,7R)-1,10,10-trimethyl-6-phenyl-3,5-
dioxa-4-boratricyclo[5.2.1.0*%]decane, (3aR)-3a-methyl-3,3-di(2-naphthyl)tetrahydro-3 /-
pyrrolo[1,2-c][1,3,2]oxazaborole, (3aS)-3a-methyl-3,3-di(2-naphthyl)tetrahydro-3 H-
pyrrolo[1,2-¢c][1,3,2}oxazaborole, (3aR)-3,3-di(2-naphthyl)tetrahydro-3.H-pyrrolo[ 1,2-

30 c]f1,3,2]oxazaborole, (3aS)-3,3-di(2-naphthyl)tetrahydro-3 H-pyrrolo[1,2-
c][1.,3,2]oxazaborole, (45,55)-4,5-bis[(4R)-2,2-dimethyl-1,3-dioxolan-4-yl]-1,3,2-
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. process according to any one of claims 1, 7 or 19 wherein the Group 8-11 metal

catalyst comprises Ni, Pt or Pd.

29. A process according to claim 28 wherein the catalyst is a palladium catalyst.
15 30. A process according to claim 29 wherein the palladium catalyst is a palladium

complex.

31. A process according to claim 30 wherein the palladium complex is selected from
Pd,(dba),, PdCl,, Pd(OAc),, PdCl,(dppf)CH,Cl,, Pd(PPh;,), and related catalysts which are
20 complexes of phosphine ligands, phosphite ligands, or other suitable ligands containing P

and/or N atoms for co-ordinating the platinum atoms.

32. A process according to claim 30 wherein the palladium complex is tethered on a

solid support.

33. A process according to claim 29 wherein the palladium catalyst is selected from
palladium black, palladium or carbon, palladium clusters, palladium clusters containing

other metals and palladium in porous glass.

30 34. A process according to claim 28 wherein the Group 8-11 metal catalyst is a

platint'm catalyst.
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35. A process according to claim 28 wherein the Group 8-11 metal catalyst is

nickel catalyst.

36. A process according to claim 7 wherein the suitable base for coupling step B is

5 selected from the group consisting of aryl and alkyl carboxylates, fluorides,

hydroxides and carbonates of Li, Na, K, Rb, Cs, ammonium, alkylammonium, Mg, Ca

and Ba; phosphates, and arylphosphates of Li, Na, K, Rb and Cs; phosphate esters of
Li, Na, K, Rb and Cs, phenoxides of Li, Na, K, Rb and Cs; alkoxides of Li, Na, K, Rb

and Cs; and thallium hydroxide.

10
37. A process of claim 7 wherein the suitable base for the coupling step is selected
from caesium carb<;nate, potassium carbonate, potassium phosphate and alkali metal
hydroxides.

15 38. A process of claim 7 wherein one of said olefinic or aromatic compound, and
said organic compound, is a polymer.
39. A process of claim 1 wherein said olefinic or aromatic compound is a
polymer.

20
40. A process of claim 7 wherein either the olefinic compound or aromatic ring, or
the organic compound, is chemically linked to a solid polymer support.
41.  An alkene or aryl borate prepared according to the process of claim 1.

25

42, A process for preparing aryl or alkene boronic acids including the step of

subjecting an alkene or aryl borate of claim 41 to hydrolysis.

43. A process for the synthesis of an alkene or aryl borate which comprises

30  reacting:

(1) an olefinic compound having a halogen or halogen-like substituent in a vinylic

substitution position, or
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(11) an aromatic ring compound having a halogen or halogen-like substituent in a

ring substitution position,

with a disubstituted monohydroborane, in the presence of a Group 8-11 metal
5  catalyst and a suitable base, such that a borane residue is introduced at the substitution

position

wherein the Group 8-11 metal catalyst is activated by treatment with an
organic amine prior to contacting of the disubstituted monohydroborane with the

10  catalyst,

44, A process according to claim 43 wherein the treatment with the organic amine

is conducted by heating the catalyst with the organic amine.

