-'e3ept b6PT" """ 07 %ARL1001 PROCESS FOR PREPARI I}Il%‘ngGANI C BORONI C_ACI D
DERI VATI VES USI NG Ul BORONI C ACI D The present invention relates tofaMgpt
for preparing boron derivatives of organic i particular to
boronic acid derivatives of organic corrpoung‘@@mm%gmﬂlm& acid derivatives
of organi c conpounds are of particular inte , y as internediary
nmeans for form ng coval ent carbon-carbon bonds between organi c conpounds,

but as a stargi int for her m.ca ' ati

transformati dﬁé&g? P%R%WN&%%%Q%PR |8£1§r’*8' sFﬁ{:lﬁmvgﬂﬁg%écg@é%%{ai '\"/?"t)y to

ot herw se biologically Inactive 10 conpounds. Wil st these boronic acid
derivatives may be obtained by conventional hydrolysis or hydrogenolysis
procedur es Thepirésent inentior midtes te sitrethasiolep preparang braery derbratieastot orgdhiccondi ti ons
enpl oyed in the preparati Pn of baroni (L‘:il ester cton?ounds are,inconpatibl e
with 15 coffBRAHYSHBRATTIY 2L M RroRic aCif GAIYANS AT AP NS CORROPId: nore there are
practicalg and commercial advantages in reducing the nunber of chem cal

mani pul ati ons enployed In a synthetic procedure and it is therefore
desirabl e tBorasin adichderivativesrad organiciompaends g ohvRagticyiar denest, ngI®@n|% ashas now
sur pri singl, een foun hat di borani.c._aci f .. .the presence
of a Gvroup%[-ellt?n ’E\%f‘gt’]%c@f Eﬁ}@ ‘ﬁvﬁﬁ*‘éﬁ%ﬁb‘g%’%ﬁ? b@'gd%gﬁ%g'?g%&g% mld

condi ti ons chmphury) b8 ab@s@Ring paft dordBrtharahentesl warigdidon} ahdeasiymanons
circunventing the hydrolysis or hydrogenolysis step and allow ng for the
presence ofor deemiterripg of ingreastam hiolagicaLigsivitplo pbarwisgibigjpgicallyHeachyesent

| nventi oy W%éinﬂn%? the use of diboronlc acid in the preparation of organic
boroni ¢ acid derivatives contai ni ng at | east one boronic acid residue. The
I nvention further provides a process for preparing organic boronic acrd
derivatives_conprising reacting an organi c conpound havi a _boron reactive
Site with oVBI Bipeooisnip acid deRvaiEs Bre RepRiangs bbacwauwwﬂ%dwﬁa%

catal yst. pydReenctysfifpré@@éres 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 1n 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 tunctional graups.

[
wh

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

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

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

30 in the presence ol a Group 8-11 metal catalyst.
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.) The use of diboronic acid otters a conveni ent and advant ageous neans of

i ntroducing a boronic acid residue into an organic conpound OYeT R
conventional reagents. Its stability towards water and oxygen undm3 QW ent
conditions provides for ease of use when 5 conpared with other reactive and
sensitive reagents used to nake boronic acids via the esters, which require
a strictly controlled environnent. In the preparation of organic boronic
acids, the use of diboronic acid affords a nunber of advantages over that
of diboronic acid esters. Firstly, diboronic acid itself is readily 1 U
prepared fr@he hetsralisbromt byt affersa) dinbanienn aseaivathgeoud Means @€ thifoduciag a

hydrol ysis or hydrogenolysis step.is circunvented as the boronic acid is
the pri mar ybereaistar@residustinto anmMean Compapnd OVr ¢PRnEonal, Epaganssj is gability

hydr ogenol ysi t i 0] i i e reaction
m xture is g‘“?arrﬁfs n"g%leerd;.[n Ia%&%“lﬁ‘?%ﬁ%}%aéné??@Q@W&%ﬁ@%&gﬁ%{ kr(b\t/{gé]ti k and E.
F. Apple 3 ésthparéh@ith ofbac readidefand éerfsdivbrea®nBusdo té5ihake borofic GO aa-the
[(BO~]" + 2nH, 0 It has now peen found that the dehydrated form of

di bor oni ¢ a8SIS-cHPich regyirg @ sticty coyroisd sREIRMENYor oni ¢ aci d derivatives. The
boron to boron bond of the dehydrated formis stable in refluxing nmethanol,

et hanol , |sopropyl alcohol or t-butyl alcohol and is not cleaved by cold
wat er. The Hethy greputiof of ongasic botonk! weids ntheresechatbborartic rod nifordsp emaber ¢,

