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PCT/ AU98/ %gg%g 0 PROCESS FOR PREPARI NG ORGANI C BORONI C ACI D

DERI VATI VES UK b BorONI € ACI D The present inventi SRTALIHI®ISt o a
nmet hod for preparing boron derivatives of organic conpounds, in
particular to boronic acid derivatives of organic conmpounds. 5

Boronic acid derivatives of organic conpounds are of particular interest,
not only as i nternedi ary nmeans for form ng coval ent carbon-carbon bonds
bet ween organi c conpounds, but as a starting point for further chem cal
mani pul ati ons eruUtESY FURIREPARRNG OGANIC BOKUNIC RCIDWER BIATIVES USING IDIEURORRS A9

bi ol ogi cal activity to otherwi se biologically inactive 10 conpounds.

Whi | st these boronic acid derivatives nmay be obtai ned by conventi onal

hydr ol ysi s hydr ogenol ysi s _procedyres applied to .boronic ester,
conpounds,  ma PSS SRETBAFeIaeS ogOREIH SROPIERETE BRIOR ASHYRIVES ebSreaticon of
boroni c este R i i k . i ng
sensitive fu(Floctl ongﬁj’irl%:l ﬁuggfcﬁ}g&%ﬁﬁe@ﬁxf&%k@g e\{agv%sfoefdggggf?@P&g@ i

commer ci al 5advant ages i n reduci ng the nunber of chem cal rmanipul ati ons

enployed in a | synthetic procedure and it is therefore desirable to
obtai n the bBeIoRIccacHtdrTvativesaftqrgamc compeynds arq §f partiudar interrss, ns@nly as

surprisingly: found qbﬁor i id c e.r t in the presence
of b ! o o RERiaRy Batsat £ftyERE Gafert o EAfheB8 BB e G

condi ti ons t&ndvitisleut as RefAHCpA fdr derkticY @héniRal Hhripelhtions dndQF B rmations
circunventing the hydrolysis or hydrogenol ysis step and allow ng for the
presence of ewingionfersng aniicieasiaf biplogipal activigbtofutbeamiserigblpgicathe imareeent

i nvention Brovides the use of diboronic acid in the preparation of

organi ¢ bdY ofHPREBAY derivatives containing at |east one boronic acid

resi due. The invention further provides a process for preparing
organi ¢ boronic acid derivatives conprising reacting an organi c conmpound
havi ng a borWwhilstethedei bodorsic teid wietinatilieb aagrbecobadinell B convehtivhab hpdreler i@f a

G oup 8-11 netal catalyst. . _ _
hydrogenolysis procedures applied to boronic ester compounds, many conventional

conditions employed in the preparation of boronic ester compounds are incompatible with
15 compounds bearing sensitive functionalities. Furthermore, there are practical and

commercial advantages in reducing the number of chemical manipulations employed in a

synthetic procedure and it is therefore desirable to obtain the boronic acid derivatives

directly.

20 It has now surprisingly been found that diboronic acid can be reacted in the presence of a
Group 8-11 metal catalyst with an organic compound under mild conditions to provide
boronic acid derivatives directly, thereby circumventing the hydrolysis or hydrogenolysis

step and allowing for the presence of sensitive functional groups.

25 Accordingly, the present invention provides the use of diboronic acid in the preparation of

organic boronic acid derivatives containing at least one boronic acid residue.

The invention further provides a process for preparing organic boronic acid derivatives
comprising reacting an organic compound having a boron reactive site with diboronic acid

30 in the presence of a Group 8-11 metal catalyst.



- 2- The use of diboronic acid offers a conveni ent and advant ageous
means of introducing a boronic acid residue into an organi c conpound
over convem@pPYiRMo reagents. Its stability t owar ds wat er parduesgugesn under
anbi ent conditions provides for ease of use when 5 conpared wth other
reactive and sensitive reagents used to nake boronic acids via the

esters, which require a strictly controlged environnent. In the
preparation of organic boronic acids, the use of diboronic acid affords a
nunber of advant ages over that of diboronic acid esters. Fi rstly,

di boronic acid itself is readily 10 prepared from
tetra(di net hyl am no) di boron. Secondly, the need for a hydrol ysis or

hydr ogenol ysTRe &e£6f dibordhicCaeitvefiéred cafivenieat bed sdviaftagesud metink be inproduting a
reacti on product. Thirdly, by avoiding a hydrolysis or hydrogenolysis

step, the fobomticasidbfesislie itolanorgapic compound QEQTSCOFﬁCQtWéaerGEgﬁﬂFSo nitsrbtabilife i s
?l :Am ng‘;}:ﬁ} Wwds?\ggtg; o gxy%%%ilﬁ anaixgg degx%&%%apqoélge%r L& @l Gl APPl e
nBlerr] (G4, e{rLd L&étﬁ%ﬁ'rr@ Rk fahd ferditih %ar bds used to rh&ke%?oﬁl@‘ﬁ’cﬂ%%fh fheund

that the dehy ted form of boronic acid can also be used to 20 prepare
boroni ¢ aci dedlers) which\te@.nreTzhanbtby oonttodleth environmentd of t he dehydrated formis
stable in refluxing nmethanol, ethanol, isopropyl alcohol or t-butyl alcohol
and is not cl eaved by cold water. The dehydrated formis soluble in

et hanol at o&m t%’li?%!o%t ?gamcf b%r%bi%saga¥e§%rtﬁ§g bfhlégi[ ice%%@g%rdgr mtrnber of

i sopr opanol err

Md osky, R ddvana%&%ﬁérQﬁht%NhHororﬁ@@ﬂ@ estéAM 3R dideoniclfd ilSaf H1eldil25
As used herein, the term "diboronic acid" refers to (HO[err]B-B(OH)[err]

or its deHdempamd from tqsraé@mthylmo)dlbor@mest@mw B agad dome hydrebysisre”
¢ _boroni ¢ aci

refers to th ro The . term
o vat | ver  RltBPERAER Ry h a6 SRR Is4RE pfimaey Fleforfhcuct
- 3- Thirdly, by avoiding a hydrolysis or hydrogenolysis step, the formation of alcoholic by-

products in the reaction mixture is eliminated.

15 Diboronic acid can be dehydrated (T Wartik and E.F. Apple J Am. Chem. Soc. 1955 77
6400; 1958 80 6155).
nB,(OH), — [(BO),], + 2nH,0O

It has now been found that the dehydrated form of diboronic acid can also be used to

20 prepare boronic acid derivatives. The boron to boron bond of the dehydrated form is
stable in refluxing methanol, ethanol, isopropy! alcohol or t-butyl alcohol and is not
cleaved by cold water. The dehydrated form is soluble in méthanol at room temperature,
dissolves rapidly in ethanol or isopropanol on warming, and in t-buty! aicohol at 82°C.
(A.L. McClosky, R.J. Brotherton & J.L. Boone, J Am Chem. Soc. 1961 83 4750)

25 '
As used herein, the term "diboronic acid" refers to (HO),B-B(OH), or ifs dehydration
product; and

the term "boronic acid residue" refers to the group -B(OH),.

30 The term * organic boronic acid derivative" refers to an organic compound having a



boronic acid residue at a substitution position. The term "boron
reactive s used herein refers to any carbon atom wit nol ecu
capabl e of“ﬁggg??ﬁg wi th diboronic acid in the presence of Q&E?B ‘@“ﬁl
netal catalyst to 5 provide a boronic acid residue on that carbon atom
Exanpl es of boron reactive sites |nclude carbon atons havi ng hal ogen or
hal ogen-1i ke substituents, carbon atons‘taklng part in carbon to carbon
doubl e or triple bonds, and carbon atonms in an allylic position havi ng
a substituent |eaving group. 10 It has been found, in particular, that
when an or garboronio agid wesikduesat iarsy betititiinoppsitionr hal ogen-|i ke substituent
is reacted with diboronic acid in the presence of a Goup 8-11 net al
catal yst and a suitable base, the halogen or hal ogen-like substituent on

t he organic wefal :

Accordi ngly, Il‘hl’? tone eﬁﬁgé%‘rﬁﬁgﬁ; ﬁ%&fﬁ%rg%tr?gegﬂ %lgc ea??dsfld atélgl\s;‘%v @!ﬂg amol%éule
process for capah¥ ePreattig witlydibocodio asidiig tireqiresedes oﬁ/aGrmq:SSMIrﬁétam@myst 3&S
reacting an organi ¢ conpound havi ng a hal ogen or hal ogen-1Iike

subst i t uentS Provide aberaniaadid rpssblsnomu that cartom aleB o rbramplescf poron reaptivensites

f bl h that .t he
E;FESQ‘&%? i Bbon oS revpE frPedntr PUSedld ofPuTenlPr R BB R o
residue. partAR cHRe (O BABbRA dotible of &ifle beAGABhE c£OHR 2ient R amgn@ batiggen
or hal ogen Ilke substi tuent at a s bstltutlon position" refefs Po any

or gani ¢ conpduanihg rasubstguent deavbgrgrbap.hal ogen or carbon to hal ogen-1Iike
substituent bond at a position at which substitution by a boronic aci d
residue is desired. The organi c conpound may be aliphatic, olefinic,

acetyl eni cio 351U Y G RDUTRIRE ISP Goafl Ehifo Ml AN PERbAL OF

t her eof . e “corrpound e rther ‘conpri s ona <t 6atons  such

as sul fur, ohvpgsn-like klﬁ&ﬂﬁi&nt iehespdioR il Biboronic BEIE UM theSpresenod of AGEEY 6-11
selenium and tellurium The ternms "aronmatic" and "aronmatic

conpound(s) " regalipstadyshanda ﬁumaévleebasgothanlyalempﬁmawgwmm|snbstnnmr arl ke @nganic

consi sts of qne or ar o S. matic rings may be

-4- car ggg\ygﬁn?cg?angtp Wg&;%@gbp&nl%wﬁﬁeé Y5e mono or pol ycyclic ring

systens. Exanpl es of suitable rings include but are not limted to

benzene, biphenyl, terphenyl, quaterphenyl, napht hal ene,

t et r adyr ondphideatdimgly, in-dmerenytodayint loé tenayertionhthecesgroddéd a pomessfoacene,

benzant hracene, di benzant hracene, ({Jhenant hr acene, perylene, pyridine,

4- phenyl pyri @r%rmo organic boronic acid derivatives which comprises reacting an organic compound
having a halogen or halogen-like substituent at a substitution position with diboronic acid
in the presence of a Group 8-11 metal catalyst and a suitable base such that the halogen or
halogen-like substituent is substituted with a boronic acid residue.

20
As used herein, the term "organic compound having a halogen or halogen-like substituent
at a substitution position" refers to any organic compound having a carbon to halogen or
carbon to halogen-like substituent bond at a position at which substitution by a boronic
acid residue is desired. The organic compound may be aliphatic, olefinic, acetylenic.

25 aromatic, polymeric, dendritic, cyclic or any combination thereof. The compound may
further comprise additional heteroatoms such as sulfur, oxygen, nitrogen, phosphorous,

boron, silicon, arsenic, selenium, and teliurium.

The terms "aromatic” and "aromatic compound(s)” as used herein refer to any compound

30 which includes or consists of one or more aromatic rings. The aromatic rings may be



5 3-phenyl pyri di ne, thiophene, benzothi ophene, napht hot hi ophene,

t hi ant hrene, furan, pyrene, isobenzofuram chronene, xanthene,
phenoxat hi M@ 9%#¢#4%I e, i m dazol e, pyrazol e, pyrazi ne, peI/atehove26

pyri dazi ne, indole, indolizine, isoindole, purine, quinoline,

i soqui nol i ne, phthal azi ne, qui noxal i ne, quinazoline, quinoline, pteridine,

car bazol e, carbol i ne, phenant hridi neg.acridi ne, phenanthroline,
phenazi ne, isothiazole, isooxazole, 10 phenoxazine and the |ike, each of
whi ch may be optionally substituted The terns "aromatic" and "aromatic

conpound(s) " cé{gglé%bgﬁ gph&gwqyahc | nc CbreC}HBto &'szio?fcvycﬁéjﬁﬁ §§stems BY gFeE%f

COpO| yners an rimers e or consi st nore ar trc

rings. The t esimblosagdnerdenit are rroetlﬁﬁtsd t@baxzemejgn;ﬁmyle mrplmrgtt duiterphieny!,
strictly aromati c, but which is stabilized means of del ocalization

of [err] el e@apltsh@e@mdfeMamwhthﬁleae s‘rb@ﬂ%éﬂapilglamlﬁn@fﬂh’taée% difrdreanthragpge,
Exanpl es of pseudgaronat i N i.ncl ude hut are oy

th: o]E)_he_ne pyFPHPET 4T dC Wg:” t%racerée,&'ﬁ qargg\r?cee;ﬁ\ pe&g %:Pyé‘di’benéo‘thtaﬁpaﬁtime’
olerinc n 4! o r ftiothibph ANtIRERR Tfan,
conpound hg\r“g eﬁ ?ggglt% orll%ﬂ%gr E%nztgi ggérhgoﬁ Pg&oub lgptsgﬁ which i's not part
20 of an arorpgtane, dsobeareufdrang rehnahéne, xyshewe) phidmexathis, plirmlednpdanctts pyeazolse
sel ected from optignally supstituted strajght chain, branched or cyclic
al kenes; and P¥EzHy PEEMIGBRJHEIdazine, Iﬁﬁ‘den’é’é » QI esﬂ}’éweagmﬁ@ll%ers and

dendri ners, r u

Exanpl es of quﬁ {ﬁg’ 8(#‘ 4&}1%1%4 ggﬁrr}}%%n S ng‘?&l&e’ %ﬁlﬁdgir%eg&qtd% Q%ﬁ)ﬁé@&d to
et hyl ene, preabine, pﬂéﬂﬁntﬁrt@tﬂ@a adpidine? pBdifnthpsiite; pheiagine PRothiaZoRN &ooREzole,
cycl opent ene, 1- nethylpent -ene, hex-1-ene, hex- 2- ene, hex- 3-ene,

cycl ohexend, pherpzxatzme and tt@nleke leagit ofowlinke maméptwgoeaib/ substitutede fhe temes 2- ene,
cycl ooct ene, ,non- "non ene

ot e 1. 3 enBromaat 454 "ROHAER GO ROt inclade O ulise S, BiRE O mplgfulsse such a
cycl ohexa- 1 n3rheleons Pdend 28 ind¥e! heRkisr o ode

cycl ohept a- J?gﬁ%&tr ioé‘)né&;'lmﬁ)§1 and enc?#é%%ﬁaﬁincg‘y%@[bt%etlr aene?cyéac ec?%.m\r/\l/zrlﬁcch
may be opti omaigh.y Thebaim t pseedbardingtcd rrafers/to30rind sy st wihightis ebastrictl pandtie o
or cyclic al kene ccgnt ai ns. between | and 20 carg?n at ons.

-5- The D8} ®hichi g s@biged, A sneaay ofielqcahizatiopof m elefieons apd bekaves e sippilar
compounds, 1s°gna§109t ttgaarbﬁlqﬂc r1ng§ eﬁﬁa@f@& peelidi ?xﬁﬁtw nggttlﬁgugé Burtea&e nééhtﬁ%t@&’

herein refer any c

Di el s- Al der maﬁhnomtopﬁb@e qiyezfolmm tenround nmay aI so be an organl c
conpound having a leaving group in an allylic position. 5 The term
"acetyl eni c conpound” as used herein refers to any corrpound havi ng at | east

b b | e_bond,, The s o] d
From - opti QR <olbBRR GrBitly gt Blele R cSRRREN of S neEeiR Rt
and ol ecul espy BRIMAEEGN ouné'?ﬁwﬂ@%f %'ﬁ@%hﬁ%n%&@ﬁb% ABE1Y BBAG waARS is not part

dendri ners, V\:hl ch”include at | east one carbon 10 to carbon triple bond.
Exanpl es &0 ofiiat abineaticat pskedoearomapo systisn.i Tk otkfinidedamppuadnoiy be sklected dobmt o

acetyl ene, propyne, but-1-yne, but-2-yne, nt 1- ent 2-
hex-1-yne.  OPRGRAILY Sihsrittiel straiehhchalty brsrished orevelihalkepes, nd molesiilos, gppomers
hept-3-yne, g hRRARhYIB&les such as polymers and dendrimers, which mclude at least one carbon

to carbon double bond. Examples of suitable olefinic compounds include but are not

l.

limited to ethylene, propylene, but-1-ene, but-2-ene, pent-1-ene, pent-2-ene,

25 cyclopentene, l-methylpent-2-ene, hex-1-ene, hex-2-ene, hex-3-ene, cyclohexene, hept-1-
ene, hept-2-ene, hept-3-ene, oct-1-ene, oct-2-ene, cyclooctene, non-1-ene, non-4-ene, dec-
1-ene, dec-3-ene, buta-1,3-diene, penta-1,4-diene, cyclopenta-1,4-diene, hex-1,4,diene,
cyclohexa-1,3-diene, cyclohexa-1,4-diene, cyclohepta-1,3-diene, cyclohepta-1,3,5-triene
and cycloocta-1,3,5,7-tetraene, each of which may be optionally substituted. Preferably

30 the straight chain, branched or cyclic alkene contains between 1 and 20 carbon atoms.



oct-1-yne, oct-2-yne, oct-3-yne, oct-4-yne, cyclooctyne, nonyne, decyne,
1,3, 5- tr| d6 g 2, 4-di hexyne, each of which nmay be optlonals%
substitute 12#%rably the straight chain, 15 branched or FGJEA %026y ne
contai ns between 1 and 20 carbon atons. The term "substitution
position" as used herein refers to a position on an organic conmpound at
whi ch substitution with a boronic acid T®sidue is desired. Each organic
conpound may have one or nore, preferably between 1 and 6, substitution
positions. In 20 an aromatic conpound it is preferred that the substitution
posi tion is ThHeratefiniy compburelsmaygbe o,fandawrated earbatyd fcompoumdsypoumgugdted s
preferred that the substitution p05|t|on is at a vinylic posi tion.

t he organi c dienepodiner fesmy cppiugaad dispesy asdised herein lieferﬁﬁ’yal}YaWWQ capable Of

eoos! | bt “BeBRE A AR iy 2 Fg b, BaRR LHAC AR coRBbUAT L YL o
groups sel ecirpshid & &ﬁb@lﬂﬁw{m@@awhg ?ddf))ﬁﬂ)éhall?hb’bosﬂl@do hal oal kyl ,

hal oal kenyl , IoaIkynyI hal oaryl , dr oxy, koxy, al kenyl oxy, aryl oxy,
benzyl oxy,5 hal oal koxy, haI oal kenyl oxy, hal oaryl oxy, | socyano, cyano,
formyl, car |tro ni trqal k nitro ken , hitroal kynyl
nitroaryl, Eﬁt"'r 9‘?‘,‘? me%‘?ﬁdnc?s “%%51 BGTRI T | &'h‘ %mg at least

al kenyl ami n%neach%%% R 1rif x;'oagn Qe a@érg{e}(seﬁayspfb%unds may pe selected from

-6- nzylamno, 1 mno m ne m ne kynyl'1'm no,

arylim no b@ﬁauﬂlyrsub@mmted sdnigﬁnz}ydxmmrmhea@)y kyclial dieynek any molstukegnytoaoyiers
aryl acyl, acyl am no, diacylammino, acyl ox al kyl sul phonyl oxy

aryl sul phenwxdxgacrmelémd@wcwas Pﬁ@ﬂ@%@%g@ﬂvm%t@?l%y@l@m%ﬁéﬁaﬂ one carbon

hal ohet er lL.sul,p car boal kox C rboar oxy
ror capt o, 10 46 sippp Pl voan J5Reies B SBE REs SR B e Rl F Pl o
and phosphorgitédoRt Rbeng, prop@hie) bRe-1-yne, butLZlyQé‘%eﬁﬁp%E ﬁgnt-tzhyn‘é h@%—qfﬁdeon
the organi c conpound fust 1nc ude at "I east one hal ogén or hal ogen-’l i ke

substit uent rau-Qaym.l hek-i3tyrtei, oyclphmcym drept oy abpbzwaachap&a-ynet hy(tld)feaptyne
d| boroni c CI d. Th2t Xt erns_"hal ogen-1i ke substituent"”

" pseudo- hal |°(9é" “YOgf BFt-4-3n& AFt-3BE PTfeEs CYCIRRLYRE, qof‘yrﬁﬁ’(%@fﬂe drds Aﬁ“B?t?j%‘?u c
conpound, [4SRGV bl BF RAIAN %rﬂm'ngl@ E't?osﬂgﬁegig NBfeferabl fth% ér : e

catal yst and’base to give an organic ronic acl rivatrv

hal ogen si®dradched bs cydie! limelconfdinsdrelvden.1 die20 eabsr amoing. of chl oro
substituted aromatic ring conpounds can be increased by sel ection of
appropriate ligands on the palladium 15 catal yst. Exanples of hal ogen-|ike

substi t uent d I | ts

phosphat es ;I‘Hg q? 'lrxflcll)sgllbér Euglogkggu ?ﬂfs?éé ﬁrfﬁg&é g&? g g%? n%ﬁsokgmxc

(I nnovati On?cohgbound & @Bih %u&ﬁﬂitib@s\#ﬁh BYbolenid abidi resid @iy ddkir€d BackOtrganit995,

| SBN 0-471-95483 3

compound may have one or more, preferably between 1 and 6, substitution positions. In.

20 an aromatic compound it is preferred that the substitution position is directly on the ring
and with an olefinic compound it is preferred that the substitution position is at a vinylic
position. If the organic compound is a polymer or a dendrimer it may have many

substitution positions.

25 In this specification "optionally substituted” means that a group may or may not be
substituted with one or more groups selected from alkyl, alkenyl, alkynyl, aryl, halo,
haloalkyl, haloalkenyl, haloalkynyl, haloaryl, hydroxy, alkoxy, alkenyloxy, aryloxy,
benzyloxy, haloalkoxy, haloalkenyloxy, haloaryloxy, isocyano, cyano, formyl, carboxyl,
nitro, nitroalkyl, nitroalkenyl, nitroalkynyl, nitroaryl, nitroheterocyclyl, amino,

30 alkylamino, dialkylamino, alkenylamino, alkynylamino, arylamino, diarylamino,



As used herein, the term"|eaving group” refers to a chem cal group which
i s capabl e of 20 being displaced by a boronic acid residue. Suitable

| eavi ng gr¥OpY134&e apparent to those skilled in the ar®cCardsmei2ade
hal ogen and hal ogen-1i ke substituents, as well as ester groups.