15 45. A disubstituted monohydroborane selected from the group consisting of (45)-
4-(methoxymethyl)-1,3,2-dioxaborolane, (4R)-4-(methoxymethyl)-1,3,2-
dioxaborolane, tetrahydro-3aH-cyclopenta[d][1,3,2]dioxaborole, (4R,5R)-4,5-
dicyclohexyl-1,3,2-dioxaborolane, (45,55)-4,5-dicyclohexyl-1,3,2-dioxaborolane,
(5R)-4,4-dimethyl-5-phenyl-1,3,2-dioxaborolane, (55)-4,4-dimethyl-5-phenyl-1,3,2-

20  dioxaborolane, (4R)-4-phenyl-1,3-dioxa-2-boraspiro[4,4]nonane, (45)-4-phenyl-1,3-
dioxa-2-boraspiro[4,4]nonane, (45,58)-4,5-bis(1-methoxycyclopentyl)-1,3,2-
dioxaborolane, s (4R,5R)-4,5-bis(1-methoxycyclopentyl)-1,3,2-dioxaborolane,
diisopropyl (4S,55)-1,3,2-dioxaborolane-4,5-dicarboxylate, diisopropyl (4R,5R)-1,3,2-
dioxaborolane-4,5-dicarboxylate, (1R,25,65,75)-1,10,10-trimethyl-6-phenyl-3,5-

25  dioxa-4-boratricyclo[5,2,1,0>°]decane, (15,2R,6R,7R)-1,10,10-trimethyl-6-phenyl-3,5-
dioxa-4-boratricyclo[5,2,1,0%]decane, (3aR)-3a-methyl-3,3-di(2-naphthyl)tetrahydro-
3H-pyrrolo[1,2-c][1,3,2]oxazaborole, (3aS)-3a-methyl-3,3-di(2-naphthyl)tetrahydro-
3H-pyrrolo[1,2-c][1,3,2]oxazaborole, (45,55)-4,5-bis[(4R)-2,2-dimethyl-1,3-dioxolan-
4-y1]-1,3,2-dioxaborolane, (4R,5R)-4,5-bis[(4S5)-2,2-dimethyl-1,3-dioxolan-4-yl]-

30  1,3,2-dioxaborolane, (2R)-2-{(48,55)-5-[(2R)-1,4-dioxaspiro[4,5]dec-2-yl}-1,3,2-
dioxaborolan-4-yl}-1,4-dioxaspiro[4,5]decane, (25)-2-{(4R,5R)-5-[(25)-1,4-
dioxaspiro[4,5]dec-2-yl]-1,3,2-dioxaborolan-4-yl}-1,4-dioxaspiro[4,5]decane,
(4S,5S)-N4 ,N4 ,NS,NS-tetramethyl-
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1,3,2-dioxaborolane-4,5-dicarboxamide  and (4R,5R)-N4,N4,N5,N5-tetramethy1-1,3,2-

dioxaborolane-4,5-dicarboxamide.

46. An alkene or aryl borate selected from the group consisting of 4-methoxy-3-
5  (4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzoic acid, 4-Hydroxy-3-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)phenylalanine, 3-(4,4,5,5-Tetramethyl-1,3,2-
dioxaborolan-2-yl)benzoic acid, 3-Methyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)benzoic  acid,  5-(4-Phenyl-1,3,2-dioxaborolan-2-yl)-1,3-benzodioxole,  5-(4,5-
Dimethyl-1,3,2-dioxaborolan-2-yl)-1,3-benzodioxole, 5-(4,5-Diphenyl-1,3,2-

10  dioxaborolan-2-yl1)-1,3-benzodioxole,  5-[4-(Methoxymethyl)-1,3,2-dioxaborolan-2-yl]-
1,3-benzodioxole, 5-Tetrahydro-3aH-cyclopenta[d][1,3,2]dioxaborol-2-yl-1,3-
benzodioxole, 5-(4,4,6-Trimethyl-1,3,2-dioxaborinan-2-yl)-1,3-benzodioxole, 5-(4,4,6,6-
Tetramethyl-1,3,2-dioxaborinan-2-yl)-1,3-benzodioxole, 2-(1,3-Benzodioxol-5-yl)-3-
methyl-1,3,2-oxazaborolidine, 2-[(15,2S5,6R,85)-2,9,9-Trimethyl-3,5-dioxa-4-

15 boratricyclo[6,1,1,0%%]dec-4-yl]benzonitrile, (15,25,6R,8S5)-4-(4-Methoxy-2-
methylphenyl)-2,9,9-trimethyl-3,5-dioxa-4-boratricyclo[6,1,1 ,Oz’ﬁ]decane, 2,6-
Dimethoxy-3-[(15,2S,6R,85)-2,9,9-trimethyl-3,5-dioxa-4-boratricyclo[6,1,1,0*¢]dec-4-
yl]pyridine, (15,25,6R,85)-2,9,9-Trimethyl-4-(2,3,4-trimethoxyphenyl)-3,5-dioxa-4-
boratricyclo[6,1,1,0%%]decane,  (15,2S,6R,8S)-4-(2-Methoxyphenyl)-2,9,9-trimethyl-3,5-