di ssolves rapidly in ethanol|. or .i sogropanql. on warm.ng,. ,and.in t-butyl
2l cohol at | Ebaade qver MR gy BG eSBR0 ST SRS feid B3 et chem
Soc. 1961 08gref:fre@ronrieffdHRRY 1186 dibord1€SdeBAdN . 't RQHIBY £htbidsisbpf ers to

d
(HO ~B-B(OH) ~ or its dehydration product; and the term "boronic acrd
resi due" rehyirggenolysissiegrioeipunBemed as thg borphis acidrisrihe poimpen resctissrpyadust aci d

derivative"efers to.an organjc. co und havi .0 r R,2002 - .
bor ontc. aci GHTAE: By e S0B R F TR B oA R s foBplio BV GIORe ke 1 o
site" as uspfdias g e rebessmbx@uraiyelimphitel atom wi thui a nol ecul e capabl e of
reacting with diboronic acid in the presence of a Goup S-1 i netal
catalyst to ~ provide a boronic acid residue on that carbon atom Exanples
of boron eagti~~e i . V] I n-1ike
subst1 t udst DORE a8 G b feniiiiet R R ANE RGNS AR, CAGE, ¥, 0isCEe
tripl e bonde400andsg80 btss)at ons m an allelic postt~o~~ having a subsutuent
| eavi ng group. 10 It has been found, in particular. that when an organic
conpound havi ng a hal ogen or haPd§sh. 11 k(%oédubé“ﬂ%@nt is reacted with
di boronic acid in the presence of a G oup 8-11 netal catalyst and a
sui t abl e base) the hal ogen or hal ogen-Ilike substituent on the orgal ur

It has now been found that the dehydrated form of diboronic acid can also be used 10

20 prepare boronic acid derivatives. The boron to boron bond of the dehydrated form is
stable in refluxing methanol, ethanol, 1sopropyl alcohol or t-butyl alcohol and 1s not
cleaved by cold water. The dehydrated form 1s soluble in methanol at room temperature,
dissolves rapidly in ethanol or 1sopropano! on warming, and in t-buty! alcohol at 82°C.

(A.L. McClosky, R.J. Brotherton & J.L. Boone, J Am Chem. Soc. 1961 83 4750)

o
N

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

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

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



conmpound can be replaced by a boronic acid residue. 15 Accordingly) in one
enbodi ment of the invention, there is provided a process for zaﬁ E%
organi ¢ boronic acid derivatives which conprises reacting an oﬂg 4 002
conmpound having a hal ogen or hal ogen- I1ke substituent at a substitution
position w th diboronic acid in the presence of a Goup 8-1 1 netal

catal yst and a sui tabl e base such that the hal ogen or hal ogen-1i ke

subst it uent substituted with a boronic acid residue. 20 As used herein,
the term"’ oWﬁ%WF@“ dﬁﬁgﬁﬁﬂaﬁaW¥H@°5pﬂ%T%ben or hal ogen-1ike subsutuent at a
substitution position" refers to any organi c conpound having a carbon to
hal ogen or carbon to hal ogen-1i ke subsntuent bond at a position at which
substitutioﬂmbwnnabﬁonmﬂknvmmkdasmmﬁﬂuehi&ﬂmemnm@dadﬁhamorgamh@rmﬁﬂwbund

may he aliphatic, oiefinic. acetyleni~. 25 aronafi | yneric, endrlnc

cyclic or afapaRieRbreshneowit wgpfé’a cHE RERRESAFRO Al Gﬁggfﬁéwe'

addi t i Ona}» FYoL RE QoRITR: R4E h:saa &t h]fdu&arb&waﬁn ExBinp&0§fFbroR Fgaawaqn@us

boron silicon, arsenic, selernum at~d tellurium The ternms "aromatic" and
"aromatic cmqlpdumib@) droms husegihdiegeaion halegearllke@uastyuemsrrpmmdm@@b whingh
|ncludes or con5| ne,Qr  nor.e tlc [ uc rings may

be b garto o carBE oy T i o B, i Fas ot o TRy B g o o

pol ycycl tc Havivg asg(,%g@ﬁa}t ldav@ppi®p. -1 suitable rings include but are not
limted to benzene, biphenyl, terphenyl, quaterphenyl) naphthal ene.

t et radyr onapht hal ene, I-benzylnaphthalene) anthracene) dthydroanthracene.