The process according to the present invention is especially suitable for
the preparation of 25 organic boronic acgd derivatives which contain
substituents which are reactive with organonetal | i ¢ conmpounds, such as
Gignard reagents or alkyl lithiunms, therefore unsui table for reacting

using st andg}e wrlgugget IRQYalkE?lgﬁ@%%elt {aggﬁ{/ﬁﬂﬁfot lahy1RAHS, Béri2ylimind, | T St

pr ot ect ed ch dl'ass reactive s are the active hydrogen

cont ai ni ng dlbe@y[mﬁmb U3, salkeﬁlymcylemmynyhtylyaryﬂacgﬂ,cxgghnnm]tchaayﬂmno acyloxy,
substituent” as used herein refers to a 30 substltuent whi ch contains a

reactive hyml&ﬂwpmmxmﬂmlwnbb%uhﬁe@%Y » Digteracycloxy, heterocyclamino,

c;r boxy (: Rg}llﬁii buéyc ga?@‘éﬁt?k#b?’&é &ﬁ{gﬂﬁ%@f%&%@g&@o ﬂﬂf%xﬁgﬁﬂn no,

sul finyl, gulifi 'E}hH‘ E'éﬂ 118! hdyhahy dipxbiBthido, sulfaylf @mlf@h@wbho e aehtaininby | |
sul fonohydr oxI| , Z?,arryi phosphl nyl , phosphl nimdyl, phosphonyl

di hydroxyphogmhpnyl , hydroxyphosphanyl phosphono (i ncl ud| ng 5
phosphonat 0), hydrohydr oxyphosphoryl, aIIophanyI, guani di no, hydant oyl ,

urei do, and ureylene. O these substituents it is particularly
surprising tag,d ot WubinbMEE QKieadRle BioRen
substi tuent sﬂ?é]nev;% et ?‘E}% hglﬂlreﬁ gﬁﬁ? gr g{ﬁ?\r}??@%g mgoxf/l sﬁl foeanél)%t hgr
like (i.e. apAldgenlicdadblitierants smvsﬁttrtmlporsmoaddlehahheledacbmswnh(thdnélrbormmt| ve

substl tuents include trinethylsilyl. , |In the above definitions, the
term "al kyP"acids a‘@eé¢mmémah>|g@mrék@sub8ﬁm@aw@d ‘@ssusiochalider Fefersto any substituent

Strai oht °§KZ*'WE?’05 ¢ ek bl reepy ooy ey BREL with BRPRATS p K Blsfihoe

cycl oal kyl . gﬂlaﬁﬁlrﬂfcatﬁiyrsﬁérﬂlh&as& Hﬁ%x’@e an o%m%tﬁﬂﬁl@%@ldadéﬁ(ﬂatwé‘CPH’,@@(red
met hyl , ethyl, propyl, 1sopropyl , iSO butyl, sec-butyl, 15

tert-butyl, batygen Submydts irsbclednBt andLCR a‘mmawwm opyiloro substituted aromatic
1,1- dlnethyl .propyl, hexy

nt 1- et
3. et bl pont iR CBt s e b fcreaged B QoM php{ppris 1ahas o e sallodipm |
3, 3-di net Ryl , Gyl ,
i et | o oppt ey et EAROePHity spdseRicl IRHONC Iflles o dsgaves, diazorium
1- et hyl hexykaltSZ?t?osphateﬁmmmd destyibed, 1n3’allﬁd1dmrManyrhtpdnCydalys¥k (Innovations in
, 4- di et hyl penty 1, 2-dinethylpentyl, 1,63- 20 th yl,
1, 4- di met hy| Opeanie/Synthesis by Lt Fsuedaiyi Wiley & Sansy 129$,r1:3%%{ &9‘7&9@%3:7)1, 1, 3-
trimethyl butyl, octyl, 6-nethyl heptyl, 1-nethyl heptyl,
1,1, 3, 3-tetranet hyl butyI nonyl , 1- 2-, 3-, 4-, 5- 6- or
7- met
pro

3,
met hyl - oct Wk useld herdm, ﬂiﬁ'terrﬂ"le@{rmé'g%d})WrB%Pi ! a cHemical-grélp which is capable of
ropyl hexyl, decyl, 1- 6-, 7- and 8-nethyl nonyl, 1-, 2-
3-, 4-, 5-200be16g dlsplaced hy Iacbotqm(; ac1d ;esi{due Suitabledeayingogionppargl appamub@ythosel- ,
2= 3, sﬁnlk:cf3 in the att and mclu(?e halogen and halogen-like substituents, as well as ester

groups.

The process according to the present invention is especially suitable for the preparation of
25 organic boronic acid derivatives which contain substituents which are reactive with
organometallic compounds, such as Grignard reagents or alkyl lithiums, therefore
unsuitable for reacting using standard Grignard methodology unless these substituents are
first protected. One such class of reactive substituents are the active hydrogen containing
substituents. The term "active hydrogen containing substituent” as used herein refers to a

30 substituent which contains a reactive hydrogen atom. Examples of such substituents



25 net hyl decyl, 1-, 2-, 3-, 4 5-, 6- or 7-ethylnonyl, 1-, 2-, 3-, 4- or

5- propyl oGy 0 2- or 3-butyl heptyl, 1-pentylhexyl, _ o
3-, 4-, 5- ,62?/}279%9 , 8-, 9- or 10- met hyl undecyl, 1-, 2},@.8&?%@?2%5- ,
6-, 7- or 8-ethyldecyl, 1-, 2-, 3-, 4-, 5- or 6- propyl nonyl, 1-, 2-,

3- or 4-butyloctyl, 1-2-pentyl heptyl and_the |ike. Exanples of cyclic
al kyl include nono- or polycyclic al kyl™groups such as cycl opropyl,
cycl obutyl, 30 cyclopentyl, cycl ohexyl, cycl oheptyl, cyclooctyl,

cycl ononyl, cycl odecyl and the Ilike. The term "al koxy"
denot es st r ainglatle bhiaane not litnitad ¢d bydrakk.oxyino pinghey augtyenol capozy Kimglading

i 11oront | CaRRPRIaON SoRGRON, campokimcy Lo UBRGI i HRIEE SO BuRLt Pt
mono- . o - op S8Ry, SLARARRAPT, spiiok BRI R il IEMhERL RO ERAT )

defined, pr efigyspidngl @hgdoryptosptanylEhadmlkeshosphaalyk eriipbphono (imtudmagy|
al lyl, 1- met hyl'vin but enyl , iso-butenyl, 3-nethyl-2-butenyl,

é- Eent-en?/l ) wy?p?pnmegﬁrphmﬁoxyphnﬁxh?l, @Wl@@?ng@ﬁthgo,lhy@;am% ureido, and
- hexenyl, cycl ohex 1- hept eny. - hept en 1- cten
cycl ooc%/enyl ,rell-eﬁ?)nZﬁ%‘?seprSS’ﬁWlf isﬁ%@‘r’r@?{& ,yurli@%i%%ém}ﬁ’,e rggéc/fgdélecrﬁl} ¢ 1 3.

but adi enyl, J5 : - ovel iR R¥w of Rt RXRMAViy. Carboxyl,
1. 4- hexadi enérinﬁu%’t,@g’_ﬁfﬂ I%féﬂyééyénd:g‘a:ﬁﬁ’lﬁ seReRieRt ifVdw ofl th3ir ey fty. Carboxy

, ’fohexadi enyl, 1, 4-cycl ohexadi enyl, )
1, 3- cycl ohep&iafdi adythe like 8. &-acidit)cnbsiitednts may requird additibpd, tase. Other reactive

, 7-cycl ooct at et raenyl 15 The term "al kynyl" denotes groups forned from
strai ght chasubstityerisénrdedegrimapsiisiylal kyne i ncl udi ng al kyl and cycl oal kyl
groups as,pr evi ously defined which contain a triple bond, preferably C2

20 al kynyl'. Exanpl es of al kynyl include ethynyl, 2,3-propynyl and 2,3- or

3, 4- but ynyl . In thd QbdVieddfantidnsaciel téme"slkgl", atedrsther albie comP@mbund vtgds sh &S
"acyl oxy", "ac i am no" or "di aca/,l am no" denotes carbanoyl,
i

|t hi 0", " |
ali phat | ¢ aclalkepybupyalkall, delkyliedurslkylamiseend (dintky lamingbAeONS SRt GARBN
i f d i | .. het [ ] i i i .
ot od o bRt uRhe AL Rrere R Act S HIGTEE chodlllY ErampfN 6fsdalen chyin
i ncl ude o Q%HBi@d?allﬁ{l A TEdY mEMRI, Ref, ﬁﬁﬁﬂ?%ﬁ@bl&wl iﬁ%ﬁﬁtﬁ'l,%cmw' :

acetyl, propanoyl, 25 bdtanoyl, 2-hethyl propanoy pent anoyl , _
2, 2- di et Y| erepaplo pmyl hiscamdy bec-dmaydt dyPagimethylpropydt anlogimethpdraopyil hexyl, 4-
decanoyl, undecanoyl, dodecanoyl, .tridecanoyl, ég

pent adec anoyMethyiBeRld c limsyy Pty ZdRBHBEAYL. dap %gﬂgﬁ ﬁn E%‘%ﬁ‘&@’(?&%ﬁlﬁd
e AR STl o TG o Bt gty
cycl oal kyl cafrhnetylpsspsh 18,$,ﬁﬁimﬁﬁlp@:@?pyk?@,tﬁ)n&thoxyhﬁxbnbhmtwdxgmﬁ,z-
cycl opentyl Cceilirrrtxje(t):}rx%;fen%rrll(,j 3?¥?1i|n(1)erg}%ﬁgén%?lt Bgir-]giniethylpentyl, 1,2-dimethylpentyl, 1,3-
20 -dimethylpenty!, 1,4-dimethyl-pentyl, 1,2,3,-trimethylbutyl, 1,1,2-trimethylbutyl, 1,1,3-
trimethylbutyl, octyl, 6-methylheptyl, 1-methylheptyl, 1,1,3,3-tetramethylbutyl, nonyl,
1-, 2-, 3-, 4-, 5-, 6- or 7-methyl-octyl, 1-, 2-, 3-, 4- or 5-ethyltheptyl, 1-, 2- or 3-
propylhexyl, decyl, 1-, 2-, 3-, 4-, 5-, 6-, 7- and 8-methylnonyl, 1-, 2-, 3-, 4-, 5- or 6-
ethyloctyl, 1-, 2-, 3- or 4-propylheptyl, undecyl, 1-, 2-, 3-, 4-, 5-, 6-, 7-, 8- or 9-
25 methyldecyl, 1-, 2-, 3-, 4-, 5-, 6- or 7-ethylnonyl, 1-, 2-, 3-, 4- or 5-propylocytl, 1-, 2-
or 3-butylheptyl, 1-pentylhexyl, dodecyl, 1-, 2-, 3-, 4-, 5-, 6-, 7-, 8-, 9- or 10-
methylundecyl, 1-, 2-, 3-, 4-, 5-, 6-, 7- or 8-ethyldecyl, 1-, 2-, 3-, 4-, 5- or 6-
propylnonyl, 1-, 2-, 3- or 4-butyloctyl, 1-2-pentylheptyl and the like. Examples of cyclic
alkyl include mono- or polycyclic alkyl groups such as cyclopropyl, cyclobutyl,

30 cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, cyclononyl, cyclodecy} and the like.



- 9- al kyl sul fonyl such as net hyl sul fonyl and et hyl sul fonyl;

al koxysul fonyl such as nmet hoxysul fonyl and et hoxysul fonyl; aroyl such
as benzoyWOP¥I#Y| and naphthoyl; - aral kanoyl such as pREFAURBREMGYI
(e.g. phenylacetyl, phenyl propanoyl, phenyl butanoyl, phenyl i sobutyl yl,

phenyl pent anoyl and phenyl hexanoyl ) and napht hyl al kanoyl (e.g. 5
napht hyl acetyl, napht hyl propanoyl and napht hyl but anoyl | ; aral kenoyl such as
phenyl al kenoyl (e.g. phenyl propenoyl, phenyl butenoyl, phenyl nethacryl oyl,
phenyl pent enoyl and phenyl hexenoyl and napht hyl al kenoyl (e.g.

napht hyl pr Op?ﬁ'@?él'm " alkoRFP BErRY R P haiA BE brdBhed ke tperepdblyi C, o atkoxy.
ar al koxycar bonyl such as phenyl al Koxycar bonyl (e.g. benzylox ggybonyl);
aryl oxycar boBydmplesctf dkoxyhiaclngy cethivoyy btharyl, H-prapapy higppirpes asiipe different
-aryl oxyal kanoyl such as phenoxyacetyl and phenoxypropi onyl ;

ar yl car banoyPutRxi§0®ESpheny| car bamoyl ; aryl t hi ocar banoyl ~such as

phenyl t hi ocar banoyl ; aryl gl yoxyl oyl such as phenyl gl yoxyl oyl and

napht hyl gl yoxyl oyl ; aryl sul fonyl such as phenyl sul f onyl and

napt hyl sul §onyd terfetaiieaelY Qieh@t@ﬁghﬂﬁyfdmi&ﬁtfﬁdrﬂ@y@ilghtﬂiaﬁmﬂﬂmlchem ohcwdic alkenes
t hi enyl acetyl, thienyl propanoyl, thienyl butanoyl, thienylpentanoyl,

t hi enyl hexanmglugdingzthiieriealyymhanet di- orppolaunsapunipd alkad or Cyheplkyl groups as

tetrazol yl acetyl; heterogcyclical kenoyl .suc het.efQcvcl. i .
et er ocyel | cBETIHYY IenHGE SrEeye Cponakoyt Erarpie Ak AhPRM TR 2RER A 1
and het er ocyglLitGglnax C tj yl BY deyel 1, 1-

t hi enyl gl yoxgﬁkglgwﬂﬁ’ g%t‘e%lé?s??rﬁrt@% 'l"hj;%rgr (l:gcl?ilt%@)ﬁyi Eer'ltltgl?%cgl}::cl c;/plepteg)r/]d

"het er ocycl " magiylsgdopeareaiyh) lohexehgi B-lewenydr cycloheasnydat theptend, grheptengludh as
"het erocycl i cal kenoyl ", heterocycl oxy"” or "hal oheterocyclyl refer to
aromatic, 1psewieny] apysirocieayhidnorisAYlaloiRent, PrIegendr lﬁe%‘a‘yiy%ggi’?ﬁy iXh
contain . re. t r ' igh
may be opt i oI TR F LSRR, BT Rnadiend], Hlh B0 T
have 3 to 20cwadHeRadiatyd s 4-cHaphekdtgsnydr 1,3 Tytloheptadis s, 3nmyydichepedtiatydand

fromthose descri bed above in relation to the definition of "aromati c
conpound( s) " 1,3,5,7-cyclphetatetreenylaryl " as used herein on its own or as part of
a group such as "haloaryl" and "aryl oxycarbonyl" refers to aromatic and

pseudo-aromatic rings or ring systens conposed 30 of carbon atons, .
pref erabl y sbehveen Guangi2fneas RedhpaifenFed fTH@ stialkde clRdinf bragciRy ot epdlic alkyne

including alkyl and cycloalkyl groups as previously defined which contain a triple bond,
preferably C, 9qalkynyl. Examples of alkynyl include ethynyl, 2,3-propyny! and 2,3-or
3,4-butynyl.

20" The term "acyl" either alone or in compound words such as "acyloxy”, "acylthio”,
"acylamino" or “diacylamino” denotes carbamoyl, aliphatic acyl group and acyl group
containing an aromatic ring which is referred to as aromatic acyl, or a heterocyclic ring
which is referred to as heterocyclic acyl, preferably Cq_pq acyl. Examples of acyl include
carbamoyl; straight chain or branched alkanoyl such as formyl, acetyl, propanoyl,

25 butanoyl, 2-methylpropanoyl, pentanoyl, 2,2-dimethylpropanoyl, hexanoyl, heptanoyl,
octanoyl, nonanoyl, decanoyl, undecanoyl, dodecanoyl, tridecanoyl, tetradecanoyl,
pentadecanoyl, hexadecanoyl, heptadecanoyl, octadecanoyl, nonadecanoyl and icosanoyl;
alkoxycarbony! such as methoxycarbonyl, ethoxycarbonyl, t-butoxycarbonyl, t-
pentyloxycarbonyl and heptyloxycarbonyl; cycloalkylcarbonyl such as

30 cyclopropylcarbonyl, cyclobutylcarbonyl, cyclopentylcarbonyl and cyclohexylcarbonyl:



-10- may be optionally substituted and may be sel ected fromthose
descri bed %3%3254{3 relation to the definition of "aromatic conpound(s)".
It has al so en Tound that in the presence of a G oup 8- 11PEALPSRY RS, yst,
di boronic acid 5 may add across a carbon to carbon double or triple bond

of an olefinic or acetylenic conpound such that a boronic acid residue
is introduced on each of the carbon atons? of the respective double or
triple bond, such that the double bond becones a single bond and t he

triple bond becomes a double bond. In the case of two or nore conjugated
doubl e borafisy st onlyb suwhi a5 rasthl sul syt eresethpplgulienyl;ndtk@dgseifehyd sutthas di st al
carbon atons participating 10 in the conjugation I’eSLiHi ng .in | oss of
conj ugat i on. methoxysuifany asd efhpxysultfomsk Ao sueyas benzayly ilyeyl andsaphhoyls

o) oneactpRasd siE! fSendialhostt e niRidafy L et RGN, B Biftanoy,
relation 10 GHeh¢RsoBLEH, Bﬁédylpéh&ﬁb&l%diﬁheﬁﬁfgégaﬁaﬁ'?@ﬁd hipHiefleikandyo é%r@e

carbon atons "at each énd of the conjugated chain of carbon atons.

exanpl e, the miphthalacety oreaphityprepanny llar@-iephtu|butasopl] parelieboyl withhas 1 and 4.
The expression "l oss of conjugation" as uysed herein refers.to th

conver si on ofPhgnyigiksnay! (eﬂa(Pﬁg“YéPmHer&y jﬂlj&?‘@ﬂteg%z Béﬁqyﬁqlﬁthécrgf%(gl e bond.
This may res ' ' ' rt,i

con; ugat i on. L BeiRHBIEhE e InAlent] EMUHRNRENG] (B3 b Bipebvl,

| oss of conj ugghit§tbutenoyl aftsaphetiyl@nenoyl); aalkokgrarisonyd diokeastphefiylalkexycarbonyl

I nvention, there is provided a process for preparing organic boronic
aci d derivat i(ees behrdhxycamenybearylexyearbagy! suclopephoapry@ryant ands conpound

naving at fEABPUSREOERTEOR: o SRIRRo G & BERaiee B o8 BhnsRTuoayEr
the presence nﬁ%&b@gy%@ﬁ&s%h&ﬂyl%ﬁﬁhoﬂ ?E@!{ltﬁﬁkaﬁﬁﬁlﬁyﬁ fRh 28 pﬁ?ﬂ)?irl:xié&aﬂﬁnﬁbyl;

residue is i on one or ‘two of e carbon atons o
respective doarplgtyaxyldyl ispdheastpiedylglyo8gloyhandt maphihy (@lynxyl@d ddrytsetfahylcachlay st "
?S 1lis?d her el ;g]hernglfsglrfgnytl C:)m(;i1 ng}?th}?llsgl%ny?;olg%rincs;crlllgcaarlbony1; heterocyclicalkanoyl such as
thienylacetyl, thienylpropanoyl, thienylbutanoyl, thienylpentanoyl, thienylhexanoyl,
15 thiazolylacetyl, thiadiazolylacetyl and tetrazolylacetyl; heterocyclicalkenoyl such as
heterocyclicpropenoyl, heterocyclicbutenoyl, heterocyclicpentenoyl and
heterocyclichexenoyl; and heterocyclicglyoxyloyl such as thiazolylglyoxyloyl and

thienylglyoxyloyl.

2'0 The terms "heterocyclic”, "heterocyclyl" and "heterocycl” as used herein on their own or
as part of a group such as "heterocyclicalkenoyl”, heterocycloxy" or “"haloheterocyclyl”
refer to aromatic, pseudo-aromatic and non-aromatic rings or ring systems which contain
one or more heteroatoms selected from N, S, O and P and which may be optionally
substituted. Preferably the rings or ring systers have 3 to 20 carbon atoms. The rings or

25 ring systems may be selected from those described above in relation to the definition of

"aromatic compound(s)”.

The term "aryl" as used herein on its own or as part of a group such as "haloary!" and
"aryloxycarbonyl" refers to aromatic and pseudo-aromatic rings or ring systems composed

30 of carbon atoms, preferably between 3 and 20 carbon atoms. The rings or ring systems



nmetal of Groups 8-11 of the periodic table described in Chem cal and

Engi neeri ng News, 63(5), 27, 1985. Exanpl es of G'oup 8-11 net al
cat al ysts WREYAI&0 pl ati num netal , Pt (O conpl exes 5 anal oSIT¥AYE/00726

pal | adi um conpl exes described in detail below, or conplexes readily
reduceable to the Pt (O state. O her exanples include iron, cobalt, nickel,

copper, rut heni um rhodium palladiupg-silver, osmum iridium
pl ati num gold and anal ogous conpl exes of these netals. Metals and
conpl exes with readily accessible | ow oxidative states are particularly

sui table. Pr &Iag%%g;i&}ﬁélg{ YiBbtiuftASinl *ﬁggbé B rdPRGn! tioddedritRY Iafladd i}ﬁerel_]algi)/n

addition and r ctive I'mnation. skilled in the art would readi be
abl e to sel egftha definitistiiof dbdomatiatcainpstind(s)'t hi s basi s. Wien the G oup
8-11 netal catalyst is a palladiumcatalyst it nay be a palladium

conpl ex. Exanples of suitable palladiumcatal ysts include but are not

p(PPh3) 4_an TPSERP 05eh Tl yiRtdh (Y esegol oL Uiouh 8EP A LS Hbbfdic acid
ligands, (su ﬁﬁf a3d GBRkes cBoshd eirbbi eablk oPiifiplebohd oagbRfiRid 6 Retylenit.

P(o-tolyl)[err P(i-Pr)[err], P(cycl ohexyl )[err], P(o-MeCPh)[err],
P( p- MeOPh) [ ecothpouhdpsuch thap b bomiigagid Taviddwe; is il\lF@},uced o fhel carepmaomst er
sol ubl e phosphines), related |] ds, (such as triaryl arsine .

ri arylant | noRyeerie SRSt bomb o _ﬂ“@t e gowhle’hend decoftessy dpgly gond and
P(O-p-tol yl) & tﬁé@%hd%@c&rﬂ%;)’i ﬁé}lﬁ@gﬁﬁc{.olﬁ Ble)Bde BN PENBbreSidn %u_%@!e@ dohggnds
i ncl udi ng those contai ning and/ or atons for co-ordinalti'ng to the
pal | adi um at bemdis ths befonasacidresiziasmiag beyinirdduved oalthey dismhcdarbon atamglparticipating

substituted pyridines, 2,2 -hipyridyl, alkyl, suhstjtuted 2, 2'-bipyridyl
and bul ky 10 11 $i8coniygasonoresylapg iy jogs aﬂfmgga}ﬂoangnéb%%seﬁ ﬁfﬂ%&ﬁaﬁ% ﬁeam

catarysts i nerau e sfble parodo R idle 1 yAREE Y felPLarBtl 4D e

tethered on gl ka8 fsJestsuch as pal | adi um on carbon, as well as
pal | adi um bl ack, pal | adi um cl usters, palladiumclusters containing other
nmetal s, and palladiumin porous glass as described in J. Li, A WH Mu

d CR St , i | Com i t.i 997 1275. The. .
a1 6r ent _pail PETTim EoEL 2 yped FRIGIRE rEGHAR Focarbon ApmRFERRYAE L RMUEAIS | o
the process. kbg paid &ﬂb&{;&é@% aag %%Ih e{}ﬁyOf%é Bolifg & GRLPer Edroon #0mEhawe

described in U S, Patent 5, , . I'n certain reactions there are
advant ages i example, the distal carbon atoms in 1,3-butadiene are carbon atoms 1 and 4. - 12 -
using ligands with altered basicity and/or steric bulk. Preferred
catal ysts are palladium and platinum catal ysts as descri bed above. Were

the react ijg e@?ﬁ%&éﬁ?o@oﬂoﬂﬁ@aﬁo&oma Ge LAY k8rs3o B QAF&sBh of a double

hal ogen-1i ke "sub
bond of a conjugated system into a single bond. This may result in complete loss of

20 conjugation or partial loss of conjugation. In some cases there may be some

rearrangement following loss of conjugation.

Accordingly, in another embodiment of the invention, there is provided a process for
preparing organic boronic acid derivatives which comprises reacting an olefinic organic
25 compound having at least one carbon to carbon double bond or an acetylenic compound
having at least one carbon to carbon triple bond, with diboronic acid in the presence of a
Group 8-11 metal catalyst such that a boronic acid residue is introduced on one or two of

the carbon atoms of the respective double or triple bond.