20  dioxa-4-boratricyclo[6,1,1,0*%]decane, (15,25,6R,85)-2,9,9-Trimethyl-4-[2-
(trifluoromethyl)phenyl]-3,5-dioxa-4-boratricyclo[6,1,1,0>¢1decane, (15,25,6R,85)-2,9,9-
Trimethyl-4-(2-methylphenyl)-3,5-dioxa-4-boratricyclo[6,1,1,0%%|decane, 2-
[(1R,2R,6S,8R)-2,9,9-Trimethyl-3,5-dioxa-4-boratricyclo[6,1,1,0*¢]dec-4-yl]benzonitrile,
(1R,2R,65,8R)-4-(4-Methoxy-2-methylphenyl)-2,9,9-trimethyl-3,5-dioxa-4-

25  boratricyclo[6,1,1 ,02’6]decane, 2,6-Dimethoxy-3-[(1R,2R,6S5,8R)-2,9,9-trimethyl-3,5-
dioxa-4-boratricyclo[6,1,1,0%¢]dec-4-yl]pyridine, (1R,2R,6S5,8R)-2,9,9-Trimethyl-4-
(2,3,4-trimethoxyphenyl)-3,5-dioxa-4-boratricyclo[6,1,1,0%]decane, (1R,2R,65,8R)-4-(2-
Methoxyphenyl)-2,9,9-trimethyl-3,5-dioxa-4-boratricyclo[6,1,1,0*%]decane,
(1R,2R,65,8R)-2,9,9-Trimethyl-4-[2-(trifluoromethyl)phenyl]-3,5-dioxa-4-

30  boratricyclo[6,1,1 ,02'6]decane, (1R,2R,65,8R)-2,9,9-Trimethyl-4-(2-methylphenyl)-3,5-
dioxa-4-boratricyclo[6,1,1 ,02’6]decane, 2-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-
yDphenol, 4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)phenol,  3,4-Dimethoxy-5-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzaldehyde,
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ND7; ##&ﬁ)ﬂ}f‘mﬁ]x[x@égxﬁé???’: L <=" ?@‘,5,5-Tetramethyl—2-(2,4,6-trimethoxyphenyl)—1,3,2-
dioxaborolane, 2-(2-Methoxy-1-naphthyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane, 2-(2-

Bromophenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane, 4,4,5,5-Tetramethyl-2-[2-
10 (4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]-1,3,2-dioxaborolane, 3-(4,4,5,5-
Tetramethyl-1,3,2-dioxaborolan-2-yl)benzylamine, 4.,4,5,5-Tetramethyl-2-(2,3,4,6-

tetramethoxyphenyl)-1,3,2-dioxaborolane, N-[2-Methyl-4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)phenyl]acetamide, 2-(6-Methoxy-2-naphthyl)-4.4,5,5-tetramethyl-
1,3,2-dioxaborolane, 2,4-Dimethoxy-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
15  yDpyrimidine, 2-(2-Fluoro[1,1’-biphenyl]-4-y1)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane,
2-(4-Methoxy-naphthyl)-4,4,5 5-tetramethyl-1,3,2-dioxaborolane, 4-[4-(4,4,5,5-
Tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]-1,3-thiazol-2-amine, 4,4,5,5-Tetramethyl-2-
(4-{[(E)-3-methyl-1-butenyl]oxy} phenyl)-1,3,2-dioxaborolane, 1-[4-(4,4,5,5-
Tetramethyl-1,3,2-dioxaborolan-2-yl)[1,1’-biphenyl}-4-yl]-1-ethanone, 3-Bromo-6-
20  (4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-9H-carbazole, 6-(4,4,5,5-Tetramethyl-
1,3,2-dioxaborolan-2-yl)-2-naphthol, 2-Methoxy-4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-phenol, 2-Methoxy-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-
phenol, 5-(4,4,5,5:Tetramethy1-1,3,2-dioxaborolan-2-yl)-lH-indole, 2,6-Dimethyl-4-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenol, 5-(4,4,5,5-Tetramethyl-1,3,2-
25  dioxaborolan-2-yl)-1H-indole, 4,4,5,5-Tetramethyl-2-(4-phenoxyphenyl)-1,3,2-
dioxaborolane, N-[2-Fluoro-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yDphenylJacetamide, Ethyl 2-[4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)phenoxylacetate, 4-Hydroxy-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)phenylalanine and 3-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)alanine.
30

47. A functionalised polymeric solid preparation in accordance with the process of
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