30 The term "Group 8-11 metal catalyst" as used herein refers to a catalyst comprising a



5 palladium catalysts are especially preferred. Where the organi c conpound

I's ol efiniwo®s/2940 acetylenic platinumcatal ysts are especilgaé.lllxupd'/&gf{)red.
It has al so been found that when an organi c conpound containing a carbon to

car bon doubl e bond and a | eaving group at an allylic position, is
reacted with diboronic acid in 10 the prﬁﬁence of a Group 8-11 netal

catal yst, the |leaving group can be replated by a boroni c acid residue.
Preferably the | eaving group is an ester group. Accordingly, in yet
anot her enbodi nent, there is provided a process for_preparing organic

bor oni ¢ aci dmgtal iof SirpupssS-hh o€ easrigdicsaltle descaibed gn &hewicel nnd Engisagringews,
havi ng a Ieag%ggﬁif g& up at an allylic substitution position with

di boroni c ac P ’ﬁ Sresence of a Goup 8- 11 nmetal catal yst such
that the leaving group is replaced with a boronic acid residue. Thi s
reaction may be perforned in the presence of a suitable base. 20 The
process nay Brapplet of Geobp 81anyetsluiataysteinsioke phatinom metal; tt{Ontomplexes

Exanpl es of such sol vents incl yde 1 des . of the |ower aliphatic
car boxyl i ¢3adRaiegoysdo ﬁg\,@?laéxppbmgﬂexes%r&ggggﬁ@ggtﬁﬁéaﬁ{%,%sqr "Bﬁg’@xeéﬁ"?ﬁﬁiﬂﬁ’i c
hydr ocar bons | t Oyt L. | : 00t e, o e

pol yet hers, Eeﬁ@i;%a'é) e htggg?(q%v&v‘gér' erttgerﬁgk( Ifrgplgf hné:?g{ézl@wecpbgﬁc%ﬁgﬂs%@gﬁ%

thei r est er spwhdiuhh ehddawey pAlatipigtsiloes asmuey) irklhan) platinmil gelidned analogous
al kyl pyridines, cyclic and 25 the | ower secondary and tertiary am nes, and
m xt ures t hee@oplex¢sf therermpetalsx tetals apd chmplexepwithreghlyvasaessible low oxidative

preferred enbodi nent of .the i. ntion the process |S rformed in a protic
Solvent . Stases s eautgladyppiibles brefared el A8 doveithirsodiomdinaidatins

al cohol s. 1WbsAdifeeheS ARLYIRRINBasR], VORE skifedBl @6 arCkBARGkadi RSN HOlo select
| sopropanol or m xtures thereof, including

- 13 - sutiableuragalystionhthistblasis. sol vent s. The tenperature at which

each step of the process according to the invention is conducted will
depend on a nunber of factors including the desired rate of reaction,

ot ! b, a9 RG] 11l Lt SDANRASADS RLELLORMIER..
general | y becomipleke Bram@ies@ft suitdhle palladbleh esthlysts ihdlude Witefre hoelimited to PACl,,
15 Pd(OAc),, PdCl,(dppf)CH,Cl,, Pd(PPh,), and related catalysts which are complexes of
phosphine ligands, (such as (Ph,P(CH,),PPh,) where n is 2 to 4, P(o-tolyl),, P(i-Pr),,
P(cyclohexyl);, P(o-MeOPh);, P(p-MeOPh);, dppp, dppb, TDMPP, TTMPP, TMPP,
TMSPP and related water soluble phosphines), related ligands (such as triarylarsine,
triarylantimony, triarylbismuth), phosphite ligands (such as P(OEt),, P(O-p-tolyl),, P(O-o-
20 - tolyl); and P(O-iPr),) and other suitable ligands including those containing P and/or N
atoms for co-ordinating to the palladium atoms, (such as for example pyridine, alkyl and
aryl substituted pyridines, 2,2’-bipyridyl, alkyl substituted 2, 2’-bipyridyl and bulky
secondary or tertiary amines), and other simple palladium salts either in the presence or
absence of ligands. The palladium catalysts include palladium and palladium complexes
25 supported or tethered on solid supports, such as patladium on carbon, as well as palladium
bléck, palladium clusters, palladium clusters containing other metals, and palladium in
porous glass as described in J. Li, A. W-H. Mau and C.R. Strauss, Chemical
Communications, 1997, p1275. The same or different palladium catalysts may be used to
catalyse different steps in the process. The palladium catalyst may also be selected from

30 those described in U.S. Patent 5,686,608. In certain reactions there are advantages in



enbodi ment the process is perforned at a tenperature between -20 and 80,
nor e referably between 15 and 40[err]C. 10 The term™ suitable base"
as used h&QRMU2P¥ ers to a basic conpound which, when pres@gr/AU98/00M6t he
reaction mxture, is capable of catal ysing, pronoting or assisting reaction

bet ween reactants. The base may be suitable for catalysing a single
step, or nore than one step, dependi 1g- on the desired outcone of the
reaction. For exanple a base may be chosen whi ch cat al yses reaction

bet ween the organi ¢ conpound and the di boronic acid, but which 15 is strong

enough to caﬁ%lx%ﬁg?ﬂdgr“;iﬁpﬂteg.&pggsgcgﬁdﬁg{d}:sg&gtﬁmgj boronic acid derivative

wth addi organi ¢ conpo er organic conpounds. It is
al so preferable that a base is chosen which is soluble in the sol vent
to which it is added. Exanpl es of bases whi ch are sujtable faqr

cat al ysi ng t Reefereesceatalysty aretnadladinginandceplaiénmse Gafalyws ap desaibed pbevsni Where thecj d

i ncl ude, carboxyl ates. (for exanple si.um t f - .

hydr oxi des, e %Valé( s %W%'gg%’gﬁﬁ% gégﬁf“’lﬂ%? ﬁ),ggr&fs} E%l,o E@?Pkgﬁ%%‘luﬁ% and
the group 2 pafaghsn Mialysts ard@pedalBrpreféieed! Walere tBlorkantd-tompiundHs ofinic()
phosphat es anhd the phoSphate ester’s (eg. C6H50P(O) (ONa)[err] and

rel at ed aryl aetydenit pidtinomnatalystisire @speci lyi preferiedxi des and phenoxi des,
t hal I i um hydroxi de, al kyl ammoni um hydroxi des and fl uorides. Some of these
bases may be used in conjunction with a phase transfer reagent, such as for

eXapl e 25 ¢ RTS8l ATl Y W e hile (SO LB ing a carbonh chibon

possi bl e to use stronger bases, suc or catfalysing the
reaction of aguble boit gai eaciappecupdatmvillyiic pokidbugie meatedwitiogihordrik ecid in
substituent at a substitution position with the diboronic acid by using
| over readfi B hresepes off ubeaip §-91 restalsralystoE deaving Group sinebe Teplacsd biden
;BEPLS?i g[ gdgg}onfcsacgf ﬂ:léfd{lg.d Ptr&lexsab?ya&)quav%?gh!gl%\ﬁs Cils 8¥ es%éarl ger81t1;'>.0n of finl 4 -
tenperature. The appropriate tenperature will depend on the particul ar

sol vent, base and organi c conpound utilised. It is also possible to
control the Aeeatlingly,dnyei anothes emboflionant, theresy prastidddcaprocessfbepreparnplienganic
using a stropg base, |Ln. sane cases it nay be. necessary to rai se fhe
{emper at ur o BIrORReciLATIRERoS AR D RPTBrIST 0 R R RN AP FE I bleaving
proceed. ;5 Hpuen Ay SiS6hER RIS R ditirBhL NEICHMRAL blostdceRralcHagy BN
t he coupling”step provides a ery convenient route to a [arge range of
coupl ed produttmtal catalyst dich thatrthe leaving|groupsishepladadt wiokn aposoriic auid ressdues ed
herein refers to a position on the olefinic conmpound at which
substitution with a boronic acid residue is desired and which is | ocated 10

Each of ef i ni n8 Aof b e Rt rieg 38 o et of AR Par¥ona and ther efore
nmore than 2 vinylic
20 The process may be performed in any suitable solvent or solvent mixture. Examples of
such solvents include amides of the lower aliphatic carboxylic acids and lower aliphatic
secondary amines, DMSO, aromatic hydrocarbons, nitromethane, acetonitrile,
benzonitrile, ethers, polyethers, cyclic ethers, lower aromatic ethers, lower alcohols, and
their esters with the lower aliphatic carboxylic acids, pyridine, atkylpyridines, cyclic and
25 the lower secondary and tertiary amines, and mixtures thereof, including mixtures with

other solvents.

In a preferred embodiment of the invention the process is performed in a protic solvent.
Examples of suitable protic solvents include water and lower alcohols. Most preferably

30 the solvent is water, ethanol, methano!, isopropanol or mixtures thereof, including



coupling positions. The term"allylic substitution position" as used
herein refers to a position on the olefinic 15 conpound at which

substi t ut i"BAUPH a boronic acid residue is desired and whiRGF/4698/08%4t ed
on a carbon atomwhich is directly next to a carbon atomwhich is part of
an olefinic carbon to carbon doubl e bond. The invention al so
provi des a process for preparing an orgahfe boronic acid derivative 20
conprising reacting diboronic acid with an organic conmpound having a

hal ogen or hal ogen-1i ke substituent and an active hydrogen contai ni ng
substituent ixitiRe WillEs@BE SoIdnt8 G oup 8-11 netal catalyst and a

sui tabl e base, such that the hal ogen or hal ogen-Ili ke substituent is
substituted with a boronic acid residue. 25 I'n anot her aspect of the

invention there is provided. rocess for preparing.an organic. . bqQronjc
et e Tvat ThE sBneBrP v BAcP Sertot/Oe aRpERCichric 1o Mobeftiom is coBdthg
havi ng a hal i it (R : f :

811 vt al oS fofnd Vi £EGHber df it LR ¢ Bodiioh rhbSTI0RE0R) soluliGUAd

t he hal ogen edactivitoefthelredotanssiinsthe tseiected sslvent, bsilibg point o€ chevdolvens dxar Tht C

acid residue. 30 . , . . . - 15 -
I'n anot her atpeneratare afifbe reppioR Wit geresplly be ipthevpeaedfa 189 63 23% G. ofn a preferred

preparing an_o ni ¢ boronic acid rivative risi LeAGtL |

di bor oni ¢ acP@Eaﬁ?Wnﬁwe&rgﬁsﬁi}cpe &%‘88%@?éW%erxmreC@egﬁﬁ%hﬁ@gWg%ngnﬁ%
respecti vel ypalerhb9Hendt® Br4daMD(@ carbon doubl e bond or at |east one
carbon to carbon tfiple bond and an active hydrogen containing substituent,

inthe 5 presence of a Group 8-11 netal catal yst, such that a boronic acid
residue is introduced on pne or two of the carbon ato

f.th
r espect | vaOBBBRETL, Syifablf ResEORySed hercin THTRTSIA Gt B CAEROES It R PEFTERON
there s proy] dgd.2hansRRe. cafli808f Ly AN, ABRRLSE or aslRLErB bbhween
t g(ﬂ %’ t a Fe N

derivative conprising reacting oronic 0 c or
acetyl eni ¢ 1g:aconApouritt hay iy becstiprebleifuetatalting aaiiglonep,carmenn tha 6y ey
doubl e bond or at_ | east one carbon to carbon triple bond, in the

presence of HeRGnAmg @ the detited) oundeareg ghtheirpacsiopr dior examplegobase may bsisdRsanhat
2, boroni ¢ ackidcalligs bl PAYNER O gARE cBlopbiRs s A% SALRE ! BPwhich
15 is strong enough to catalyse further reaction of organic diboronic acid derivative with
additional organic compound or to other organic compounds. It is also preferable that a
base is chosen which is soluble in the solvent to which it is added. Examples of bases
which are suitable for catalysing the reaction of the organic compound with the diboronic
acid include, carboxylates (for example potassium acetate), fluorides, hydroxides,
20 cyanides and carbonates of Li, Na, K, Rb, Cs, ammonium and the group 2 metals Mg,
Ca, & Ba, the alkali metal (Li, Na, K, Rb, Cs) phosphates and the phosphate esters (eg.
CsH,OP(O)(ONa), and related aryl and alkyl compounds) and their alkoxides and
phenoxides, thallium hydroxide, alkylammonium hydroxides and fluorides. Some of these

bases may be used in conjunction with a phase transfer reagent, such as for example

25 tetraalkylammonium salts or the crown ethers.

It is possible to use stronger bases, such as K,CO,, for catalysing the reaction of an
organic compound having a halogen or halogen-like substituent at a substitution position
with the diboronic acid by using lower reaction temperatures, for example -20°C to 25°C.

30 When coupled product is required this can be achieved by selection of an appropriate



15 In yet another aspect, there is provided a process for preparing an

organi ¢ boronic acid derivative which conprises reacting an olefinic
conpound RYYPHFY | eavi ng group at an al lylic substitubpcoauegedrhs on

wi th diboronic acid in the presence of a G oup 8-11 netal catalyst, in
a protic solvent, such that the |leaving group is replaced by a boronic acid
resi due. 20 In yet another aspect, thgfe is provided a process for
preparing an organi c boronic acid derivative which conprises reacting an
ol efinic conmpound having a | eaving group at an allylic substitution

position an Y N..C L . |t ue ] I_bor oni ¢

o d it he SBeBRe! e itpRaR bRl R M3 P Pl BFRE b g
group is 25 srighsitichtipedndvutilised. HOIsUMNCpaRsibI thedhablethe reactiod BEndNAEEE Form
according to the present invention provides a route to organic boronic acid

derivatives sMmmeiricaludoypledtproductsaisitig & songabaseb Iz serse pepes Brmanbe nacassary to
processes. Sone of t hese ani ¢ boron acid, derivatives are novel and
represent a ’faﬁﬁettﬁ% Fe%%@fe Qf&[“? ﬁ%%%?&ﬁwﬂé@ ﬂWeWFiCBHPImg reaction to proceed.

- 16 - sTeR 6% dr AOAs1R Q) QVBePRM thdSb3lifubich WaBS aflf 4R ideegun
organic boron?éc ac‘%daagl gdé’rglgléva\tlisieves g{gtg‘f ng%ﬁﬁghag oéngcli ngcb?;gpltlr}%éﬁépr cgéééggf
the present veryenhvemient route to a large range of coupled products. Table 1 5 KNOMW
BORONI C ACI DS PREPARED BY DI BORON METHODOLOGY Conpound

Cal ¢ Found Number COVPOUND STRUCTURE

M z
[err]
(d) compound at which substitution with a Hogbmit acid residue is desired and which is located

M Z
The tepm "vinylic substitution position" as Ll?éd’ Ilerein refers tola6;?ositio%16o§1 é)g&f,ﬁniczgg

10 on a carbon atom which is part of an olefinic carbon to carbon double bond. Each olefinic
compound may have more than one double bond and therefore more than 2 vinylic

coupling positions.

The term "allylic substitution position” as used herein refers to a position on the olefinic
15 compound at which substitution with a boronic acid residue is desired and which is located
on a carbon atom which is directly next to a carbon atom which is part of an olefinic

carbon to carbon double bond.

The invention also provides a process for preparing an organic boronic acid derivative

20 comprising reacting diboronic acid with an organic compound having a halogen or
halogen-like substituent and an active hydrogen containing substituent in the presence of a
Gfoup 8-11 metal catalyst and a suitable base, such that the halogen or halogen-like

substituent is substituted with a boronic acid residue.

25 In another aspect of the invention there is provided a process for preparing an organic
boronic acid derivative comprising reacting diboronic acid with an organic compound
having a halogen or halogen-like substituent in the presence of a Group 8-11 metal catalyst
and a suitable base in a protic solvent, such that the halogen or halogen-like substituent is
substituted with a boronic acid residue.

30



Confi r ned
HPLC 20
Table 2
Conpound
Nunber
[err]

301 (d)

[err] [err] 15

WO 99/12946 Lerr] %126 163 (P%T)/AU98/00726
[err] 5
165 164 (CL)
6 -[&kr] 122
CH by
-17-
¥ T ani
NMOMIthdp Qs of el inbertidnRAEEDs Brovildd@sdc hg%mg an organic

10

15

20

25

30

boronic acgOerEYMIDe STRPGYiDREeacting diboronic acid withzolefinicMracetytenic
comgound having reLpeerc{ilfely at least one carbon to ch%rorn] doub][epgopfl or at leg.?tzone
carbon to carbon triple bond and an active hydrogen containing substituent, in the
presence of a Group 8-11 metal catalyst, such that a boronic acid residue is introduced on

one or two of the carbon atoms of the respective double or triple bonds.

In another aspect of the invention there is provided a process for preparing an organic
boronic acid derivative comprising reacting diboronic acid with an olefinic or acetylenic
compound having respectively at least one carbon to carbon double bond or at least one
carbon to carbon triple bond, in the presence of a Group 8-11 metal catalyst in a protic
solvent, such that a boronic acid residue is introduced on one or two of the carbon atoms

of the respective double or triple bonds.

In yet another aspect, there is provided a process for preparing an organic boronic acid
derivative which comprises reacting an olefinic compound having a leaving group at an
allylic substitution position with diboronic acid in the presence of a Group 8-11 metal
catalyst, in a protic solvent, such that the leaving group is replaced by a boronic acid

residue.

In yet another aspect, there is provided a process for preparing an organic boronic acid
derivative which comprises reacting an olefinic compound having a leaving group, at an
allylic substitution position and an active hydrogen containing substituent with diboronic
acid in the presence of a Group 8-11 metal catalyst, such that the leaving group is

substituted with a boronic acid residue.

The process according to the present invention provides a route to organic boronic acid
derivatives which could not be readily obtainable using conventional processes. Some of
these organic boron acid derivatives are novel and represent a further aspect of the present

invention.



ocH3 [err] [err]

210 211 (Cl[err]) 8 [err]
[err] 10 wo 99/12940 [err] PCT/AU98/00726
HO 9 176 177
ECI +% 0 | - [err]

err err err _ 182 181
(Cerr]) O oH
11 [err] 214 213 (A)
[err] 20 ‘[rerrel d . L
[err] ’Jra@;qs]l and 2 belowy-show the structures of SQIRY p?v and known organic bororiic acid
érlA' 213 (Qekivatives obtainable according to the process of the pfs&nt invenfbh] [err]

Table 1

5 KNOWN BORONIC ACIDS PREPARED BY DIBORON METHODOLOGY

Compound Cale | Found
Number COMPOUND STRUCTURE M/Z M/z

,OH
I\

1 o\ B\ 166 | 165 (CD)
0 OH

10 l/\”

2 N 300 | 299 (CI)
= HO
/OH
3 H3CO B 152 151 (CI)

15. 4 O B/ 166 | 165 (CI)
H \
OH
o /OH
5 B 165 | 164 (CI)
HN “oH
OH
=/
6 \ / B\ 122 | Confirmed
OH by HPLC

20



- 18- Conmpound
Cal c Found Nunber COMPOUND STRUCTURE
M Z WP 29112940 [err] PCT/AU98/00726
Confirmed 13 [err]
168 by HPLC [err]
Confirmed 5 14 -17-
192 by HPLC [err]
[err] OH 15
[err] 183 184 (d frshtel?
[err] g{’err
[err] 10 CRGENBORUBER A?QHB‘SIHIEPHVED BY DIBORON METHODOLOGY 1
, 3- Benzodi oxple-5-haorqnic acid
1,2, 2-Tri phenggiayhgrneboroni ¢ aci d 3 Calc Found
4- I\/bt hoxyphehy Iq acid
4 (o Py oy Y . GOMPOUND STRUCTURE M/Z| Mz
4- (Am nocarsbpnyl ) phenyl boroni ¢ acid 6 OH
Phenyl bor oni ¢ acid 7 A 7\ 4' /Benzoyl [,
1' - bi phenyl ] { 4- baroni ¢ aci d 8 @‘@"B 302 | 301 (CD)
2- Met hoxy- 5- { met hoxycdr bonyl ) phefyhboroni ¢ acid \ 9
1- Oxoi ndane- 5- boroni ¢ {facid 20 4§ OH
4- ( 2- Hydr oxyegt hoxy) phq nyl boroni caci d 11
3- Phenoxyphepyl horoni ¢ aci d 12
4- Br ono- 3- net hyl phenyllbor oni ¢ aci d 8Hj 3,
3- Di net hyl - 6t oxocycl oljexene- 1 -boponic acid oH
/ 210 | 211 (CI™)
. 720
= oH
10 OCHg
HQ
9 176 | 177 (CI)
HO/ i N
L
O
A
10 0.~< g 182 | 181 (CP)
15 i
HO
A =
o¥e |
11 L/\O/\/\B 214 | 213 (CD)
OH
CHs
20 s l\ Br
! CH; OH
12 O g o 214 | 213 (CI)
§ and/or N \‘OH
OR i =
Br




14 3- Oxo0- 1- phenyl but - 1- boronic acid

- 19 - 15 2, 6- D met hoxypyri di ne- 3-boronic
aci d wo 9%2e¢r di ngly the present invention provides anpor/gass/@m7ixor oni c
acid derivative of the 5 fornula:

R-B(OH) 2 where R is the residue of an organi c conpound having a
substituent reactive with 10 organonetal {§ £ conpounds. The organic
boronic acid derivatives prepared according to the present invention

r epr esent a further aspect of the invention and provide suitable

i nt er nedi at eg—For—theTcoupHmgof oTgarn ¢ conpounds - viara carbon-carbgn
bond, or carpQompetmi ¢at om bonds. The organic 15 boronic ac [

may al so be Fonwgideed|to the cATOMPOUNDRIRECEUREr ani des| M (Mact i gn

wi th appropr o & . . ar Ty or 0 ana. o
Sur prisingly 1as been found tbat OHe presence of ap
al cohols in the initial stages of the ér eaction with dib bamém)
be advantagepus % the formation of tMhe eSi\b ester p ct Y
exanple, lesp diner formtion). Acc gly, performng thelreac

20 presence pf an appropriate al coholx€Can give a "one pot" foute|to organilc
boroni c esters. Fuyrt hernore, the/use of al cohols can bejused]to inprove
t he sol ubi | i pyp—of—theteitoron reEageTts T 1T SOME SOf VENT $YSL ens,
Preferably the approptiate al cohol i diol. If the sol vent | ElesEemed qr

the reaction}jis an al gohol or am ne s also possible in $ c:ﬁﬁ@,ﬁ@
adj ust t he 5 act #dn cdnditions such that e boronic acid eg$ters i des arle
Bt her aspect, |the present

generated in|25 situ. Accordipglyg in

invention provides a process for coval ently & coupl i ng organi c|conpounds
whi ch conpri $es reactijng an organi ¢ bor or®kt 4% d derivative prepared gs
her ei n bef or ¢—deser+bge—nt f T

hal ogen-1ike|substitugnt at a coupling posit®n in the pres
8-11 netal s l

bf a G oup
183 | 184 (CI*)

/\
HSCO N oc H3

10 COMPOUND NUMBER COMPOUND NAME

1 1,3-Benzodioxole-5-boronic acid
2 1,2,2-Triphenylethyleneboronic acid
3 4-Methoxyphenylboronic acid
4 4-(2-Hydroxyethy!)phenylboronic acid
155 4-(Aminocarbonyl)phenylboronic acid
6 Phenylboronic acid
7 4'-Benzoyl{1,1'-biphenyl]-4-boronic acid
8 2-Methoxy-5-(methoxycarbonyl)phenylboronic acid
9 1-Oxoindane-5-boronic acid
20 10 4-(2-Hydroxyethoxy)phenylboronic acid
11 3-Phenoxyphenylboronic acid
12 4-Bromo-3-methylphenylboronic acid
13 3,3-Dimethyl-6-oxocyclohexene-1-boronic acid

14 3-Oxo-1-phenylbut-1-boronic acid



- 20 - catal yst and a suitabl e base. Accordi ng to anot her
aspect the present invention provides a "one pot" process for prepari ng
an organi (W(gbﬁ’l?ﬁf‘b acid ester conprising reacting an or ganiPETeAmsoomd
having a 5 boron reactive site with diboronic acid in the presence of a
G oup 8-11 netal catalyst and an appropriate al cohol under conditions
such that the organic boronic acid derivapLve formed by reaction of
di boronic acid with the organi c conpound, reacts with said appropriate
al cohol to formsaid organic boronic acid ester. 10 In a further aspect
there is proygded a "one-pot" pr@9@?#§Eﬂ%9@pﬁﬂﬂﬁ¥?@%h%ﬂ@ﬂ%@'i”9 organic
conpounds cofpri sing reacting: 0 Tan gani ¢ conpound bearing a
hal ogen or hal ogen-1ike substituent; or (ii) an olefinic organic
conpound; or (tii) an acetylenic conmpound 15 with di boronic acid as
her ei nbefore defined to form an organic boronic acid derivative, and
reacting the ,organi oronic,acid.derivative in situ wth an organi
conmpound hav ﬁ‘f@g%mg(fy H};aqrgﬁegh R (] %rg?&éef fR& r%a&bcsli;qrp g Ida erlga@\’flﬂ)ﬁhﬁg
position in kheyps.esence of a Goup 8-11 metal catal yst and a suitable
base, to forma direct bond between the coupling position and a carbon
atom of the organic boronic acid derivative to which the boronic acid
residue is 20 attached. This procedure gél &S he preparation of both
symmetrical and unsymetri cal coupl ‘% Hiect s. The term
"coupling position" as used herein refers to a position on an organic
conpound at which coupling to another organic conpound is desired. Each
or gani c conpeett REY thdSeklaveoPieo@anidotpofi heviad b Yubeihwae feattivndith,
coupling positions. The process according to the present invention is
appl i cabl &0t erashemetdliocoppoydis.d pol yrer support or resin bead in the
sanme manner as conventional chemstry is used in conbi nat ori al
chem stry and in the preparation of chemcal libraries. Thus a suitable 30
ggg?tn: g ] comauadriidyd BtoRichRlPEEVatbed\bPaEM abdok@ing P &lel fré@At indbnifonCiRpRkém g
a further aspect of the invention and provide suitable intermediates for the coupling of

organic compounds via a carbon-carbon bond, or carbon-heteroatom bonds. The organic
15 boronic acid derivatives may also be converted to the corresponding esters or amides by
reaction with appropriate alcohols or amines, especially diols and diamines. Surprisingly,
it has been found that the presence of appropriate alcohols in the initial stages of the
reaction with diboronic acid may be advantageous to the formation of the desired ester
product (for example, less dimer formation). Accordingly, performing the reaction in the
20 presence of an appropriate alcohol can give a "one pot" route to organic boronic¢ esters.
Furthermore, the use of alcohols can be used to improve the solubility of the diboron
reagents in some solvent systems. Preferably the appropriate alcohol is a diol. If the
solvent chosen for the reaction is an alcohol or amine it is also possible in some cases to
adjust the reaction conditions such that the boronic acid esters/amides are generated in

25 situ,

Accordingly, in another aspect, the present invention provides a process for covalently
coupling organic compounds which comprises reacting an organic boronic acid derivative
prepared as herein before described with an organic compound having a halogen or

30 halogen-like substituent at a coupling position in the presence of a Group 8-11 metal



-21- which is chemcally linked to a polynmer surface may be reacted
with an organi c boronic acid derivative internediate in the presence of
a pal | adi unwgas/adoyst and a suitable base to form a couppgg \Rb9EH4sd
linked to the surface of the polyner. Excess reagents and by- product s
may then be washed away fromthe surface | eaving only the reaction product
on 5 the surface. The coupl ed product then be isol ated by appropriate
cl eavage of the chemcal link fromt pol ymer surface. The process is
al so possible using the alternative strategy of reacting: (i) an

organi ¢ conpound havi ng a hal ogen or hal ogen-1i ke substituent, or (ii)
an ol efinic ofajnstandenyiable bagk (iii) an acetyl enic conpound, linked to a
pol yrer surface with diboronic acid as previously described to form an
organi ¢ boronic acid 10 derivative chemcally linked to the pol yner
surface, Thi sagesriinettb \éﬁoﬂﬁ@ya@e@tﬁh@gro@aﬁqﬁmtion providel a28n@pEaprsesofgpound
havi ng a hal ogen or hal ogen-1i ke substituent at a coupling position in
t he presence piepariggmin axganio ozonit peid eater cempridingriaefingaancorganip ceppoundtiawing a
coupl ed product chem cally..linked to the polynef. ce reacgt ants an
by~ br oduct 55 PEFoBEeacivE St B ibayOLE apianinahe By ShA S OIS (DS B

may be i sol at AS I, . | i il At I n
accordance w %‘rﬂa}ﬁg 8%%?5@%%1&&?\? grnt&%rgi?]ﬁ’dlr{s‘ QP%H@FJS%@ E gésag}cb eor'?g 5%;’%?:3&3}( zrtiye
functi onal i seforined by resuioh &t eitairoric poidywiet the @rganicoainysyd ereacts with Isaid

hal ogen or hal ogen-Ilike substituent and then convert this

functi onal i setPpseptiaie alcpboldo foimp siid oxganis paranigaeldPsier.ace by reaction of the

20 functionalised polynmer with diboronic acid in the presence of a
pal | adi um cat al yst and a sui tabl e base. The boronic acid residue

surface mayothenfifher agfeteded isHravidedI§RR" procedird Bt covABRBOLIEIIR@YLgAfica
hal ogen or hal ogen-1i ke substituent. |If the organic conpound contains
ot her functi oreahpayndsipempfiong esaating:e car boxylic ester, they may be used as

l i nking groups . to further extend the chem cal reactions applied to the
ol yhor Sur f SbAT gugahle CompIpE BFTE RALAEP TR Jals ek SRS IREREOh r of er's o
any chain of 1A NK LRSS B group to anot her. Exanples of
| i nki ng group(git)i ncl ude pdl ymer ng{?g?n’s(,% optionally substituted al kyl ene
group and any(iil frescestlediabbmpoandal ent group. 30 It is also possible to
prepare pol g/rrer_s by reaction of organic ring conpounds having nore .
- 22 . 15 with diboronic acid as hereinbéfore defined to form an organic boronic acid derivative,
and reacting the organic boronic acid derivative in situ with an organic compound having a
halogen or halogen-like substituent at a coupling position in the presence of a Group 8-11
metal catalyst and a suitable base, to form a direct bond between the coupling position and
~ acarbon atom of the organic boronic acid derivative to which the boronic acid residue is
20 attached. This procedure allows the preparation of both symmetrical and unsymmetrical

coupled products.

The term "coupling position” as used herein refers to a position on an organic compound
at which coupling to another organic compound is desired. Each organic compound may

25 have one or more, preferably between 1 and 6, coupling positions.

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

30 organic compound having a halogen or halogen-like substituent at a coupling position



t han one hal ogen or hal ogen-1|i ke substituent. Such organic conpounds may be

react ed with diboronic acid in the presence of a palladium catal yst and
a suitabl GR40%0 form an organi ¢ boroni c acid deri vat pgeatesegs nor e
t han one boronic acid residue. These derivatives may be reacted with

organi ¢ boronic acid derivative or organic conpounds 5 having nore than
one hal ogen or hal ogen-1ike substituent.4ja. forma polyner. If the
organi ¢ conpound has three or nore hal ogen or hal ogen-|li ke substituents
whi ch react with the diboronic acid then it is possible to prepare

dendritic np| l. i1 [ ! t hee f esent .

i nvention. IvtVﬁﬁ%g 1s§1§l§e 15%@S$rél%§q§§p %rp%ﬁgﬁcerrnsi; §§?%aﬁée§ny@p§%gg%ng%omrgei d

Corpoanos (P AP EIGHANDL T ogrSanetoppinds S SRELAT oo
unds is i i si due.

or ggni ¢ conpiommdscovpiedipradust diokgd woherayrfive of dhepalymeno Escass esagemts ang bipe

i nked t oget.her such that the organi c boronic, acid derjvative forned

L Lor r eact BRONATE Fapiien D6 HTH GHEd TR e WPty 1saige oBRLh® arackor BLRIFLRp

posi tion | oGALghhrigles .e'l‘ﬁbeéoglg!e'a ﬁr@&c’f’%aﬁgt%rfbé %oﬂa?edao}ci r rpag %E?Jgg% ?ﬁtﬂhee

i ntranol ecul ar reaction, ch'as a ri cl osure reacttron.

process accoghghiigal tiaktfhen itevgolymensuafacewd he prdcaswis aisol ppssiblendsingghé altaraaive
between different  regions bearing hal ogen or hal ogen-1ike substituents.
The process Hegydifigaatiast tban ALEAAIC GMPoynd hawyng 8 delpgen oF halpgerplikambatiten,

of reactive 20.internediates. which are abl e of takin rt. tn. further
Feact ons. oro AR ST Afeaic Yoimbudl IR e lepls Rodubls ik A pilher
organi ¢ bor ofyrfac@@ith dBokotid hot€ as Brevidilycaddittd to fordh aflefdadic BRbni84a@p! e,
aryl boronic acid derivatives may take part in one or nore of the
pal | adi um € ateaivategichemsicallyolirkedfto greypolpmensurfaoerp dhisdieridtes oy inby thelybeheyaad a
and Suzuki .4 n Chem Rev. 1995, 95 2457-2483 25, The process
accordi ng tow’ttﬁﬁénﬁf%?omﬁﬂ}lé‘a?‘%‘ﬁgéll}%ntoﬁ 0geTklike) St BieRLAiaCouBiRHunds
in mld ot aVel 1S i ff t ve
and/ or toxi & aanin e pRREeB HPa TR A AR PR S bl il oty
conpounds  argogesnehericgiiy tinkddoesi the pdlyener. Exteetdchinss drmlybyepdaudie magroeor med
inrelatively cheag sol vents such as nethanol and ethanol 30 and, 1 n view
i

of the i nprdeBWVedAY seitablg washipgandetie cpepied pryglyct may be isekajedsigehemiely i t

woul d . . - 23 - be

possi bl e %50 cFI)eearv]u}gr%etIWg t?gé?c?(?l%lﬁgr‘on an industrial scale. The process al so
all ows the | i nki ng of organi c conmpounds which contain active hydrogen
substituents w thout the need to protect those substituents during the

reaction. Inscirdatias wishwihegpreseanipiventicar ie isplsovpasiblet to ditectly funstienaliserthe

preferred er?a%&ggp ;[l ?)olglketr,hg g. polystyrene, with a halogen or halogen-like substituent and then
convert this functionalised surface to a boronic acid residue surface by reaction of the

20 functionalised polymer with diboronic acid in the presence of a palladium catalyst and a
suitable base. The boronic acid residue surface may then be reacted with any suitable
organic compound having a halogen or halogen-like substituent. If the organic compound
contains other functional groups, for example carboxylic ester, they may be used as

linking groups to further extend the chemical reactions applied to the polymer surface.
The term "linking group" as used herein refers to any chain of atoms linking one organic
group to another. Examples of linking groups include polymer chains, optionally

substituted alkylene group and any other suitable divalent group.

30 It is also possible to prepare polymers by reaction of organic ring compounds having more



I nvention. However, it is to be understood that the follow ng description

IS not to supersede the generality of the invention previously

descri bed.wo 99/12b@ EXAPLES Preparation 1 - Preparati opcohush/dgisoni c
acid 1 a) Bis(dinethylam no)boron chloride A 15 litre pilot

pl ant reactor with nitrogen protection from atnospheric noi sture was
charged with petroleumspirit (b.p .30-40€,.8 1) and cool ed to about -60

usi ng an external dry icel/acetone bath. D nethylam ne (2929 g, 64.83
nol es) was run into the stirred cold solvent as both liquid and gas and

t he solution,coole ai n -60,.. A 10.litre, vessel. al 20. wi th nitrogen
prot ection \/\H’én@(‘}'é?‘é@’%?‘ﬁ 05}@%“}’{51&7 ﬂ%’é%?fg' %élf’ﬁ oﬁalcsﬁo%%%&sﬁn%%ﬁ' léeé@e ith
pet rol eum spiytaibGomik- ' i Qalysifnd0¥ suibR DaseRt

B ssol ved | hihgibotod-ackfinifle prescite &F o GRIMGAH ally st and sBLRI st WHom ap
| i ne i mrer segrgagicchurbiie aeidi deeivatiteltiaving more thart ére ozardt acid residiiet HEhebor on
trichloride solution slowy punped across into tggglfi . di et hy| am ne

sol ution. Théerévatiyesmay be reacsidhweithpiganic RoRORIC AEid AETIVANVE QH OFFaBIS COTPOENda, s t
25 be tak . t t ) t fi
Fne i s nop Bivak RS inah STRH: Rtk B; AGLALRE upBierk b ok ot [fe ©F

control | ed sgrehfitcotdiRund heaiécsk MR halogefiBr Ralapdirkkedubahoetts whlhdexpwi®
the dry ice cooling bath and addition took place over about 3 hours.
The vessel wie dibéroniechctd/theniitgispossihle & prepavaderdriticompleges iarpgeqrdangeavith thgo

rggeﬂ ;(rjr S Lr é%%ﬁssstoc%ptﬁee gfesgrtﬁm;e%%&tx.o Te 193056 li)logsilgig ?onﬁ)(%in p%rl])gmglrs to?]:){'g%plictb%?gni% 4 -

the cap fitt] ' 1 & ' '

(pyr ox 3830/ BN ALV prtARd 65 glefrh et CofplRfisahd wterplhlt SOmpbRR) s
possi bl e i10t whefeethswretis Imore theani one bororty asid e¢viduei de mass. The reactor was
seal ed and nitrogen pressure (up to 30 kPa) used to punp the product
solution out into a protected receiver. The crystalline amne 5

hydr ochl ori d i t : rgla]i] SES
filter. V\hen%gglop%aﬂgc ¢ ‘?Oﬁléﬂ% gﬁﬁggﬁ%é%@l ex ?Jagéf gl%,a %?igb#é?ﬁ? %r t ﬁ%ge ?}Eléed
wi t hdrawn fr gygethee sl thelt B $sganidbdrbsit acid desivableduimaipafter recfion wjthabeled to
the vessel and the contents cautiously stirred and brought
diboronic acid is able to react at a coupling position located elsewhere in the molecule so
15 as to provide for an intramolecular reaction, such as a ring closure reaction. Similarly the
process according to the invention allows intramolecular linking to occur between different

regions bearing halogen or halogen-like substituents.

The process according to the invention is also useful for the preparation of reactive

20 intermediates which are capable of taking part in further reactions or rearrangements.
These reactive intermediates may be the organic boronic acid derivatives or the coupled
products. For example, aryl boronic acid derivatives may take part in one or more of the
palladium catalysed reactions of aryl boron compounds described by Miyaura and Suzuki
in Chem. Rev. 1995, 95 2457-2483.

25
The process according to the present invention allows the linking of organic compounds in
mild conditions and avoids the use of expensive, difficult to remove and/or toxic reagents
and solvents. In this regard boron and boron compounds are generally non-toxic. The
reactions may also be performed in relatively cheap solvents such as methanol and ethanol

30 and, in view of the improved control over the reaction steps, it is envisaged that it would



to gentle reflux for 5 mns to extract any remai ning product. The
filtration and re- extraction process were then repeated a third tine,
and the coWPi%hdtP4extracts evaporated 10 on a wel |l -seal ed r cGIVAUBCATRSr at or
using liquid feed and nitrogen protection if there was any need to
change a receiver or bring the apparatus up to atnospheric pressure. The

| ess vol atil e residue was then fractpgnated under reduced pressure and
the fraction boiling at 45-48 at 2.5 kPa col |l ected as product (1835 g,
13.65 nmoles, 70% . Integration of the nnr proton signals at [err] 2.52
[((CH3)[err] : r; B r

293 15 [( (OB FPe PPrBaFTEm fie fatidch pna il e “FRe pRECSsoPIAR S | e
product and Wnkingest drgarié e6mpoundd iwtidthydneain aetiverhydesgen stibstiotenes wititous g hedd
be added prior the reduction step (below). . b)

Tet r aki s( di md@ ByAteatithese shbBitemts drmgahe rg¢actiens f| ange flask reactor in an
oil bath with a multi-hole top plate was equi pped with an oil -seal ed

hi gh-shear overhead stirrer, a baffle blade to inhibit "solid-body"
stirring, 5 ThRTOREWRRERhH&CH: ‘bev‘i’ciedttBQlI@s‘&%eeébhﬁ: ﬂr@feﬂ‘éﬂ RndbodimRin®Cst e t he
top of a condenser, a thernocoupl e probe and a 500 m pressure

equal i zi ng dimyeptiony Howeskr, iTo tbive understoodena the follavwigddescriptiom i§ 36€tog,

10. 95 nol es) and xylene (2 .1) d the contents heated fromthe oil 25 bath
to 120. The SYR&Tscse %serreaﬂltnﬁ?ﬁ& IBREIioR PEBIICYSHHHesFHRsd- t he sodi um had al |

mel t ed and kept at that speed during the reaction. After the sodi um had
becone a fine grey suspension in the rapidly stirring liquid (about 20
m ns), the dropping funnel was charged by punping through teflon Iines
under argon pressure, wth batches of bi s(di et hyl ar m no) boron chl ori de
(total, 1411)5%&,&1!@% mol es). Wth the reaction mixture 30 at about 125
(gentle xylene reflux), the bis(dinethylam no)boron chloride was slowy

- 25 - added dropwi se to the reactor, watching both the thernocouple
and the refl @f%%ﬁhﬁbnqn- Prepadadidn 6N aitRdkénifhcoout 500 m /hour was found
satisfactory. e reflux ténperature slowy rose as the product

concentration increased, and with a m xture tenperature of 135 err] any
addi ti on of halide,.react ar]t caused an inmedi ate apparent exotherm The

m xture was ?)hegl%gw%‘ﬂm&@ﬁﬂéﬁther | h after the addition had
ceased, then allowed to cool to roomtenperature (overnight) wth the

stirrer off. The supernatant |iquid was punped (argon) into an open

pressure vesgels dtreailoeglahreactdd #ith niftogeprRekttich fromtemodpherit aioidnsn:, wishe
pressure vessel sealed and pressured with argon to 100 10 kPa The sol ution

of product wabarged pithepetriofeuon spigt (b.p r30-40%5t8 1) land corled raghouniOs usingom external
protection. The.Precipitate in t r eact,] v I washed tw ce. with
Rylene. (300 A icelsciaB baG nainil (G e B maliiapanrutorig i figred cold
filtered. theg,Gembisteth filhih Al gds Wl B solution cooled again to -60°. A 10 litre vessel also

20 with nitrogen protection was cooled in a dry ice/acetone bath and similarly charged with

petroleum spirit (5 1). Boron trichloride (2000 g, 17.07 moles) was dissolved in the cold
solvent, the vessel fitted with a teflon transfer line immersed below the amine solution in
the reactor, and the boron trichloride solution slowly pumped across into the
dimethylamine solution. There is a huge exotherm with this reaction and great care must
25 be taken to prevent temperature overshoot, and also that the transfer line is not blocked by
the amine hydrochloride. The addition was controlled so that the a reaction was
maintained at about -20° despite the dry ice cooling bath and addition took place over

about 3 hours. The vessel was stirred overnight while it warmed to room temperature.

30 The stirrer was stopped, the reactor quickly opened, and a teflon tube inserted through



fractionated under reduced pressure, initially at 2.5 kPa until all the
xyl ene distilled (b.p. 40-43[err]), and the pressure gradually reduced
to 0.3 kPavobemothe product distilled. The 15 fraction boi pPcvguedoods 67 at
0.3 kPa was col |l ected as pure tetrakis(dinethylam no)di boron (540 q,
2.73 noles, 51.8%. c) Tet r ahydr oxydi boron (di boronic acid) 20
Tet r aki s(di nmet hyl am no) di boron (10.64 g,7463.7 mMmmole) was stirred in

i ce-cold water (20 m) in an ice bath and standardi zed concentrated
hydrochloric acid (17.5 m of 12.78 Mol ar, 223 mmole. 4.16 X diboron

t ant dded via.. ' .50 M o ' :
ol it on, Thivefeidriae R SR ARF e s R on b PR SERRINO 5 o
lete, th | 4 | | i il i
Py ochi or i o gy e B Bl b e o e Vet et & 5ol d
(3.43 g, 71%ydrochlorid&Refass. MEIR resktoy wahsgaled ddatitiegengvessmeXup te30 kBajoused to
J.L., J. Arer. Chem Soc., 1961, . 83, 47(@0. .30 . . .
- 26 - PRBP 4t PTagHCtsolition ok ntasa AreseeidsEeiXeT: o A prystalling Aiicox y di bor on
di b : ; _ h . . : A
(e oo 557 Befbgr B RIS AT R4S, Bl 2Tl v

concentr at edjifyidriaaieen eetraeddd te/fBle rulsd wiwitBdrehdrom theSsolld 93s, MotteerHCl |
4.18 X di boron reactant) added via a syringe punp at 50 m/hr to the -

stirred sol upeteleumispiriti(x® Grasdded toothe xessek asd v spnieptsccaudously stird and droust
was i ncreased y addi.ng et hanaol tq the ice bath,to kncrease th
temperature E?IE@erﬁﬂ‘éx Bﬁ%‘/@&ﬁ @ﬁétracc% ay LpYPgA pﬁ?%ﬁr ZH%§®$ﬁ8 aggfﬁ“i ng
bath (bath tgyg; : BR A feBEfed V@ Shifd fifb S4hd the tHRAbINER extrachPdvapb@ted15
mns after t Eﬁﬁ%@%ﬁﬁ%&ﬁssﬁgs corrp{ te, t he1 solid filtered off and waIs)hed
with 10 i de- onladveli-kesleel doyaly evdpoatorcusitg kiquid Geed and itGoge6 protectiondf there was ed
to give a white solid (15.47 g, 789 . This materi al s used vm'th&ut
further purifi% Besdole change a receiver or bring the apparatus up to atmospheric pressure. ‘The less

volatile residue was then fractionated under reduced pressure and the fraction boiling at

45-48 at 2.5 kPa collected as product (1835 g, 13.65 moles, 70%). Integration of the nmr

proton signals at § 2.52 [((CH,),N),B], at 8 2.71 [((CHj),N),BCl] and/or at 8 2.93

15 [((CH,),NBCl,} was used to determine the composition of the product and whether further

dimethylamine or boron trichloride should be added prior the reduction step (below).

b) Tetrakis(dimethylamino)diboron

20- A 5-litre flange flask reactor in an oil bath with a multi-hole top plate was equipped with
an oil-sealed high-shear overhead stirrer, a baffle blade to inhibit "solid-body" stirring,
argon gas protection of the contents through a T-piece at the top of a condenser, a
thermocouple probe and a 500 ml pressure equalizing dropping funnel. To the flask were
added sodium (252 g, 10.95 moles) and xylene (2 I) and the contents heated from the oil

25 bath to 120°. The stirrer was run up to approx 800 rpm after the sodium had all melted
and kept at that speed during the reaction. After the sodium had become a fine grey
suspension in the rapidly stirring liquid (about 20 mins), the dropping funnel was charged
by pumping through teflon lines under argon pressure, with batches of
bis(dimethylamino)boron chloride (total, 1415 g, 10.53 moles). With the reaction mixture

30 at about 125° (gentle xylene reflux), the bis(dimethylamino)boron chloride was slowly



Example 1 MeOH as sol vent 15
OH [err]
[err] WO ap/i3940 PCT/AU98/00726r 1 |
In a Schl enk tube under nitrogen, a m xture of tetrahydroxydi boron (104 ny;
1.16 nmmol ). 20 [1,1'-bis(di phenyl phosphi no)ferrocene] di chl oropal I adi un(11)
di chl or onet hane adduct (PdCI 2(dppf) . Coherr]d 2) (26 ng; 0.032 mol ),
KOQAc (302 ng; 3.08 mmol ) and 1-iodo- 3, 4- nmet hyl enedi oxybenzene (251 ny;
1.01 mmol) in dry. MOH (5 nml) was sealed and stirred at 40[err]C for 3
hours. A smal . Of e ty M I ;e
extracted inf %d%n%ﬁﬁ%’%sgé%#arﬁé&gﬁd‘b%ﬁé gé#ietge g@g?@é%ggﬁmabﬂ_%%fe?lggéﬁeb%n
sol ution was a@&ition 2hte sEdbéit JOBLAl/ KoM tversFomR)isfactdnr.  Thereflok tempergture slowly
conditions: Zorbax ODS, 4.6 mnmm  x 25 cmcolum, [err] = 230 n 2L/ m n
usi ng 20% CHBGX: 8B0be prrCutiocompentration immasased, andowity %w)}@edO@Pe@@fW%%s%nYThe
maj or peak at |5.82 m ns.was identif,jed as 3- benzodi oxpl e-5-boroni c
nel 4 by LG MG B et e DS aRaEens Ry SRt B RE 4
the reacti an Pé&%ﬁ&é &%uigﬂr Q‘P@xjt}%e?'lsh Eﬁeﬂgﬁ& CadiRGIERad ¥8sca2 RN GABHE tPESD] to

ar e e de

provi ded 3 er evidence that t sired aryl boronic acid had formned.
- 27 - Toem nenpéramne Goleriglah withsthaktimeraoffil ysed under the fol | owi ng
conditions: Alltima Cl18, 5 mcron, 4.6 M x 15 cm colum, X = 230 nm
2m /mn using 20% CH err] CN: 80% H err]0 to 100% CH3CN over 15 m nutes.

benzodh oxol o 8o aopeRREnGfile Y05 phPBRY (b 5 b spen presure st ateched 9 4 L2
E:gnziihtei (r)ﬁg?t in9h presuCfiletrl hrdhds)2Re MBtstrdestdbéalednd@rprédred aitth argon to 100
10 kPa The solution of product was filtered into a § litre distillation flask with argon
protection. The Precipitate in the reaction vessel was washed twice with xylene (500 ml),
allowed to settle, and the supernatant similarly filtered. the combined filtrates were
fractionated under reduced pressure, initially at 2.5 kPa until all the xylene distilled (b.p.
40-43°), and the pressure gradually reduced to 0.3 kPa when the product distilled. The
15 fraction boiling at 65-67° at 0.3 kPa was collected as pure tetrakis(dimethylamino)diboron

(540 g, 2.73 moles, 51.8%).

c) Tetrahydroxydiboron (diboronic acid)

20 Tetrakis(dimethylamino)diboron (10.64 g, 53.7 mmole) was stirred in ice-cold water (20
ml) in an ice bath and standardized concentrated hydrochloric acid (17.5 ml of 12.78
Molar, 223 mmole. 4.16 X diboron reactant) added via a syringe pump over 50 mins to
the stirred solution. The mixture was stirred in ice for 15 mins after the addition was
complete, the solid filtered off and washed with ice-cold dilute hydrochloric acid (10 ml of

25 0.064 M) and air dried to give a white solid (3.43 g, 71%).

Ref: McCloskey, A.L., Brotherton, R.J., and Boone, J.L., J. Amer . Chem. Soc., 1961,
83, 4750.

30



Exampl e 2 Et OH as solvent 10

[err] [err]

[err] wong/sehl enk tube under nitrogen, a m xture of pCT/AU98/00726

t et rahydr oxydi boron (148 ng; 1.65 mmol), 15 Pdd 2(dppf).CH2A 2 (28 ny;
0.035 mml ), KOAc (313 ny; 3.19 nmmol) and 1-iodo-3, 4-

et hyl enedi oxybenzene (252 ng; 1.02 mmljgin dry EtOH (5 nl) was seal ed and
stirred at 40[err]C for 18 hours. A'snmall anmount of the reaction

m xture was diluted with CH3CN 1[err] 20, filtered through glass fibre

filter paper _and anal ysed b PLC_( WAt ef.s 600E) unger the.foll ow n
condi ti gng: PEepprationy ,'ﬂ”@&rﬁf‘he féeﬂﬁﬁ"é@i‘ Bﬂ#?“ﬁgx‘;% Br?ﬂ'rfd’ QRO 31 Ysi ng
20% CH3CN: 80% H err]O to 90% CH3CN: 10% H err] 0 over 25 mnutes. A

maj or peak was observed at 5.26 minutes. Addition of authentic

1, 3- benzodi oxXetrekib(dimethplaminb)dibaond44 g, 01223 Male} wanstirodduini icerceld dvasard#y wils
by HPLC under the sane conditions confirnmed that the desired al(/l%llar

bor oni ¢ aci dimarlicecateand stanglgrdized cppegpprted fiydrochloripracd @3 malff\lenid
C?_l 30 5 &_?32 Mole HCI, 4.18 X diboron reactant) ad(ie%rxril a syringe pump at 50 ml_/hrzgg the
stirred solution. The mixture temperature slowly rose to 14°, and cooling was increased
by adding ethanol to the ice bath to increase the temperature difference between the
reaction mixture and the cooling bath (bath to -10°). The mixture was stirred in the ice
bath for 15 mins after the addition was complete, the solid filtered oft and washed with
10 ice-cold dilute hydrochloric acid (40 ml of 0.064 M) and air dried to give a white solid

(15.47 g, 78%). This material was used without further purification.

Example 1
MeOH as solvent

15 on
/
B

SSa

~Ina Schlenk tube under nitrogen, a mixture of tetrahydroxydiboron (104 mg; 1.16 mmol),
20 [1,1’-bis(diphenylphosphino)ferroceneldichioropalladium(Il) dichloromethane adduct
(PdCl,(dppf).CH,Cl,) (26 mg; 0.032 mmol), KOAc (302 mg; 3.08 mmol) and 1-iodo-3,4-
methylenedioxybenzene (251 mg; 1.01 mmol) in dry MeOH (5 ml) was sealed and stirred
at 40°C for 3 hours. A small amount of the reaction mixture was added to water,
extracted into dichloromethane and then dried over MgSO,. The reaction solution was
25 analysed by HPLC (Waters 600E) under the following conditions: Zorbax ODS, 4.6 mm
X 25 ¢cm column, A = 230 nm, 2ml/min using 20% CH;CN:80% H,O to 90%
CH,CN:10% H,0 over 25 minutes. The major peak at 5.82 mins was identified as 1,3-
benzodioxole-5-boronic acid by LC/MS. Addition of authentic 1,3-benzodioxole-5-boronic
acid to the reaction solution and analysis by HPLC under the same conditions provided

30 further evidence that the desired aryl boronic acid had formed.



In a Schl enk tube under nitrogen, a m xture of tetrahydroxydi boron (158 ny;

1.76 lv PdCI 2(dppf) CH1C12 (26 ng; 0.032 nmol), KOAc (310 ng; 3.16
mol ) and"2 195440 met hyl enedi oxybenzene (254 ny; 1PORAHSAMOY26i n dry
[err]-PrOH (5 m) was seal ed under 5 nitrogen and stirred at 40[err]C for
18 hours. A small anount of the reaction m xture was diluted with
CH3CN H err]0, filtered through glass fLihhre filter paper and anal ysed by
HPLC (Waters 600E) under the follow ng conditions: Zorbax ODS, 4.6 nm X
25 cmcolum, X = 230 nm 2m /mn using 20% CH3CN: 80%H[err]0 to 90%

CH3CN: 10% r \ SA
identified zl?[sh%lﬂé%gngln‘g?(i) oxoz’fs aI? M?ﬁl Bﬂ-%glﬂ%eﬁb '? g&ng%eﬁﬁ%igh%‘ ion o? C18, 5
aut henti c nahigfdnl4.6 enrh fxelsr @a@blu@:m SOEUR3 00 ADEL/ AR L YA SO%YCHMMWHZOHBG

sanme conditions. Exanpl e 4 15 DMSO as sol vent
CH 100% CH,;CN over 15 minutes. The majog rppz}k at 3.33 mins was identified as 1,3-

ot r ahydr ox JEPBSRERIT S9B7YS atid e i idton oﬁa&éﬁ%ﬁr&cﬁ%wmwe@m;
0. 033 :
met hyl Qggdg oxébenzaéﬁgg?lg%ébigl?ﬁi%hér@% (ﬁﬁ/{ O (5 M) was seal ed and

stirred at 40[err]C for 18 hours. A small anobunt of the reaction m xture
was diluted with CH3CN H20, filtered through glass fibre filter paper
and anal ysed by HPLC (Waters 25 600E) under the follow ng conditions:

Zor bax QODS, 4.6 x 25 cmcolum, [err] = 230 nm 2ml/ mn using 20%
CH3CN: 80% Hz‘%‘éﬁ‘c?in%%% CH3CN: 10% H20 over 25 m nutes. The maj or peak at
6. 58 m ns WagOHaskbivesd as 1, 3-benzodi oxol e-5-boronic acid after

addition of authentic material to the reaction soI ution and anal ysis by
HPLC undel0 t he same conditions.

- 29 - /;) /
B
OLO \OH

In a Schlenk tube under nitrogen, a mixture of tetrahydroxydiboron (148 mg; 1.65 mmol),
15 PdCly(dppf).CH,Cl, (28 mg; 0.035 mmol), KOAc (313 mg; 3.19 mmol) and 1-iodo-3,4-
methylenedioxybenzene (252 mg; 1.02 mmol) in dry EtOH (5 ml) was sealed and stirred

at 40°C for 18 hours. A small amount of the reaction mixture was diluted with
CH,;CN/H,0, filtered through glass fibre filter paper and analysed by HPLC (Waters
600E) under the following conditions: Zorbax ODS, 4.6 mm x 25 ¢cm column, A = 230
20 .nm, 2ml/min using 20% CH,CN:80% H,O to 90% CH,CN:10% H,O over 25 minutes. A
major peak was observed at 5.26 minutes. Addition of authentic 1,3-benzodioxole-5-
boronic acid to the reaction solution and analysis by HPLC under the same conditions

confirmed that the desired aryl boronic acid had formed.

25
Example 3
i-PrOH as solvent
OH
I\ g
30 L=\



Exampl e 5 DMF as sol vent

CH 5 [err] In a Schl enk tube
under nitregeszewm xture of tetrahydroxydi boron (131 ng; bc4RusBRéThe

PdCl [err] (dppf).CH err]C[err] (27 ng; 0.033 mml), KOAc (286 ny; 2.91
mml ) and 1-iodo-3,4- 10 nethyl enedi oxybenzene (243 ng; 0.980 nmol) in dry
DVF (5 mM) was sealed and stirred %8510 C for 2.5 days. A snall anpunt
of the reaction mxture was diluted with CH3CNH err] O, filtered
through glass fibre filter paper and anal ysed by HPLC (Waters 600E)
under the followi ng conditions: Alltima C18, 5 micron, 4.6 mMmmx 25 cm

col umm, X =230 nm 2m/mn using 20% CH3CN:. 80% H err]O to 100% CH3CN

over 15 m nutgs. RERKr & 7. ' L & :
1, 3- benzodi ogglaes-cgéglé}% nic g%@yog?rge%ﬂﬁﬁmglﬁ?gﬁf%? %ﬂ’alggrtoﬁgrlfﬁ glgfréﬂesrllmarﬁob to
t he reacti on FIOLYdppIN CH)C1, AB6 s 0032ymirdBl) CKO¥te(310 fneg; i 1€ mmol) e bHiiddoc3)8-
20 Exanple 6 Herr]0 as sol vent . )

[err] methylenedioxybenzene (254 mg; 1.02 mmol) jredny)i-PrOH (5 ml) was sealed under

25 L Schl enk , t d i t | xt f . )
et 1 mhydr oty BREEB O 3950 0, G gyt SR EnBieli e Rempign e mgs
0. 028 1), : /12 5d 5 -
met hyl gTr?e)di) o%ﬁ enzvé%ﬁé%—l%‘%?&/%(?ﬁfg%ﬁlmgﬁéﬁ?@g%glstére%apﬁrzand( %”a%yf?d %é{ PLC

seal ed and (Wasdrs 606E) \aided thecfolldwing @ondifofw Fosbax/OBSRK 6 mnDxd5 cof coldrgn, A
reaction mxture was diluted with 30 CH3CN H20, filtered througgl gl ass
fibre filter pagemmarianlgni ysined2Q% GHRCH:B0&E: B/Qto 90% CH;CN:10% H,O over 25

minutes. The peak at 6.78 mins was identified as 1,3-benzodioxole-5-boronic acid after
10 addition of authentic material to the reaction solution and analysis by HPLC under the

same conditions.

Example 4
15 DMSO as solvent

/OH
B
SOAN

20. In a Schlenk tube under nitrogen, a mixture of tetrahydroxydiboron (152 mg; 1.70 mmol),
PdCl,(dppf).CH,Cl, (27 mg; 0.033 mmol), KOAc (300 mg; 3.06 mmol) and 1-iodo-3,4-
methylenedioxybenzene (249 mg; 1.00 mmol) in dry DMSO (5 ml) was sealed and stirred
at 40°C for 18 hours. A small amount of the reaction mixture was diluted with
CH,CN/H,0, filtered through glass fibre filter paper and analysed by HPLC (Waters

25 600E) under the following conditions: Zorbax ODS, 4.6 mm x 25 cm column, A = 230
nm, 2ml/min using 20% CH,;CN:80% H,O to 90% CH,CN:10% H,O over 25 minutes.
The major peak at 6.58 mins was identified as 1,3-benzodioxole-5-boronic acid after
addition of authentic material to the reaction solution and analysis by HPLC under the
same conditions.

30



- 30- 600E) under the following conditions: Alltima C18, 5 micron, 4.6
mm x 25 cm“;(g 40 X = 230 nm 2m/mn using 20% CH3CN:. 80% H20 to 100%
CH3CN over 15"mhutes. The peak at 3.18 mins was identiFGCEAUED0726

1, 3- benzodi oxol e-5-boronic acid after addition of authentic material to
the reaction solution and anal ysis by HPLC under the sane 5 conditions.
FUNCTI ONAL GROUP EXAMPLES Exanple 7-29-

[err] [err]

[err] In a Schl enk tube under nitrogen, a m xture of

t et rahydr oxydi boron (99 ng; 1. 10 mmol), PdC 2(dppf).CH2C [err] (.26 ny;
0.032 mml ), KOAc (288 ny; 2.93 mmol ) and 4- 15 iodoanisole (231 ny; 0.987
mmol) in dryBsoRle§ n) was seal ed under nitrogen and stirred at
40[err] C for ours. A small anmount of the reaction mxture was added to
wat er , ex t"bsasoim di chl oronet hane and then dried over MgSO4. The
reaction sol ution was diluted with CH3CN, fohtered through glass fibre
filter paper and anal ysed by HPLC (parer s /éOOE) under the follow ng
condi ti ons:5 Zorbax ODS, 4.6 mmx 25 f? X 20 = 230 nm 2m/mn using
20% CH3CN: 80% H[ err] 0 to 90% CH3ON: 18% PT8rr] O\qver 25  ninutes. A mmj or

peak (84% was observed at 6.79 mns ich was identified as 4-
met hoxyphenyl boronic acid by LC/MS. Addition of authentic
4- met hoxyphenyl boroni c acid to the reaction solution and anal ysis by

G5 000 R st ey g RN UO0R11 1 )
OH PdCl,(dppf). CH,Cl, (27 mg; 0.033 mmol), KOAc (286 mg; 2.91 mmol) and 1-iodo-3,4-
10 methylenedioxybenzene (243 mg; 0.980 mmol) in dry DMF (5 ml) was sealed and stirred
at 40°C for 2.5 days. A small amount of the reaction mixture was diluted with
CH,CN/H,0, filtered through glass fibre filter paper and analysed by HPLC (Waters
600E) under the following conditions: Alltima C18, 5 micron, 4.6 mm x 25 cm column, A
= 230 nm, 2ml/min using 20% CH,CN:80% H,0 to 100% CH,CN over 15 minutes. The
15 peak at 2.87 mins was identified as 1,3-benzodioxole-5-boronic acid after addition of
authentic material to the reaction solution and analysis by HPLC under the same

conditions.

20" Example 6
H,0 as solvent

/OH
O,

In a Schlenk tube under nitrogen, a mixture of tetrahydroxydiboron (123 mg; 1.37 mmol),
PdCl,(dppf).CH,CI, (23 mg; 0.028 mmol), KOAc (271 mg; 2.76 mmol) and 1-iodo-3,4-
methylenedioxybenzene (220 mg; 0.887 mmol) in degassed H,O (5 ml) was sealed and

25

stirred at 40°C for 18 hours. A small amount of the reaction mixture was diluted with

30 CH,CN/H,0, filtered through glass fibre filter paper and analysed by HPLC (Waters



[err] 30 [err]

In a Schl enk tube under nitrogen, a m xture of

- 31 -

t et r ahydr 0X98¥H3#n (120 ny; 1.34 mol), PdCl 2( dppf) . CREBALIBD22§ 26 ny;
0.032 mml ), KOAc (268 ny; 2.73 mol) and 4- br onophenyl et hyl al cohol
(177 mg; 0.880 mmol) in dry DMSO (5 m) was seal ed and stirred at

40[err]C for 18 hours. A small amount o80the reaction m xture was added to
water, 5 extracted into dichloronethane and then dried over MgSO4. The

reaction sol ution was diluted with CH3CN, filtered through glass fibre
filter papergopadlyada! is &ioiing Erditions: ANNS (868 XakronN4es mh1R 25kl G, A
conditions: Zorbax ODS, 4.6 mmx 25 cm colum, [err] =230 nm 2m/mn

usi ng 20% CH3QS0818% 2hkmin Osihg20BCHIEITRO %1HIO I £00% QTHEN o2 15 minutesuThS .
The new peak observed at 2.49 nins was identified as the aryl boronic acid
by 10 LC/ MPeak at3.18 mipgwgs idegtified as 1,3-benzodioxole-5>-boronic acid after addition of

[err] 15 . : . . .
l%ltl'gng% maéerﬂ?l {o %w reactjion solug?n anec{n g{ays% b)?’t Pullﬁlécoufnder the same

[err] ubée "under "nrtrog

t et r ahydr oxy@nbeioas (126 ng; 1.41 nmol), PdC [err] (dppf).CH2C12 (24 nm;
0.029 mml ), KOAc (276 ng; 2.81 nmmol) and 4- 20 i odobenzam de (219 nmy;
0.886 mml) in dry DVBO (5 m) was sealed and stirred at 40C for 18

hours. A snmll anmpbunt of the reaction m xture was diluted with
CH3CN H err]O,

FUNCTIONAL GROUP EXAMPLES

Example 7
10 CH

H3CO~</;/\\~B/\/3
H

In a Schlenk tube under nitrogen, a mixture of tetrahydroxydiboron (99 mg; 1.10 mmol),
PdCl,(dppf).CH,Cl, (26 mg; 0.032 mmol), KOAc (288 mg; 2.93 mmol) and 4-

15 iodoanisole (231 mg; 0.987 mmol) in dry MeOH (5 ml) was sealed under nitrogen and
stirred at 40°C for 18 hours. A small amount of the reaction mixture was added to water,
extracted into dichloromethane and then dried over MgSO,. The reaction solution was
diluted with CH,CN, filtered through glass fibre filter paper and anatysed by HPLC
(Waters 600E) under the following conditions: Zorbax ODS, 4.6 mm x 25 c¢m column, A

20 = 230 nm, 2ml/min using 20% CH,CN:80% H,O to 90% CH,CN:10% H,O over 25
mimutes. A major peak (84 %) was observed at 6.79 mins which was identified as 4-
methoxyphenylboronic acid by LC/MS. Addition of authentic 4-methoxypheny!boronic
acid to the reaction solution and analysis by HPLC under the same conditions provided
further evidence that the desired arylboronic acid had formed.

25

Example 8
OH

Hﬂ—8<

30 OH



filtered through glass fibre filter paper and anal ysed by HPLC (Waters
600E) under the follow ng conditions: Zorbax ODS, 4.6 mmx 25 cm

col um, M&QPY12240230 nm 2m /min usi ng 20% CH3CN: 80% POT/AUSS/@G2% CHICN:
10% H err] 0 over 25 minutes. The new peak 25 observed at 2.81 mns was
identified as the arylboronic acid by LC/ M. Exanpl e 10

[err] 30 -31- CH

- 32 - In a Schl enk tube under nitrogen, a m xture of

t et rahydr oxydi boron (117 ng; 1.31 mmol), PdCl [err] (dppf). CHerr]d 2
(22 ng; 0.G 7 nk: tub&0delr Afteo ;a?mﬁﬁrémﬂe)raﬂmdoyéydlﬂmmyn{)m 1.34 mmol),
4' - bronDblp (303 ng; 0.89 in dry O (5 was seal ed under
ni trogen Ed(ﬁ;(dpplbl@lﬁﬂiz%mg[@aﬂﬂ (Imﬂfld) K@And&é&mgﬂs?#anmoarmdﬂr of the

reaction m xture was dil r] d thr | ass
fibre fil tebrowapw 1&%&%9'5&1’ rﬂaﬁ@%\m@h&y ﬁ%’é@egf R i P o 9
ollow ng c n | QRS £ r]

= 230 nm A A0S0 0 b sl b Bf o Rl P Bdetlo st )
mnutes. 4 é%a@fedﬁ%kdléﬂ'ﬁéiroﬁ@ﬁh& afd ﬁ{enlﬁlea&vm N%S@} dThelmattidn sthtma wise
aryl boronic acid 10 by LC Ms. 11
[err] 15  diluted with CH3CN filtered through glass? ke filter paper and analysed e rHITLC

(Waters 600E) under the following conditions: Zorbax ODS, 4.6 mm x 25 cm column, A

= 230 nm, 2ml/min using 20% CH,CN:80% H,O to 90% CH,CN:10% H,;0 over 25

minutes. The new peak observed at 2.49 mins was identified as the arylboronic acid by

10 LC/MS.
Example 9
OH
15 7\ B/
HoN - \OH

In a Schlenk tube under nitrogen, a mixture of tetrahydroxydiboron (126 mg; 1.41 mmol),
PdCl,(dppf). CH,Cl, (24 mg; 0.029 mmol), KOAc (276 mg; 2.81 mmol) and 4-

20 iodobenzamide (219 mg; 0.886 mmol) in dry DMSO (5 ml) was sealed and stirred at
40°C for 18 hours. A small amount of the reaction mixture was diluted with CH;CN/H,0,
filtered through glass fibre filter paper and analysed by HPLC (Waters 600E) under the
following conditions: Zorbax ODS, 4.6 mm x 25 cm column, A = 230 nm, 2mi/min
using 20% CH,CN : 80% H,0 to 90% CH,CN:10% H,0 over 25 minutes. The new peak

25 observed at 2.81 mins was identified as the arylboronic acid by LC/MS.

Example 10

30 OH

A s e




[err] [err]

[err] In a Schl enk tube under nitrogen, a m xture of :

t et rahydr oX§@i998840n (120 ng; 1.34 mmol), 20 Pdd [err] (dppf)ecaihessroptds2 (24
ng; 0.029 mml), KOAc (272 ng; 2.77 mmol) and net hyl 3-

| odo- 4- net hoxybenzoate (262 ng; 0.897 mml) in dry DMSO (5 m) was seal ed

and stirred at 40[err]C for 18 hours3p A small anount of the reaction
m xture was diluted with CH3CNH err] 0, filtered through glass fibre
filter paper and anal ysed by HPLC (Waters 600E) under the follow ng

conditions: Zorbax ODS, 4.6 mmx 25 cmcolum, X = 230 25 nm 2m/mn
using 20% CH3CN: 80% H err]0 to 90% CH3CN:. 10% H err] O over 25 mnutes. A

new peak was Iﬁaﬁgﬁﬁ t@tseL\ga/d%%nmogé%gmﬂuﬂ%rbtfitétfaﬁsld@&yaibsroelqs 7 &; 1.31 mmot),

aryl boroni ¢ aci
- 33 - BdCipgepfl £H,Cl, (22 mg; 0.027 mmol), KOAc (275 mg; 2.80 mmol) @ 4-benzoyl-
[err]

0™ n o drivemgoipbye! GEenE 890 uRD B $7-RNSD Grmbovasnged sRdniREn

(265 my. 2. 2B ahdp e b gfcohes PPl o f Mot AR Wl il i

DMVBO (5 m) v@ag,aea, e raRebdsthioupl @ladé fidl fafel pepdrahd analysed by HPLC (Waters
600E) under the following conditions: Alltima C18, 5 micron, 4.6 mm x 15 cm column, A
= 230 nm, 2ml/min using 20% CH,CN:80% H,0 to 90% CH,CN:10% H,0 over 25

minutes. A major peak was observed at 13.08 mins and identified as the arylboronic acid

10 by LC/MS.
Example 11
CH3
15 o /OH
72
~( on
OCH4

In a Schlenk tube under nitrogen, a mixture of tetrahydroxydiboron (120 mg; 1.34 mmol),

20-. PdCl,(dppf).CH,Cl, (24 mg; 0.029 mmol}), KOAc (272 mg; 2.77 mmol) and methyl 3-
iodo-4-methoxybenzoate (262 mg; 0.897 mmol) in dry DMSO (5 ml) was sealed and
stirred at 40°C for 18 hours. A small amount of the reaction mixture was diluted with
CH,CN/H,0, filtered through glass fibre filter paper and analysed by HPLC (Waters
600E) under the following conditions: Zorbax ODS, 4.6 mm x 25 cm column, A = 230

25 nm, 2ml/min using 20% CH,CN:80% H,O to 90% CH,CN:10% H,O over 25 minutes. A
new peak was observed at 5.65 mins and identified as the desired arylboronic acid by
LC/MS.

30



10 18 hours. A small amount of the reaction mxture was diluted with
CH3CNH err]O filtered through glass fibre filter paper and anal ysed by
HPLC (Wat &YQ%B138#) under the fol [ ow ng condi tions: Zor bBQT/EDM004266 MM X
25 cmcolum, [err] = 230 nm 2m/mn using 20% CH3CN: 80% H20 to 90%
CH3CN: 10% H20 over 25 m nutes. A new peak was observed at 3.54 mns and
identified as the desired aryl boronic aggd by LC Ms. 15 Exanpl e 13
[err] [err] 20 [err] [err]

In a Schl enk tube under nitrogen, a m xture of tetrahydroxydi boron (130 ny;
1.45 mol ), gxanfBiChperr] (dppf).CHerr]Cl2 (25 ng; 0.031 nmmol ), KOAc. (295

ng; 3 01 nmo n -(4- br omophenoxy) et hanol (214 ng; 0.986 mmol) in
dry MeOH (5 ml) was sealed and stirred at 40[err]C for 18 hours. A small
anount of the reaction mxture was diluted with CH3CNH err] O, filtered

through glass fibre filter paper andoan
under the following conditions: Alltim C
colum, X 230 nm 2m /m n using 20% 80% H[err]O to 100% CH3CN
over 15 mqutes. A new peak was observed at 36 mins and identified as
the desired aryl boronic acid by 30 LC/ M. %

- 34 - Exanpl e 14 5 [err]

In a Schlenk tube under nitrogen, a mixture of tetrahydroxydiboron (123 mg; 1.37 mmol),
PdCl,(dppf).CH,C], (23 mg; 0.028 mmol), KOAc (269 mg; 2.74 mmol) and S—bromo—l-
indanone (187 mg; 0.866 mmol) in dry DMSO (5 ml) was sealed and stirred at 40°C for

10 18 hours. A small amount of the reaction mixture was diluted with CH,CN/H,0, filtered

by HPLC (Waters 600E)
ycron, 4.6 mMm x 25 cm

through glass fibre filter paper and analysed by HPLC (Waters 600E) under the following
conditions: Zorbax ODS, 4.6 mm x 25 c¢cm column, A = 230 nm, 2ml/min using 20%
CH,;CN:80% H,O to 90% CH,CN:10% H,O over 25 minutes. A new peak was observed
at 3.54 mins and identified as the desired arylboronic acid by LC/MS.

15

Example 13

_ M
O
CH

20 HO

In a Schlenk tube under nitrogen, a mixture of tetrahydroxydiboron (130 mg; 1.45 mmol),
PdCl,(dppf).CH,Cl, (25 mg; 0.031 mmol), KOAc (295 mg; 3.01 mmol) and 2-(4-
bromophenoxy)ethanol (214 mg; 0.986 mmol) in dry MeOH (5 ml) was sealed and stirred

25 at40°C for 18 hours. A small amount of the réaction mixture was diluted with
CH,CN/H,0, filtered through glass fibre filter paper and analysed by HPLC (Waters
600E) under the following cen_ditions: Alltima C18, 5 micron, 4.6 mm x 25 cm column, A
= 230 nm, 2ml/min using 20% CH;CN:80% H,0 to 100% CH,CN over 15 minutes. A
new peak was observed at 1.36 mins and identified as the desired arylboronic acid by

30 LC/MS.



[err] In a Schl enk tube under nitrogen, a m xture of

t et rahydr oxydi boron (128 ng; 1.43 mmol), 10 Pdd 2(dppf).CHd [err] (24 ny;
0. 029 mmol WO R@ARO (2904 ny; 3.00 nmol ) and 5- br onodi ph&GFIAUSSREIR6 ( 244
ng; 0.983 mol) in dry MeOH (5 m) was sealed and stirred at 40[err] C
for 18 hours. A small anmount of the reaction mxture was diluted with
CH3CN H err]O, filtered through glass34ibre filter paper and anal ysed by
HPLC (Waters 600E) under the followi ng conditions: Alltima C18, 5
mcron, 4.6 mnmmx 25 cmcolum, [err] = 230 nm 15 2m/m n using 20%
CH3CN: 80% H20 to 100% CH3CN over 15 m nutes. A new peak was observed at
8.65 mns and identified as the aryl boronic acid by LC M. Exanpl e
15 [err] 20

[err] [err]

[err] | n Examiphe &k tube under nitrogen, a mixture of

t et rahydr oxydi boron (134 ng; 1.49 mmol), 25 PdC [err](dppf).CHC [err] (24
ng; 0.029 mmol ), KOAc (291 ny; 2.96 mml) and 2, 5- di br onot ol uene (244
mg; 0.976 myrol ) in dry MeOH (5 m) was _seal ed_under nitrogen and
stirred at 40[err]C for 18 hours. A's ;@\of the reaction m xture
was diluted with CH3CNH err]0 a i t hadtigh glass fibre filter
paper. The desired aryl boronic acid detected By L MS. 30 A snall

amount of the reaction mixture was added to water, extracted into diet hyl
et her OH . 35 .

In a Schienk tube under nitrogen, a mixture of tetrahydroxydiboron (128 mg; 1.43 mmol),

10 PdCl,(dppf).CH,Cl, (24 mg; 0.029 mmol), KOAc (294 mg; 3.00 mmol) and 5-
bromodiphenyl ether (244 mg; 0.983 mmol) in dry MeOH (5 ml) was sealed and stirred at
40°C for 18 hours. A small amount of the reaction mixture was diluted with CH,CN/H,0,
filtered through glass fibre filter paper and analysed by HPLC (Waters 600E) under the
following conditions: Alltima C18, 5 micron, 4.6 mm x 25 cm column, A = 230 nm,

15 2mi/min using 20% CH,CN:80% H,0 to 100% CH,CN over 15 minutes. A new peak was
observed at 8.65 mins and identified as the arylboronic acid by LC/MS.

Example 15 -
20 A,/Br
| CH; OH
HO\N f
I andfor ¥ X B\OH
OH P>

Br

In a Schilenk tube under nitrogen, a mixture of tetrahydroxydiboron (134 mg; 1.49 mmol),

25 PdCly(dppf).CH,Cl, (24 mg; 0.029 mmol), KOAc (291 mg; 2.96 mmol) and 2,5-
dibromotoluene (244 mg; 0.976 mmol) in dry MeOH (5 ml) was sealed under nitrogen
and stirred at 40°C for 18 hours. A small amount of the reaction mixture was diluted with
CH,CN/H,0 and filtered through glass fibre filter paper. The desired arylboronic acid
detected by LC/MS.

30 A small amount of the reaction mixture was added to water, extracted into diethyl ether



and then dried over MgSH." Excess pi nacol was added to the extract and the
sol uti on woeabypsed by GC. A new peak was detected and id L1 t he
correspondi ng aryl borate by GC/ Ms. 5 Exanpl e?ff%/Abbﬁﬂn?ss

[err] [err] [err]

OH In a Schl enk tube under ni trog(;%,_ a mxture of tetrahydroxydi boron
(124 ng; 1.38 mol), Pdd 2(dppf) . CH2Cr2 (24 ng; 0.029 nmol ), KOAc (267
ng; 2.72 mmol) and 15 phenyltrifl uoronet hanesul fonate (204 ng; 0.902 mmol)
indry MeOH (5 m) was seal ed and stirred at 40[err]C for 18 hours. A
smal |~ anpuntand fthenhdriedeaser MgbQyi Exease pinasolavasiadded ¢ the extract@pd dh sqletion O
filtered through gl a fibre filter,paper _a | ys by HPLC..(\Wat er s
600E) " under PHISIGRY O AyTetac MEnAABRR] el Qe RB B fe Briibbiaite Bnfhotse o
colum, [ernk go/ms. 230 nm 2ml /min using 20% CH3CN: 80% H err] O to 100%
CH3CN over 15 mnutes. The 20 peak at 1.87 mins was identified as

phenyl boronic acid after addition of authentic materi al to the reaction
solution and anal ysis by HPLC under the sanme conditions. Exanpl e 17
25 5 [err]

[err] [err] [err] 30 In a dry

Schlenk tube fitted with a magnetic stirrer and flushed with argon were
pl aced 3-

Example 16 oH
- O~

10
\OH

In a Schlenk tube under nitrogen, a mixture of tetrahydroxydiboron (124 mg; 1.38 mmol),
PdCl,(dppf).CH,Cl, (24 mg; 0.029 mmol), KOAc (267 mg; 2.72 mmol) and

15 phenyltrifluoromethanesulfonate (204 mg; 0.902 mmol) in dry MeOH (5 ml) was sealed
and stirred at 40°C for 18 hours. A small amount of the reaction mixture was diluted with
CH,CN/H,0, filtered through glass fibre filter paper and analysed by HPLC (Waters
600E) under the following conditions: Alltima C18, 5 micron, 4.6 mm x 25 ¢cm column, A
= 230 nm, 2ml/min using 20% CH,CN:80% H,O to 100% CH,CN over 15 minutes. The

20 peak at 1.87 mins was identified as phenylboronic acid after addition of authentic material

to the reaction solution and analysis by HPLC under the same conditions.

Example 17

25 H

0 —~Q

t( > \OH
B
H 3CO N OCH 3

30 In adry Schlenk tube fitted with a magnetic stirrer and flushed with argon were placed 3-



- 36 - i odo- 2, 6-di met hoxypyridine (494 ng, 2 mol es),

t et rahydr oxydi boron (177 ng), pot assi um acetate (326 ng, 3. 3 mml es) and
[1, 2- bi s(VPRER#Dhosphi no) - f errocene] di chl or opal | adi uRFTAL9%/80726ry,
0.07 mmol es), followed by dry nethanol (10 m), the flask seal ed,

shaken, then stirred overnight in an oil bath at 50[err]. A small anount 5
of the reaction mxture was diluted w t-B6CGH3CNVH err] 0 and filtered through
glass fibre filter paper. 2, 6-D met hoxy-pyri di ne-3-boroni c acid was
identified as a product by LC/ M. ALKENE EXAMPLES 10 Exanple 18
MeCH as sol vt 2 ¢ di ridine (494 mg, 2 mmoles), tetrahydroxydiboron (177 mgherr] 15
[err] I n @ch. ghrﬁet%l% (gyulnder( nit rgogen, a )m xture of tetrahydroxydi boron

Egi 9m:J; 0.29 %%mh?rr)a aceteg?(ﬁﬂ%(ngpb?)mﬂg[es} ax}ctﬂr}z%-b‘mgﬁmglvhgwi@g |7 ), KOAc

; . mo an r.onoLri en n . . ) I n
dry Nengm (5 ferjocoreddislorengiadigm(il) (ﬁtmg}r@% &%/m‘ﬁéff%e%&"&’egg’? ‘%é %%&@?@&?
sl amount & didBadC@skioh ﬁ(ttﬂénewé\%wggﬁ%lttiﬁ 2B %ath A%508X T GEAIP b0

di chl oroneth e, over reaction sol ution was

di | uted w gh RN crbh lrhigh6 wab anues vaihasH,ENIHLE 4rd fllereddpeughagiassditat yded
by HPLC ?V\at ers 600E) under the follow ng conditions: Zorbax OG:);'?Y 4.6
MM x 25 cm cpipenm2, 6¥Dimethoxy-Padiinerd-berdnicacd wes igntied ey BrIRWBGRH Y Po
The new peak observed at 1.96 nins was identified as

1,2, 2-triphenyl vinyl boronic acid by LCMS. 25 The reaction sol ution was

al so anal yse wi ng conditions: Alktima C18, 5 m cron,
4.6 mMm x 15 %nlﬁ'ig%ﬁi&n%wgtggo nm 2m /mn using 20 % CH3CN: 80% H20 to
100% CH3CN over 15 minutes. The 1,2, 2-triphenyl vinyl boronic acid appeared
at 9.93 m ns under these conditions.

10 Example 18

MeOH as solvent

15
In a Schlenk tube under nitrogen, a mixture of tetrahydroxydiboron (82 mg; 0.91 mmol),
PdCl,(dppf). CH,Cl, (19 mg; 0.023 mmol), KOAc (219 mg; 2.23 mmol) and
bromotriphenylethylene (247 mg; 0.737 mmol) in dry MeOH (5 ml) was sealed and
stirred at 40°C for 18 hours. A small amount of the reaction mixture was added to water,

201 extracted into dichloromethane and then dried over MgSO,. The reaction solution was
diluted with CH,CN, filtered through glass fibre filter paper and analysed by HPLC
(Waters 600E) under the following conditions: Zorbax ODS, 4.6 mm x 25 cm column, A
= 230 nm, 2mi/min using 80% CH,CN:20% H,O. The new peak observed at 1.96 mins
was identified as 1,2,2-triphenylvinylboronic acid by LC/MS.

25 The reaction solution was also analysed under the following conditions: Atltima C18, 5
micron, 4.6 mm x 15 cm column, A = 230 nm, 2ml/min using 20% CH,CN:80% H,0 to
100% CH,CN over 15 minutes. The 1,2,2-triphenylvinylboronic acid appeared at 9.93

mins under these conditions.

30



30 - 37 - Exanmpl e 19

DVF as solweny/12940 [err n a
Schl enk tube under nitrogen, a m xture of tetrahydroxydi bo%’Sﬁ’%’fi‘%"" ; 1.51
nmol ), PdCl 2(dppf).CH err]d 2 (26 ng; 0.032 nmol), KOAc (290 ng; 2.95
mml ) and 10 bronotri phenyl et hyl ene (C_%g _nmg; 0.963 mmol) in dry DMF (5 )
was seal ed and stirred at 40[err]Cfor 2.5 days. A small anount of the
reaction m xture was added to water, extracted into dichl oronet hane and
then dried W. This reaction solution was diluted with

CH err]CN a ed through glass fibre filter paper. The 1,2,2-"

tri phenyl vi gylbﬁp‘.rl IfenCi d was identified by HPLC (Waters 600E) under the
following 15 conditions: Alltinma Cl18, 5 mcron, 4.6 nmx 25 cm col um,
[err] = 230 nm 2m /m n using ~20% H20 to 100% CH3CN over 15
m nut es. Exanpl e 20 Et enti 20

[err] [err] 25 In a Schl enk tube
under nitr§)gen, a mxture of tetr mp on (120 ng; 1.33 mol),

PdC [err] (dppf).CH err]d 2 (23 ny;il 0. 230 5* KOAc (267 mg; 2.72 mmol)
and Z

In a Schlenk tube under nitrogen, a mixture of tetrahydroxydiboron (135 mg; 1.51 mmol),
PdCl,(dppf). CH,Cl, (26 mg; 0.032 mmol), KOAc (290 mg; 2.95 mmol) and

10 bromotriphenylethylene (323 mg; 0.963 mmol) in dry DMF (5 ml) was sealed and stirred
at 40°C for 2.5 days. A small amount of the reaction mixture was added to water,
extracted into dichloromethane and then dried over MgSO,. This reaction solution was
dituted with CH,CN and filtered through glass fibre filter paper. The 1,2,2-
triphenylvinylboronic acid was identified by HPLC (Waters 600E) under the following

15 conditions: Alitima C18, 5 micron, 4.6 mm x 25 cm column, A = 230 nm, 2ml/min using
80% CH,CN:20% H,0 to 100% CH,CN over 15 minutes.

Example 20
EtOH as solvent

20 -

25
In a Schlenk tube under nitrogen, a mixture of tetrahydroxydiboron (120 mg; 1.33 mmol),
PdCly(dppf).CH,Cl, (23 mg; 0.028 mmol), KOAc (267 mg; 2.72 mmol) and
bromotriphenylethylene (295 mg; 0.880 mmol) in dry EtOH (5 ml) was sealed under
nitrogen and stirred at 40°C for 18 hours. A small amount of the reaction mixture was

30 added to water, extracted into dichloromethane and then dried over MgSO,. This reaction



bronotri phenyl et hyl ene (295 ng; 0.880 mol) in dry EtOH (5 ml) was seal ed

under 9%%9 and stirred at 40[err]C for 18 hours. A small anount of

t he reaction fre was 30 added to water, extracted intoPSTAUBPHREL hane
and then dried over MgSH. This reaction

- 38 - solution was diluted with CH3CN and filtered through gl ass
fibre filter paper. The 1, 2, 2- tri pt@nyl vi nyl boroni c acid was
identified by HPLC (Waters 600E) under the follow ng condi tions:

Alltima C18, 5 micron, 4.6 mmx 25 cmcolum, [err] = 230 nm 2m /m n using

80% CH3CN: 2086hrizéh wes difiRed @HB@H N and Blterea direagh glads fibre filter pasPTRe 20,2-
i -PrOH as sol vent 10

15 I n a Schl sipkenyipiaylhomaic asid W@gedﬁnnﬁe@rbx HRLC OWatees GQUE) pndsrthe lﬁ@iiqwmg 12 7]
ng; 1.42 mol

2,78 ot edriciings: AN 3 BItEy (o8 ﬁéz%"g@uz: ¢ %‘@jﬁ\@f quA"\\‘Fg 5?713%
S Prof (5 M godReHIaRR% BN 1o 100 dc%c?d offr BOBHAC 1 of ours. A sanple

of the reaction m Fe was |Iu and filtered through
glass fibre filter paper. The 1,2, 2-triphenylvinyl boronic acid was 20
identified by HPLC (Waters 600E) under the follow ng conditions: Alltim
C18, 5 mcron, 4.6 nmmx 25 cmcolumm, [err] = 230 nm 2m /mn using 80%
CH3CN: 20% H err] 0 to

Example 21
i-PrOH as solvent

10

15 In a Schienk tube under nitrogen, a mixture of tetrahydroxydiboron (127 mg; 1.42 mmol),
PdCl,(dppf).CH,Cl, (22 mg; 0.027 mmol), KOAc (273 fng; 2.78 mmol) and
bromotriphenylethylene (296 mg; 0.883 mmol) in dry i-PrOH (5 ml) was sealed and
stirred at 40°C for 18 hours. A sample of the reaction mixture was diluted with CH,CN
and filtered through glass fibre filter paper. The 1,2,2-triphenylvinylboronic acid was

20 identified by HPLC (Waters 600E) under the following conditions: Alltima C18, 5
micron, 4.6 mm x 25 cm column, A = 230 nm, 2ml/min using 80% CH,CN:20% H,0 to
100% CH,CN over 15 minutes,

Example 22
25 H,0 as solvent

30



100% CH3CN over 15 m nutes. Exanple 22 25 Herr]0 as sol vent

[err] 3% - 39 - I n
a Schl enk tl?/é”l:‘l?]der nitrogen, a m xture of tetrahydroxydi%fﬁ??s@g?f ny;

1.42 mmol ), Pdd 2(dppf).CH2A 2 (25 ng; 0.031 mmol ), KOAc (273 ng; 2.78
mol ) and bronotri phenyl et hyl ene (296 ng; 0.883 mmol) in degassed Her]O0
(5 M) was seal ed and stirred at 40‘[%3’T]C for 18 hours. A snmall anopunt
of the reaction m xture was added to water, 5 extracted into

di chl oronet hane and then dried over MgSO4. This reaction sol ution was

dil uted wi tn Coeidsnkatube funderanitraganh aonighrg b satrahydrozydibéror(15bmer 1.42hmmol),

under the 1BICRERHE CRCe el 0361 el kiRei@T Badpdmmalt i x 25 om
col urm, [er &%mr%tﬁ@?eggf@t%éﬂe/ (7H8 E%g'r?pn%kg Iggloﬁq(r)f’dgﬂs?&f HOYF U W29 sdafedlYR”

CH3CN over

[err] 1s stirred at 40°C for 18 hours. A small amount of the reaction mixture Wa8ratfled to water,! n
a Schl enk tube under nitrogen, a m xture, of tetra%dro_xydi boron (131 ny;
1. 46 mmol §, extraciedanjoedie}orpspsthaneapditiesrdried ovgr MgS(. BBI3 rasasion solifien Was03

(401 ng; 2. 20 SF%hkh @ﬁfbl& aitd filtered through glass fibre filter paper. The 1,2,2-
triphenylvinylboronic acid was identified by HPLC (Waters 600E) under the tollowing
conditions: Alltima C18, 5 micron, 4.6 mm x 25 cm column, A = 230 nm. 2ml/min using
80% CH,CN:20% H,0 to 100% CH,CN over 15 minutes.

10

Example 23
O (I)H
B

15 \OH

In a Schlenk tube under nitrogen, a mixture of tetrahydroxydiboron (131 mg; 1.46 mmol),
PdCl,(dppf).CH,Cl, (26 mg; 0.032 mmol), K,CO, (401 mg; 2.90 mmol) and 4,4-

20 dimethyl-2-iodo-2-cyclohexenone (240 mg; 0.960 mmol) in dry MeOH (5 ml) was sealed
and stirred at room temperature (23-25°C) for 2.5 days. A small amount of the reaction
mixture was diluted with MeOH and analysed by GC before adding excess pinacol. GC
analysis after the addition of pinacol showed a new peak which was identified as the
corresponding vinylborate, thus providing evidence for the formation of the vinylboronic

25 acid initially.

Example 24

Reaction of enones

30




20 di net hyl - 2-i odo- 2- cycl ohexenone (240 ng; 0.960 mol) in dry MeOH (5 ml)

was seal e stirred at roomtenperature (23-25C) for 2.5 days. A
smal | anp ﬁnggﬂﬁhe reaction m xture was diluted with Nﬁﬁﬂﬁgﬁﬂ%ﬁﬁalysed
by GC before addi ng excess pinacol. GC anal ysis after the addition of

pi nacol showed a new peak which was identified as the correspondi ng
vinyl borate, thus providing evidence fo40the formation of the vinylboronic
25 acid initially. Exanpl e 24 Reaction of enones

[err] 30 [err]

[err] - 40 - - In a
Schl enk tube under nitrogen, a solution of tetrahydroxydi boron (121 ny;
1.35 mol), Pt (PPh3)4 (42 ng; 0.034 nmol) and

trans- 4- phenyl - 3: bu -2-one (127 : .0. 86 I S gn dr (P S
seal ed and gi{ iarﬁgg’ngt%h?d{@ﬁ]’ 0559’%@lmroj.t%ﬁﬁwdlg%%’nézwi’é\leﬁd dmdlf,
reaction mi ol Bt ' L ' '
excess pﬁg’;ﬁ;’?)\f{@‘zﬁﬂfg n gl ({?g i dé‘fng? tag@ %dﬁgaggﬁ ?y'?i %E&g?%?%é%?% g)@m H%é)w
peak whi chs Wadry DIF (§ itdwas seakedtdng stioed es4iitifard 8vionyd. ko smbkk ambhorsof the

provi ding evidence for the formation of the vinylboronic acid initially.
10 Examrpicgion mixturewas giduted yithMePH andj anglysaebipG&ebefore adding excess

[err] . In chl.enk tu u r nit.rogen ] - . .

t et r ahydr oxyf’&f?aﬁ@r 3?1 @&a!}éslﬁgﬁtgrbtﬁe a&'cﬁ'gon ot pma&)? Jhoved W E)galé)&'hlch was identified
as the corresponding vinylborate, thus providing evidence for the formation of the
vinylboronic acid initially.

10

Example 25

One pot synthesis using one base

O
-
Ej - ' CH,

In a Schlenk tube under nitrogen, a mixture of tetrahydroxydiboron (119 mg),
20 .PdClz(dppf).CHZClz (23 mg; 0.028 mmol), K,CO, (389 mg; 2.81 mmol) and 1-iodo-3,4-
methylenedioxybenzene (229 mg; 0.923 mmol) in dry MeOH (5 ml) was sealed under

15

nitrogen and stirred at 25°C. After 6h a small amount of the reaction mixture was added
to water, extracted into dichloromethane and then dried over MgSO,. GC analysis showed
the reaction to have gone to completion. Water (1 ml) was added and the reaction mixture
25 was heated at 40°C for 2.5 h. After cooling to room temperature (23°C) 4-
iodoacetophenone (226 mg; 0.919 mmol) was added and the reaction mixture stirred at
room temperature. After 18 h GC analysis showed two major peaks identified as the

unsymmetrical biaryl and unreacted 4-iodoacetophenone by GC/MS.

30 Example 26



20 Pdd 2(dppf).CH err]d 2 (23 ng; 0.028 mmol), K[err]CI)S (389 ny; 2 81
nmol woa9d2dke 1 0do- 3, 4- met hyl enedi oxybenzene (229 fgy in dry
MeOH (5 m) was seal ed under nitrogen and stirred at 'g%q?errzjrggo After 6h
a small amount of the reaction m xture was added to water, extracted
into dichloromethane and then drieg over MgJSO4. GC anal ysi s shovved t he
reaction to have gone to conpletioh.” Water (1 m) was added and the
reaction mxture 25 was heated at 40[err]C for 2.5 h. After cooling to

roomtenperature (23 C) 4- i odoacet ophenone (226 ng; 0.919 mmol) was
added Xauiatipn of dhecatalysti xture stirred at roomtenperature. After 18 h
GC anal ysis showed two maj or peaks identified as the unsynmet ri cal

bi aryl and unreacted 4-iodoacet ophenone by GC/ Ms. 30 Exanpl e 26

- 41 - The reaciféh k@lﬁh&ﬁ 1ﬁfthi'§ féﬁarﬁﬁl%f’uré{@ bnalysed bV? (ﬁﬁ%ﬁdcﬁéh)%ﬂe%bﬂfé?mbﬁ‘ t hi's
exanmpl e were anal ysed by gc d detection ter conversion

bor oni of theitdrape acldspemtsantmman pinacalatel estes desvawesieﬂ‘hlsaVaS\mmedT dmtsbywas
carried out b 5 act i rox. 0.3 m of t ction [ uti th

pi nadofeacrg y%prpag 94 Tol oftihe fagrion pafption wgh rmafolf@@ Woog faan th“'

sol uti a cted 3 tines
wth Qﬁeﬁﬁgné@%ﬁ rfu'h hlfaI‘r%js S\Mll&t[bn?f?]{ ( &H&éﬁ%ﬁ Yﬁg?ﬁargﬁm?yl ek%g&@bef ore

i nj ect bgackddt Dtifdes »\9@1 WiteOsid e ethed 8d18664 OIN1 Bfm)) @igiell iwath B0} befdse wer e al so

anal ysed by gl c (neat, filtered reaction solutions were used) and the
pr esenU‘eeC(btbntlhfe the g¢ Ob B¢ /o cAa‘scieeltwmofvmactmmblwumww 239 anakygedoy h an
gflt henilg plc (ne h ffered reaction scﬂu{m Shis were uf‘édr) ra]nd the presence of the ary! boronic acid

[er V.St 134 nmgs (1.5 mmol ) of
et o SO e B BP0 S o) - oier ]G 2 and

Formation of
15 —
{ oH

Palladium catalysts

20 1. 134 mgs (1.5. mmol) of tetrahydroxydiboron, 26 mg of PdCl(dppf).CH,Cl, and
415 mg (3 mmol) K,CO;in a reaction tube under nitrogen were treated with 273 mg
(1.10 mmol) 1-iodo-3,4-methylenedioxybenzene in 5 ml dry methanol at 25°C with
stirring. On analysing the reaction solution by gc after 68 h, the 1-iodo-3,4-
methylenedioxybenzene had all been consumed and the required arylboronic acid had

25 formed. This was confirmed by hplc. Some bis(pinacolato)diboron was also observed in

- R o a4 Bt T e AR

the gc indicative that the reaction solution still contained some tetrahydroxydiboron. On
the basis of the gc analysis (uncorrected areas) the amount of biaryl formed was small

(ratio of 1,3-benzodioxole-5-boronic acid : biaryl was ca. 100 : 8).

30 2. 135 mgs (1.5 mmol) of tetrahydroxydiboron, 24 mg of



415 ng (3 mmol ) K2COAB in a reaction tube under nltrogen were treated with
273 ny 1.10 mmol ) 1-i odo- 3, 4- et hyl enedi oxybenzene in 5 m dry nethanol
at 25[err ] ¥ORPAF4®  stirring. On anal'ysing the reaction sol RV %c
after 68 h, the 1-iodo-3, 4- met hyl enedi oxybenzene had all been consuned
and the requi red aryl boronic acid had 25 fornmed. This was confirned by

hpl c. Some bi s(pi nacol at o) di boron was al4b- observed in the gc indicative
that the reaction solution still contained sone tetrahydroxydi boron. On

the basis of the gc analysis (uncorrected areas) the anount of biaryl
formed was s ﬁﬁt?@m ﬁ?qu&nﬁo A&,00. (inacrezttuohlnﬁo"eyﬁndws
ca. 100: 8). %H%(CH%%HCCHM@E}%Q of tetlr)ahzydr3oxyd| boron, 24 of
- 42 - RitEdg2h (Welre kredte] &vnuh] ;z»gfbmg] (QGSZRBH[O@H' Jadock Hangthy lensdiowbenzene mrgS( 3

ey 6 o ol S, AR iR I08 i BT Bhich 5tk
t 25 C th
2 [er ] fmpggggg H%.o nﬁ%ﬁgﬁ%ﬁﬁﬂéﬂ?@%ﬂ?&%ﬁﬁfb@@ bBFdrPAALNABE viH "

h, I"oXybenzene an r ahydr oxydi bor on

( i dent ifi eOB \bi i B 1§20 Jali tolréxt aawlaé)o\)z@hetmsem ﬁke:he vatiioe jolusiore togetsewithisnme
the reaction soﬁ) ution together with sone 3- benzodj oxol e- 5- boro ‘@&
aci d, identi fl,2detmpdiuxble-Bberoaicsasid, ndmﬁléleéd‘)}’d%’lqm PFhECIHE g6 @S the pigacplate Ng

bi I b h d f th
ot iyl enodi ofen SErBADL e SOBEJ suar ComAtEpba I 1%ode s 104 e

1.5 mol) of i .
I(DdCI [err]%( tﬁl?@?@??&%ﬁ%??ﬁeﬁ%%ﬁ?’%%ﬁ%crc;l]rr[egrr]] and 413 ng (3

mmol) Klerr]C03 in a reaction tube under nitrogen were treated with 256
1. 03 nmol ) 1-iodo- 3, 4- et hyl enedi ox [ m dry nethanol at

25[farr]C leH?stl rlﬁﬂnggs(d}ﬁm %ﬁtﬁgalms%ow@ﬁ&r rﬁs@gtﬂfl on byygc after 68

h, sonme 1-io0

(identified 39 déﬂ%[ﬁ%‘?ggp%(#@’?bl na c%z’ll?g{ﬂ% gfglgrkg &@B{)?ggﬁ %%qﬁgggﬂg‘%b&“e“ﬁf r| n

the reacti on [§@bstni Wétre trth@d WA 256 mgugt 03 mmobps-idda33 denethglenadibeytenramednisc

aci d, |dent|f|edbby hplc and also in the gc and gc/ns as t he pinacol ate
ester. Some bibdrylméthahol ot %%s: mth sHUing. d@nan@g@naﬁh%wa@fom odutipn; Ryggs. after 68

t hyl di b t I b 134
%s %llegeml,rg sggéte gk%ﬂ%%y% &pgg%e%g%xe%%&%rﬁ%d?ox%ﬁlboron (lden%%eé via the

Pda [err]]{ M(gf Blalgtgfcﬁ%ﬂrﬁﬁ Hltr)iwllaa(tggjr'ﬁr@fer ﬂr):ie‘ﬁf {1l the 364118 8o iHok 3 THE®hain product

Klerr]CJerr] react ube un trogen were treated with 243 ny
(0.98 mmol ) JwasouB—banmmwﬁenMa)a«maumnemby Hplc and also dir thergetdndpsfmsas

25[err]th stirring. On analysing. the reactlon soI ut i c aft r,68
h, some 1- |odbeBln4CQ¥§‘?HP§‘leéné @ TREH 2% 190h B%%B“?q%‘ he 1-16d0-3,4-

(1 dent 1 ed vl g biace G5 RES/oRE 025 ALALOMILRAL ks R ofdlre) ver e hrosent i1

t he reactlonIE in“produ enzodi oxol e- 5- boroni ¢
acid, identified directly by hplc and also in the gc and

20 4. 134 mgs (1.5 mmol) of tetrahydroxydiboron, 25 mg of
PACL,[(C4Hs),P(CH,)sP(CsHs),] and 408 mg (3 mmol) K,CO, in a reaction tube under
nitrogen were treated with 243 mg (0.98 mmol) 1-iodo-3,4-methylenedioxybenzene in 5
ml dry methanol at 25°C with stirring. On analysing the reaction solution by gc after 68
h, some 1-iodo-3,4-methylenedioxybenzene and tetrahydroxydiboron (identified via the

25 bis(pinacolato)diboron derivative) were present in the reaction solution. The main product
was 1,3-benzodioxole-5-boronic acid, identified directly by hplc and also in the gc and
ge/ms as the pinacolate ester. Some biary! had formed and some dehalogenation of the 1-

iodo-3,4-methylenedioxybenzene to 1,3-benzodioxole was also observed.

30 3. 134 mgs (1.5 mmol) of tetrahydroxydiboron, 52 mg of Pd/C (10 % Pd) and 422



gc/ ms as the pinacol ate ester. Sone biaryl had fornmed and sone

dehal ogenajyp@yy the 1- i odo- 3, 4- net hyl enedi oxybenzen

1, 3- benzodi oxolieyc“evas al so observed. 30 5. 134 nys (1.%%?38/08?26

t et rahydr oxydi boron, 52 ng of Pd/C (10 % Pd) and 422

- 43 - ng (3 mmol) Klerr]CJerr]in reacti on tube under nitrogen
were treated with 256 ng (1.03 nmol )4 Zi odo- 3, 4- net hyl enedi oxybenzene
in5n dry nethanol at 25[err]Cwth stirring. On anal ysing the
reaction solution by gc after 18 h, the nain product was

1, 3- benzodi o & mmol) K,§drindi r@aﬁ@mdubq wrder inftraggn awere Heatpd walboR36 mgeEt @F

e el A 1S @‘?Wléx B@ﬁ?y fokyhengensa o) BomeinaaRl 3PS with wiggie.
ng' ngs (1. 5 nafie BRTREDR ATe G e 18, RO iR ey b ciong

10 (3 mmlbbrdﬁ&fiad [ 1ﬂemﬁeelaastth@pmtaem@tetestde Herivativ O Qe pether with KRG IW t h

250 ny (1 01 nmol odo- 3, 4- net hgl enedi oxybenzene in 5 m dry
net hanol M@lpgmnﬁmﬁ tlsec 1-iodondy4-rapf ylenedamlbymen@ ta hd-eazedipre wwimn

b ft h t 1,3-b I b
ati d, ?deﬁi. Phetvedd "SadBis wEEBPHF colPPupe ey FORA b eBebmmtuiad n some
biaryl (ratio of 3-benzodi oxol e-5-boronic aci d p| nacol ate ester

derivative to biaryl , uncorrected for fid 15 response, was 3.9: 1.
Dehal ogenati on of the 1-iodo-3, 4-net hyl enedi oxybenzene to'1, 3-

benzod oxol e g1 S T ey ek e S Boe B [ ST e
of tetrahygr %cﬁff@@@ @i FRc@dn Bbguhﬁ’érrﬂdp &&ﬁ'@ér@lu[eﬁ{eﬁlwﬁ{‘?gg i‘g%gge\} ?rhm%lgo

mol ) Klerr] h & reaction tub en were

ng (1.01 mmoll)iodo-3,4-methliprediodyepiing iarsesi @iyyﬂaemm%c DG with dirdngreidianol
at 25[err]Cwth stirring. On anal yS| qg the reaction solution by gc

after 18 h, sgeatesing thetrerctionisokuion-by-gswfenild hadhcimainprodish wiak il stbenzotioxole-5-
pi nacol ate e;t er.deri

met hyl enedi o X9BEHE laﬁ&‘ffﬁdﬁéﬁgﬁp%% ﬁa‘%g‘?fé"%ﬁ%etf%éﬂb‘v%éomﬁbtﬂﬁ}é‘ (ratio

reaction 8PBIbehAIHioxole-5-boronic acid pinacolate ester derivative to biaryl , uncorrected for fid

15 response, was 3.9 : 1. Dehalogenation of the 1-iodo-3,4-methylenedioxybenzene to 1,3-
benzodioxole was also observed. No iodo or diboron compound was found in the reaction

solution.

Platinum catalyst
20
134 mgs (1.5 mmol) of tetrahydroxydiboron, 24 mg of PtCL,[P(C4H,),], and 412 mg (3
mmol) K,CO;, in a reaction tube under nitrogen were treated with 250 mg (1.01 mmol) 1-
iodo-3,4-methylenedioxybenzene in 5 ml dry methanol at 25°C with stirring. On
analysing the reaction solution by gc after 18 h, some 1,3-benzodioxole-5-boronic acid,
25 identified as the pinacolate ester derivative, had formed. No biaryl but 1-iodo-3,4-
methylenedioxybenzene and diboron compound were observed by gc in the reaction

solution.

30



30 - 44 - Ni ckel
cat al yst 4 nmgs (1.5 nmol) of tetrahydroxydi boron,

Ni Cl 2(dppf“50%?ﬁ%§"j’17 ng (3 mmol) Klerr] CO8 in a reacti on? ?%@W?ﬂ]@?
nitrogen were treated with 252 ng (1.02 nmol) 1-iodo- 5

3, 4-met hyl enedi oxybenzene in 5 m dry nethanol at 25[err]C with stirring.
On anal ysing the reaction solution by¥gc after 18 h, the main product

was 1, 3- benzodi oxol e-5-boronic acid, i dentified as the pi nacol ate ester
derivative. No biaryl had fornmed. Alittle diboron conmpound remai ned
unreact ed anMickeleatalyst benzodi oxol e was also found in the reaction -

m xture. 10 Cobal t cat al yst 135 ngs (1.5 mmol) of

t et rahydr oxydi boron, 27 ng of CoCl[err](dppf) and 284 ng (2 mmol)

ol )| ‘fo?oijc”,lf‘ar 25 0 skl RS RSB LbaRE W%N?gﬁﬁgﬂ‘haﬁaﬁw@s{nﬂ% c
With stirri nﬁ aﬂé%&?dnrtabé hieder nitfdbaA e e bd widn 25¥ ngc(1202 BimolP 1edsone

1, 3- benzod|0x6 ronic acid, identified as the pi nacol ate ester
derivatives Badméuhylm&hok%ebzmylh 5 it dry -methlanoB ar25°C Wmtbtshymm)e@mmnylyemgéh@,
di boron conpound and a little 1, 3-benzodi oxol e were also . ? g%t ed. bX .gc
in the react ragptioposakationby goafter %rﬁb? gagnyproduct wasy Labeggpdigxole-3-boronic acl
[err] 5
[err] usi Hiﬁn%?‘ﬁie?s %Sgér%a@lm eSteﬁ'H%r1¥aetggt l\g)onbls;,l Qiltﬂagi gél@?dﬁ hlftge dl)POIOX}
wer e anal ysegohyouid refrafhed @hRAtEOEd Mhel, CRrediokeld was aiso folied hothe meatcuani d
species into their pinacol ate ester derivatives as described in Exanple 30
26. mixture.

10

Cobalt catalyst

135 mgs (1.5 mmol) of tetrahydroxydiboron, 27 mg of CoCl,(dppf) and 284 mg (2 mmol)
K,CO, in a reaction tube under nitrogen were treated with 261 mg (1.05 mmol) 1-iodo-
15 3,4-methylenedioxybenzene in S ml dry methanol at 25°C with stirring. On-analysing the
reaction solution by ge after 22 h, some 1,3-benzodioxole-5-boronic acid, identified as the
pinacolate ester derivative, had formed. No biaryl but 1-iodo-3,4-
methylenedioxybenzene, diboron compound and a little 1,3-benzodioxole were also
detected by gc in the reaction solution.
20
Example 27

Formation of

25 (. “OH

using other bases.

The reaction solutions in this example were analysed by gc (fid detection) after conversion
of the boronic acid species into their pinacolate ester derivatives as described in Example
30 26.



- 45 - Usi ng K3P04 as base 136 nmgs (1.5 mol ) of

t et rahydr %o/eWBst0on, 26 ny of PdC [err] (dppf).CH2C [err] apdr@4@smay26 (1.5
nmol ) K3PO4 in a reaction tube under nitrogen were treated with 259 ny
(1.04 mmol ) 1-i odo- 3, 4- net hyl enedi oxybenzene in 5 ml dry nethanol at
25[err]C for 17 h with 5 stirring. On_ggalysing the reaction solution by
gc the main product was found to be 1, 3- benzodi oxol e-5-boroni ¢ aci d,
identified in the gc through its pinacol ester derivative . The only

ot her peaks |des starting material, were two peaks bot.h
appr ox. %c#néke{,%;a%%ga of the main product peak whi ch were assi gned by

retenti on t 1138 rh . $mmol) BEREARYdIEB/ELEEH, 2611@1 thEPfdﬂl dppY). CH,U8jaR@ 340 m
C6H50P( O) (ONa) 2. 2% as ba)se 136 ir?g (1 g 1f(el§¢r}?ah (}rox di borogn

25 ng of Pd@l{Semmiol)d§#Q,. nuai[reacmpmn[termpeanmogmwn%e mzated wntholé9 mg (1.04

C6H OoP( O

Cr et ed i ¢ H%r%q}al)l e 4 e emdion acheio i B bt RptURUAt g3 bR LAD s
dry net hanp g)n%ﬁfysxﬁg tHeleabtidnSs ‘Mtfdﬁ v@@ gd the Bkin &g@@g&é&emﬂdw% 1,3-

reaction soI ut| mal n pro uct fou

1, 3- benzodi cveﬁmh@xdm@ﬁmlrmaaﬁd identifid iini thel gt throigh e pinacal weter derdvativeac®he
ester derivative . The anount of biaryl formed was small, its peak area
bei ng only Doy qthgr peaks im ghe goubesidesstasting matesial, suere twe deaksdiatly apprpx hidb of

2 benzodi o4gl g8 RN AGhihs pRICTBlch were BTN 19 o BRI 50! © vl

[err] Héﬁfd’m&*&@amﬂﬁrblﬁt er derivative of an arylboronic acid in a
one-pot reaction. 133 ngys (1.5 nmol ) of tetrahydroxydi boron, 364 ng (3

mol ) pinltol, 25 ng of 30 Pdd 2(dppf) .CH2Cl [err] and 283 ngy (2 nmol )
K2CO3 in a . actl en wer e treated with 249 ng (1.00
mol ) 1-iodﬁ %ﬁ#?@é&dwﬁ &in 5 n dry  nmethanol for 17 h at
25[err]C w 136%hdd {11 5 md)6r BEraRdrbRRIBEHE 3 PiheSH BICI o). CHLCEhE A9 R0 2
mmol) C,H;OP(0)(ONa),.H,0O in a reaction tube under nitrogen were treated with 249

mg (1.00 mmol) 1-iodo-3,4-methylenedioxybenzene in 5 ml dry methanol for 17 h at

15 25°C with stirring. On analysing the reaction solation by gc the main product was found
to be 1,3-benzodioxole-5-boronic acid, identified in the ge through its pinacol ester
derivative . The amount of biaryl formed was small, its peak area being only 1.5 % of
that due to the pinacol ester derivative of the 1,3-benzodioxole-5-boronic acid. A small
amount of 1,3-benzodioxole was also detected.

20

Example 28

y (@pjé

Formation of an ester derivative of an arylboronic acid in a one-pot reaction. 133 mgs
(1.5 mmol) of tetrahydroxydiboron, 364 mg (3 mmol) pinacol, 25 mg of

30 PdCl(dppf).CH,Cl, and 283 mg (2 mmol) K,CO, in a reaction tube under nitrogen were
treated with 249 mg (1.00 mmol) 1-iodo-3,4-methylenedioxybenzene in 5 ml dry

methanol for 17 h at 25°C with stirring. The gc of the reaction solution after extraction



into ether and washing with water, contained just 3 peaks with areas of
greater than 1 % and these were identified by retention_tines as the
required g’ﬂﬁ%&?‘@ni c acid ester (area 67 %, bis(pi nacoT%T’éyaqﬂ!%?%n
(area 24 % and 1, 3-benzodi oxole (area 5 %9. Applying the sanme gc sanple
wor k-up as described in Exanple 26 (i.e. addition of pinacol), the area of
5 the bis(pinacol at o) di boron peak increded to 27 % but the :

1, 3- benzodi oxol e to aryl boronic acid ester peak area ratio remai ned
constant to within experinental error. Exampl e 29 10
[err] into ether and washing with wale®! €dntained just 3 peaks with areas of greater thh81r %

15 Di boronic acid (tetrahydroxydi boron) (0. 135g; 1.506 mmol),

di phenyl acet gidethese(Were id@ified by Tetesidomtimey asthd re@tired erglboranishanid) esiero@pdai 6Ye
pl ati num (0. Q37g, ,0. 03 I re pl aced i n_a.,Schl enk tu nder. a

at nospher e o%ng’tsffpdﬁaéﬂgtOEEE’B%%V\@e&zaaﬂgI"m‘z &, 3ypenzgdioz eng?ts Q?4 Pﬁ&%&ear
sieve) was added &ﬁ@r ). : Y/ |
stirring tor %('UG lﬂ? gogg?%%g c&/?l%igl e tozgg%'gatdﬁ%oﬁeﬁ or oJr?lgéme{cE:zlt}(ejaéoft o)
t heir corr gsthendi(pidacsiiteydibordd padkdingeasedab 25i % babhtheeld3-berzquieobnwearplooronic
unr eact ed di phenyl acetyl ene,. nonoboronic acid ester and di boronic acid

ester, (bot haGidester peakarenrage remaiged postant fsithin expersmental error.
H [err] [err]

30 - 47 -
Example 29
10 (D}p / N\
Ho R P on A
OH OH HO

15 Diboronic acid (tetrahydroxydiboron) (0.135g; 1.506 mmol), diphenylacetylene (0.196g;
1.100 mmol) and tetrakis-triphenylphosphine platinum (0.037g; 0.030 mmol) were placed
in a Schlenk tube under an atmosphere of nitrogen. Absolute ethanol (5 mL, dried over
4 A molecular sieve) was added under argon, and the tube was heated at 70°C with stirring
for 86 hours. Pinacol was added to convert the boronic acids to their corresponding esters,

20 and gc analysis showed the presence of unreacted diphenylacetylene, monoboronic acid

ester and diboronic acid ester, (both identified by gc retention time).

25 —

30



Correspondi ng reactions were carried out using equival ent amounts of other
cat al yo¥@99/12940 whi ch al so resulted in the formation of tﬁ@ﬁ.},{m d
di boroni ¢ acid conpounds (identified by gc). O her cata ys@g%or this
reaction include tetrakis(triphenyl phosphine)palladium cis- 5 dichloro
bi s(tri phenyl phosphine)plati num tri s@di benzyl i deneacet one) di pal | adi um

br ono tris(tri phenyl phosphine)gold,” chloro

tris(triphenyl phosphi ne)rhodi um dichloro (dppf) pal | adi um and

bi s(di benzyl i deneacet one) pl ati num 10 Exanpl e 30 For mati on of

B 15 H “from

ci nnanyl : : L 1 ) i and 25 ng
of "l b BT o ing feactons heftinick: b Wiglodhivalchlt WA B KGR BRAB-EN

wi th 184 whichhisO4esuired in dierfoampioniefhantorionand dibordhit 2R dIMRAuRAs (idedtifRl
50[err]Cwith stirring. An aliquot of the reaction solution was prepared

for  gcbmeel her catalystssior e seartiorsinghnsle detpais(ripbenylphespbine)palledinma cis-

o1 nacol 3 Qe ity pBoSrt iR it R dehefiteneacsiane arFadiim omon ;
th I [ f : : 35

R e e s O

reacti on palladiunmatet bis(ditengdileneacetohe)phdtiadmai th 178 ng (1. 01 nmmol ) ci nnanyl

acetate in 5 .m dry nmethanol for 24 h at 50[err]C with stirring. The gc
on an aliquot of the reaction solution, prepared for gc analysis as
descri bed in Exanple 26, had only one peak at a 30 retention tinme |onger
than that of cinnanyl acetate. The retention time of this peak
PCT/ AUSS/ Bhfdfie 30 - 48 -
Formation of
N X /OH
| B
% |
{
OH

15

from cinnamyl acetate.

134 mgs (1.5 mmol) of tetrahydroxydiboron and 25 mg of Pd[P(CgHy),], in a reaction
tube under nitrogen were treated with 184 mg (1.04 mmol) cinnamyl acetate in 5 ml dry
20 DMSO for 2 h at 50°C with stirring. An aliquot of the reaction solution was prepared for

ge analysis as described in Example 26. The presence of cinnamyl boronic acid in the

reaction solution was confirmed by gc/ms on its pinacol ester derivative.

The reaction can also be carried out in methanol using PdClz'(dppt). CH,CI, as catalyst.
25

135 mgs (1.5 mmol) of tetrahydroxydiboron and 25mg of PdCl(dppf).CH,Cl, in a .

reaction tube under nitrogen were treated with 178 mg (1.01 mmol) cinnamyl acetate in 5

ml dry methanol for 24 h at 50°C with stirring. The gc on an aliquot of the reaction
solution, prepared for gc analysis as described in Example 26, had only one peak at a

30 retention time longer than that of cinnamyl acetate. The retention time of this peak

s et o e



correspond to that found for the pinacol ester derivative of cinnanyl
boronic a identified by gc/ns.

[err] wli%\g%?‘w [err] 5 A sol ution of PEFBEPYNES acid
(0.90 g; 1 nmol), 1- bronD 3, 4- (et hyl enedi oxy) benzene (0.400 g; 2 mmol ),
PdC [err] (dppf).CH2A 2 (40 g) and Cs2C33 (1.2 g; 3.7 mmol) in nethanol 10
(10 M) was placed under at at m)sphere'd‘f8 Mitrogen and heated at 60[err]C

with stirring. After 2 hrs, gc analysis of the reaction m xture

i ndi cated the formati on of the product as the major constituent (83 %,
an i nt er medi degtifisdisugd/msdent i fi ed as the aryl boronic acid (7.7% with
the starting 1-brono-3, 4-(nethyl enedi oxy)benzene accounting for the

remai nder (9.2%. 15 These exanpl es denonstrate that diboronic acid can
be used to s%nt hgs'b?e organi ¢ boronic acids and that these conpounds can
be further r n situ with the formationsof new car bon-car bon

atlon and the cIa|nB mhlch foll ow,
rd "conprise", or
4", wll be understood to

bonds. 20 Throughout this speci
unl ess the context requires
variationsSsuch as "conpri ses?

inply the inclusion of a stat& A group of integers but not the
excl usion of any other integer @r group of integers. 25 Those skilled in
the art will 4 B i S bl e
to, * var! atanuiBh o oAk L0 00U brE 35ibk0ch ¢ BB ereBioRYRERAE O
It is to be (@ulErgtDatnol), Rdﬁ;(dpm(]l{}@ﬁr’(ﬂotgm ahd OsiC@s(1ad k; Sﬂtrhmoa)rmamthml
and nodi fications. The invention also includes all of the steps,

features, codfdahmwas rﬁacﬁﬁ andesras @mesphersad miteegep aned heatad at 60 Ko Wltﬁ stirringhi s

specifica o] al [ .COl|lectiy n || ons
of any twh 0 oo PR 4ot §F cfedisaioh it R0 the F0fhnatlon P pRRRHR
1. Use ofthelxﬁugéxoéun@u@emd(ss %) AeintdraRalads produdfidénifed 43 MarPhsbhie R4 d
derivative contai ning at | east one boronic acid residue.

(7.7%) with the starting 1-bromo-3,4-(methylenedioxy)benzene accounting for the

remainder (9.2%).

15 These examples demonstrate that diboronic acid can be used to synthesise organic boronic
acids and that these compounds can be further reacted in situ with the formation of new

carbon-carbon bonds.

Throughout this specification and the claims which follow, unless the context requires
20 "otherwise, the word "comprise", or variations such as "comprises" or "comprising”, will be
understood to imply the inclusion of a stated integer or group of integers but not the

exclusion of any other integer or group of integers.

Those skilled in the art will appreciate that the invention described herein is susceptible to
25 variations and modifications other than those specifically described. It is to be understood
that the invention includes all such variations and modifications. The invention also
includes all of the steps, features, compbsitions 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.

—_— .
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5 2. A process for preparing organic boronic acid derivatives conprising
reacti ng W 9912940 organi ¢ conpound having a boron re Wt h
di boronic acid in the presence .of a Goup 8- 11%_{4&@@%& yst.

3. A process for preparing organic bor oni ¢ acid derivatives conprising

reacting an 10 organic corrpound haV| ng a hal ogﬁmmﬁal ogen- | i ke

substituent at a substitution DOS' tion wt (u !ﬂﬂ m
base,

the presence of a Group 8-11 netal catal yst and a
such that the hal ogen or hal ogen-like substituent is substltut ed With a

bor oni ¢ aci €CLAIMStue. 15 4. A process according to claim3 wherein the
or gani ¢ conpound i phat.i 5. A process according to claim3
wherein the orgardséog ElaF’Q ip the prgparation gfaxeorgamc %’?%‘E@g W8 ng to
claim5 wherein %Qﬁaﬂ?ﬁé;&%as?kn@%r%gﬁ%d }%gldggbstl tuent is 20 in a
vinylic position ocess according to claim3 wherein the
organi ¢ conpound is an aromatic conpound. 25 8. A process
according to claim?7 wherein the aromatic conpound is heterocyclic. 9.

A process Sadcor dqugrchsSafnypm@ruaﬁ oxganicrhorani¢ gcig degnizatives comprising ypacging an

net al cat aI | ati.nu i,C or.,co

Cotalyst. 30 16vsimityammaud hafl Al leBlidy Sfihn e Gric Shi R Bk | RS <
a pal | adi um cat alog\ﬁtGrou%S -11 metal catalyst.

50 - process for preparing organic boronic acid derivatives

conpri sing react| ng an ol efl ni ¢ organi ¢ conpound having at | east
one carbon to carbon doubl e bond, or acetyl eni ¢, conpound
havi ng at | &ast dnBrosasSHen Prepaing B’E&ﬁm‘tcrh%q’fé‘ Bejd fleriyptyps comprising reacting an

10 organic compound having a halogen or halogen-like substituent at a substitution
position with diboronic acid in the presence of a Group 8-11 metal catalyst and a
suitable base, such that the halogen or halogen-like substituent is substituted with a

boronic acid residue.

15 4. A process according to claim 3 wherein the organic compound is aliphatic.
3. A process according to claim 3 wherein the organic compound is olefinic.
6. A process according to claim 5 wherein the halogen or halogen-like substituent is
20 - in a vinylic position.
7. A process according to claim 3 wherein the organic compound is an aromatic
compound.
25 8. A process according to claim 7 wherein the aromatic compound is heterocyclic.
9. A process according to any one of claims 3 to 8 wherein the Group 8-11 metal

catalyst is a palladium, platinum, nickel or cobalt catalyst.

30 10. A process according to claim 9 wherein the catalyst is a palladium catalyst.

iy



di boroni c aC| d in the presence of” ou&f 11 netal catalyst such that a
boroni c acid residue is ﬁ u or two of the carbon
atoms of t‘ﬁ@ WAt i ve m m’Fe bond. PCI/AUSER0726 A

process according to claim1l corrprl Si ng réacti Mg an ol efinic organic

conpound having at | east one carbon to carbon double bond with
di boronic acid in the 10 presence-3f.a G oup 8-11 netal catal yst such
that a boronic acid residue is i ntroduced at each of the carbon
atons of the doubl e bond. 13. A pr ocess according to claim11

conprising repcti r@f(’ £ri
conj ugat ed dgﬁbl eﬂgﬁag%sg\lfm&{é] I g%?dgg?g@gg}bgl Int %nvpartl ggse%ocr%ﬁ Hgi’nggfeja_@[ge an
G oup 8-11 netal clktialcy@paric/comphaid lavimgr aiéast aw Chrb(ﬁﬁiochaebdlﬁddulbldeﬂﬂQQﬁla@t

t he di stal carbon atons participating in the con ation,
resulting in a | ogeetyenic compound havingnjteast Pramearbon to cabon trlp nss 4t

according to clal 11 co I’IS reacti t.urated
carbonyl 20° " egiostO Gt i et BB b R R oot St AR e B,
8-11 netal ssuch tRhay réidue is introduced&f 8 §r@€d@l‘ﬂh@%hﬂ!>€ﬁ atoing éltth@(i'ééﬁé‘éiw@t the
[err]-carbon and the [err],[err]-unsaturation is |ost

process accordi ngdmublcbatrxpldﬂzomd)rrprl sing reacting an acetyl en| c corrpound
having at | east one carbon to carbon triple bond with diboronic acid in the
presence 25 of a Goup 8-11 netal catalyst such that a boronic acid

residue is ipgrodys cé%? cco[rdm% o gabrﬁ‘% Qoﬂ%uri%ﬁ@ rgﬁzrtiggQn%tlegﬁ%ﬁltéafgﬁecghfpw&?

bond, resulting i n ecomn

16. A process apgefightlgasdt @ne0¥bon € edrbén dbutie bdnd With Aibur6rieiatidtiihes oup
8-11 metal 30 catal yst is a palladium platinum gold, rhodium or
ni ckel caflfl yst. presence of a Group 8-11 metal catalyst such that a boronic acid residue is - 51 -

caialystt o 1R Rt AR O b Bl Sl oni ¢ acta

derivatives conprising reacting an ol efinic conmpound having a
| eaving group at an allylic substitution position with 5 di boroni c
acid in the p3.eseAguocdssacc@rding t@eldim fétcampeising lryating o loldfinit carhpound daiving

two or more conjugated double bonds with diboronic acid in the presence of a
15 Group 8-11 metal catalyst such that a boronic acid residue is introduced at the
distal carbon atoms participating in the conjugation, resulting in a loss of

conjugation.

14. A process according to claim 11 comprising reacting an «,f-unsaturated carbonyl
20 compound with diboronic acid in the presence of a Group 8-11 metal such that a

boronic acid residue is introduced at the B-carbon and the a,B-unsaturation is lost.

15. A process according to claim 11 comprising reacting an acetylenic compound
having at least one carbon to carbon triple bond with diboronic acid in the presence
25 of a Group 8-11 metal catalyst such that a boronic acid residue is introduced on
each of the carbon atoms of the triple bond, resulting in the triple bond becoming a
double bond.

16. A process according to any one of claims 11 to 13 wherein the Group 8-11 metal

30 catalyst is a palladium, platinum, gold, rhodium or nickel catalyst.



group is replaced with a boronic acid residue. A process
accor di ng wosshzism 18 wherein t Em(lmu ﬂﬁ |s an ester 0 20.
A process for preparing an organm“ “ derivative co?r%ﬁ%’?%@é
reacting di boroni ¢ actd With &n ol efinic or gani ¢ conpound havi ng
at | east one carbon to car bon {Jloubl e bond, or an acetylenic
conpound having at | east one carbon to -3 carbon triple bond in the
presence of a Goup 8-11 netal catalyst in a protic sol vent

such that a horonic acid residue is introduced on one or two of the carbon
15 at okk of Atl?ﬂé‘c‘?sé%%@mﬁéo aloip| 14 whereinithe eatplysids a platinung gatalystA
process for preparing an organic boronic acid derivative conprising
reacting an ol efinic compound having a | eaving group at an

allylic subsig.tut AOsroP&s iféd irdehorganic boronic adi BEAPRIVEs 8BSk
presence of a Gougj}B 11 rrel?a? cag{balgyst |0no éc fa)r Otlé sol f/ent 9“5‘8 trgh%nngan

such that the | eavlefigicgrompound haeipg adeavingy gmupat ambitylacsubstimsdn position with22.
A process %or preg%rl ng an,organic boronl C am&éden vative conprisin

reacting a oron g‘b?‘ij‘éllﬁ CPRssBEmal 1*155‘&1’% dgatalyst speh @@bﬁwqweng

substituent wth gdihgn e presence of a Goup 8-11
net al cat al yst an%ll aﬁsgl tpa%;?&l“gglsabommc ac1d egldhg sol vent, such that

t he hal ogen or hal ogen-Ilike substituent |s repl aced by a bor oni ¢

aci d residue; 23. rocess for preparing an organic boronic acid

derivative cbhprié mgcqsw@qor&gg to claim 18 wheg¢in sheolenting grehpaistan earer gr@ipi. ni ¢

organi ¢ conpound having at |east one carbon to 30 carbon doubl e bond
and an active hydrogen containing substituent, or an acetylenic

- 52- 10 ZONPOAoERY Edtraparingasio rg&ﬁc bafdRR i &‘?\F&?ﬂ@ cb RS@“Q’Q@IH nd

an active hydrogen containing subStituent 1n t e pr esen

8-11 netal cat al ydiborogiccicid with an dlefimioioeganic comgpotind davidp et leaisd dﬁer&ﬂb&ﬁ@ on
one or two of the c rb n nB of t.he respective doubl e or triple bond.
5 24. A pr oc%?é bg“r Qfih OF g0 ARCtBIeg K HOMPIBRG Areng &t leastame cattiongo

conprising react '&%(ﬁ{"mple bond in the presence of a Group 8-11 metal catalyst in a protic

solvent, such that a boronic acid residue is introduced on one or two of the carbon

15 atoms of the respective double or triple bond.

21. A process for preparing an organic boronic acid derivative comprising reacting an
olefinic compound having a leaving group at an allylic substitution position with
diboronic acid in the presence of a Group 8-11 metal catalyst in a protic solvent,

20 - such that the leaving group is replaced by a boronic acid residue.

22. A process for preparing an organic boronic acid derivative comprising reacting an
organic compound having a halogen or halogen-like substituent with diboronic acid
in the presence of a Group 8-11 metal catalyst and a suitable base in a protic

25 solvent, such that the halogen or halogen-like substituent is reptaced by a boronic

acid residue.

23. A process for preparing an organic boronic acid derivative comprising reacting
diboronic acid with an olefinic organic compound having at least one carbon to

30 carbon double bond and an active hydrogen containing substituent, or an acetylenic



ol efinic compound having a | eaving group at—amal lylic substitution

position act i (v 1ai ni ng substituent with
di bor oni ca‘ggigg}?pﬁot he presence Imlmﬂﬂ"lﬂﬂﬂlliﬁm‘la oup 8-11 nBEHAUMIRSy st
such that the |eaving group is subgtituted sw tth a boronic 10 acid
resi due. 25. A process according to claim24 wherein the |eaving
group is an ester group. 26. A prb2ess for preparing an organic
boronic acid derivative conprising reacting an 15 or gani ¢ conpound
havi ng a hal ogen or hal ogen-|i ke substituent and an active

hydrogen cont ai ni Bﬁmgbﬁﬁd havitgnit 1east Bnél OO WS Carben €ipld bbhdam! &580i@e holirogen
G oup 8- 1 netal catalyst and a suitable base, such that the
hal ogen or hal ogemontaining substituent in thepres¢nce ofie Group Gokk meidl edtalyst; puch that a
boronic acid residue. . 20 .27. . An_orgapi c boropic id _derivatiy,

prepar ed accor di n§° 95“%1?@8 Sridugls érfqmdr;?gedz]m? gne or fwo of e e on atoms ‘fSl.he A
process for coval ‘f-&hké’i\f‘e%bierlﬁ' tgg&a(;y @. conpounds conprising reacting an
organi ¢ boroni c acl dteri vative a coréli ng to claim27 with an organic
conpound 23 havi ng a hal ogen or hal ogen-Ilike substituent at a
coupling position in the 1[presen(;e . of a Goup.8-11 netal catal yst
and a suit ablé. badeprocess foppreparipg ag AEEagist borppis @gidderiyatite MR NG, reaging 40n g
or gani ¢ conpounds | Sl : . |.ng: . - "

i ol tilfiog hevine & learbE RS s 3viic subggpign gesition and an
hal ogen- i ke substifiviemfdrogen containing sébstiluent ¥ithisfrbilic GieIORRRS!P@dserRE of a
(ii1) an acetylenic conpound, 5 wi th diboronic acid under ]
condi tions suffi ciGenup 8el lf metal emalpstgaunhcthitahe ddayingcgrdup is substituted with a boronic
derivativ reacting the organic boronic acid derivative in

situ wit he]:'Qn or gaffid TEYMOUNd

25. A process according to claim 24 wherein the leaving group is an ester group.

26. A process for preparing an organic boronic acid derivative comprising reacting an
15 organic compound having a halogen or halogen-like substituent and an active
hydrogen containing substituent with diboronic acid in the presence of a Group 8-
11 metal catalyst and a sujtable base, such that the halogen or halogen-like

substituent is substituted with a boronic acid residue.

20 27.  An organic boronic acid derivative prepared according to any one of claims 2 to
24.

28. A process for covalently coupling organic compounds comprising reacting an
organic boronic acid derivative according to claim 25 with an organic compound
25 having a halogen or halogen-like substituent at a coupling position in the presence

of a Group 8-11 metal catalyst and a suitable base.

29. A "one pot” process for covalently coupling organic compounds comprising

reacting:

30
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havi ng a hal ogen or hal ogen-1ike substi at a coupling position in the
presence W 9os12940 Of a G oufd IMHK U hl E@ﬂﬁl yst and a sui ; to
forma direct bond between qm““mltﬂ“" ‘ -oﬁeg}ﬁ?%@ﬁ“

i upling positi a carbon
atom on the organic boronic acid derivative to whi ch the boronic
acid residue is attached. 30. A process according to any one of
claims 2 to 19 wherein the process is conducted 15 in a protic
sol vent . 31. A process according to any one of clains 2 to 19
wherein the organi c conpound has one or nore substituents which

are reactive w t hibr gatfoaxganic|dompebng baiag a halogen gphalogen-hkeabsttuantcor di ng
to any one of cl a<'.m; 18 t f216 V\/nerei@ the G oup 8-11 netal
catalyst is a pal #di ufft QETRICHMRIRRGTal yst . 33. A process

according to any gfe Ofn SdediiBBc 8mbOurdl: Or 23 to 25 wherein the G oup
8-11 nmetal catal yg{yei S a pele}}ati num Ec)at alyst. 25 34. A process according
to any one of clainms 22 or 26 wherein the Goup 8-11 netal

catalyst is a palladi um catal yst. .. 35. A process accordi ng to any
one of clafms 2 t@‘tb@ﬂlﬂmf% aP’é e\'/\ﬂ‘fé}détiqlﬂstsﬁg.‘cf"@g&q QB agporganic bofepic acid

conducted at a te&g}g)’aawre bet ween -20 and 80[err]C

- 54 - 36. pr 8cess according to claim35 wherein the reaction is
conducted at a tenperature bet ween 15 and 40[err] C 37.
A process according to any one of clainms 3 to 10, 22 or 26, wherein the
suitable 5 reagtingethe orgasiceberenicfacuhderivanyelisssisnitls an brgaaicesomfoupd, Na,

K, Rb, Cs, ammonium dt group 2 netals ,_Ca, & Ba, the
B kal| motal phositiaga halggen meBlOeen e B4 B s 2o nastigndn i presence
al koxi des)@nd pheMG‘P'&ga' 810 3hdth TNy hRK b Sitable base to form &laiétUTRRTY

hydr oxi des and fl uori des. 10 38. AEYA prgcesas %c%sgr%i%rénto any onemeo et
clains 2 to 26 whtheebuplifdpepasitipmnind aceanppouatomi an the organic boronic acid derivative to

which the boronic acid residue is attached.

30. A process according to any one of claims 2 to 19 wherein the process is conducted

15 in a protic solvent.

31. A process according to any one of claims 2 to 19 wherein the organic compound

has one or more substituents which are reactive with organometallic compounds.

20 -32. A process according to any one of claims 18 to 26 wherein the Group 8-11 metal

catdlyst is a palladium or platinum catalyst.

33. A process according to any ope of claims 18 to 21, or 23 to 25 wherein the Group
8-11 metal catalyst is a platinum catalyst.
25
34. A process according to any one of claims 22 or 26 wherein the Group 8-11 metal

catalyst is a palladium catalyst.

35. A process according to any one of claims 2 to 34 wherein the reaction is conducted

30 at a temperature between -20 and 80°C.
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chemcally linked to a sol+d—support= A process according to

ot vati v S IR e 5] 'liﬂ’}{ll] ml}\@ﬂﬂﬂlllfoﬁi{ 'Sed pol yRGTANOBBRE] | n

accordance with the process o at m3 An organic boronic acid
derivative of the formula R-
B(OH) 2 where R |s t he residde-of an organi c conmpound having a
substituent reactive with organonetal | i ¢ conpounds. 25 42.

An organic boron acid derivative selected fromthe group consisting of:

4' - Benzoyl [ 134. - biApjretsss aecbriing anictaira@Scwherein the reaction is conducted at a temperature
2- Met hoxy- 5- ( nmet hoxycar bonyl éphenyl boroni ¢ acid,

1- Oxoi ndane- 5- bor befiwgemdp @0 4 4- ( 2- Hydr oxyet hoxy) phenyl bor oni c

aci d,

PCT/ AU98/ 00726 - 55 - _
3- Phenoxypheny| bOA%Fo@es@%b&rdm to any one 8f BaRAP3 o 18! 1D/ biPE RhedEh MY siabled,
3, 3- Di net hyl - 6- oxocycl ohexene- I-boroni ¢ acid,
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boronic acid deri e leaving group Is stitute oronic

acid residue. 10 alkylfnmonivm hydeoxidds andrihoeides.f or preparing an organic
boronic acid ester conprising reacting an organi c conpound with
di boronic acid in the presence of a Goup 8-11

10 38. A process according to any one of claims 2 to 26 wherein the organic compound is

chemically linked to a solid support.

39. A process according to any one of claims 2 to 26 wherein the organic boronic acid

derivative is a polymer.

15
40. A functionalised polymer prepared in accordance with the process of claim 39.
41.  An organic boronic acid derivative of the formula

20 R-B(OH),

where R is the residue of an organic compound having a substituent reactive with

organometallic compounds.
25 42.  An organic boron acid derivative selected from the group consisting of:
1,3-Benzodioxole-5-boronic acid,

1,2,2-Triphenylethyleneboronic acid,
4-Methoxyphenylboronic acid,

30 4-(2-Hydroxyethyl)phenylboronic acid, This Sheet Has Been Replaced
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nmetal catalyst and an appropriate al cohol 15 45. A process according to
clai m 44 wWipsfi9405ai d appropriate al cohol is a diol. PCT/AU98/00726

-55- -
4-(Aminocarbonyl)phenylboronic acid, H!““! “ml “Il‘ ““Sl “ \!ll
Phenylboronic acid,
4'-Benzoyl[1,1'-biphenyl]-4-boronic acid,
2-Methoxy-5-(methoxycarbonyl)phenylboronic acid,
5 1-Oxoindane-5-boronic acid,
4-(2-Hydroxyethoxy)phenylboronic acid,
3-Phenoxyphenylboronic acid,
4-Bromo-3-methylphenylboronic acid,
3,3-Dimethyl-6-0xocyclohexene-1-boronic acid,
10 3-0Oxo-1-phenylbut-1-boronic acid, and
2,6-Dimethoxypyridine-3-boronic acid.

43. A "one pot" process according to claim 29 wherein the olefinic compound has a
leaving group in an allylic position, such that during formation of the organic

15 boronic acid derivative the leaving group is substituted with a boronic acid residue.

44, A "one pot" process for preparing an organic boronic acid ester comprising
reacting an organic compound with diboronic acid in the presence of a Group 8-11
metal catalyst and an appropriate alcohol

20-

45. A process according to claim 44 wherein said appropriate alcohol is a diol.
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