< phny! 0ot st 2SO AL RSP e AR BRI ong R b By &

napht hot hi orml@ramhké bmntubmemawww diy 6RO _id iSO rbmfcubanrbrakprsmrene
xant hene) phenoxat htr yrrol e) rm dazol e) pyrazi ne, pyrimdine,

r
pyri dazt ne) MEtAbetayst Pif’fh@)F‘P'E‘Pﬁé’aSq st helersn Orﬁu%@wehktqmbﬁﬁuqnﬁen theswgicnol i ne)
pht hal azi ne,, t ne, ptertdi ne, carbazole,

car bol i ne, pHgHantﬁ&lgfﬁ%H gﬁéﬂkh&ﬂc gﬁ&%ﬁL%ollne phenazi ne, i sothiazol e,

i sooxazole. 10 phenoxa2|ne and t he I|ke each of ~hich mad- be optionally

substltué g rr terns natrc and ' a mat.i c corrEound i ncl ude

nol ecul e Vo'ﬁ‘(ﬂnéém megk&,fﬁh%k!“'ﬁmop FIE1S EB‘&S’F APF %?HH’ dendri ners
whi ch i nci ;‘;g"é‘pé?fng%? iSborBiic 9018 d@ﬁva’i‘i%sewlﬁﬂl?[@\t}ﬂrfsesr leldi -Elﬂ%r aﬁﬁrﬂo mpound

pseudoar o ers to a ring system wh as not Srricily aronmatic,
but which |lmvstgab|hhiogﬁdofd3alogeahke m.fbsntei:mtaah suatituoon pdsitfonedidcdibansic acd

behaves tn a simlar nn tic rings anpl es of

peutioar onefi‘e Peree phe BEtHD Ut RaPLORRLS ik PORbl Ger i e et or
pyrrol e andhAifenliixk BubsfitRnd i§58Bsutedivitd £osoRPBaMadesidigd "ol ef ini c organic
conpound" as used herein ret'ers to any organi ¢ conpound having at | east
one carbéhR to carbon doubl e bond which 1s 110t part 20 of an aromatic or

opt i onal 1y S8 bet e Edbe A, BieEhlbn S RIAMARS ARkl AR bl O

mol ecul es, aMbRItSicHsbsitBAT FetErh &puiyaﬁgmmémgﬁuﬂ@hw&aam g eaREeN® S,
whi ch include at |east one carbon to carbon ubl e bond. Exanpl es of
sui tabl e ol €PHi @ *@lﬂ%ﬁ%ﬂh‘ﬂ%’bﬁﬁ*ﬂé‘l’fﬁ&@“%ﬂta ROSWIOR 3t WhichisuhsHiugien B APPOAE,

propyl ene) ok 276N n pentene
1- met hyf pen?’%reﬁgg ‘le ene. & m{?@ lg‘?]oélﬁ@ a%f?ﬁ gq elwéugc&?:ﬁuﬁﬁezﬁg&ﬁ%& -1
ene) kept252amemaic, Iqmrluma*medendrmci :.)a.henean)umirrrbmaeme;hemy)cl Ebctc&mm,uncmam 1 ene)
non- ~-ene. decl-ene, -en bet a- 1. 3-di ene enta 1.4-di e

cycl opent a- T "H?%WE‘SCl‘?@i‘“ﬁ“aﬁﬁﬁf"@ﬁ'@msé ¢l BHe ‘ar & Xﬁeﬂl wifregen. F’hosf’h"mus
cycl ohexa- lpgrofll §hcn, GMemON@RAAIML akd iIBAEm cyclohepta 1,3.5-trtene and
cycioocta-1.3,5,7-tetraene, each of which may be optionally substituted.
Preferabl e 30 the straight chain, branched or cyclic al ken~ contains
between 1 a'f‘ge tzegm(s: agr%%rz]m@'t anqs'arorr'lqatiz comﬁﬁ)uzrﬁ&% as used herein refer to any compound

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



5 The ol etinic conpounds nay be u, ~i -unsaturated carbonyl ﬁ[?)m
conj ugat ed di enes. Ther term "conjugated di enes" as used here 2602t z o
any conpound capable of acting as a diene in a ~iels-Alder reaction. The

ol efinic conpound may al so be an orgagi.c conpound having a | eaving group in
an allylic position. 5 The term "acetyl enic conpound" as used herein refers
to any conpound having at | east one carbon to carbon triple bond. The
acetyl ent So el L Liopal u rai ght
chai i br a AR o RerIRL I 1RE HE ok R OF bR Yng Wb, L

macr orml ecuhiesblestings :aﬂuqtmﬂnymrmtanntedieﬂﬂntmr siphanipl, eérphenyl, upletegthehydast one

carbon 10 to carbon trip bond. Exanp Bf sui tabl e acetyl enﬁ conpounds
i ncl ude) b@tﬂpfa?%e%femaﬂwpﬂwtwnadé{eg%rﬁ@h‘ MR PRETACHG d%y FRaNNEGENC_ yne,
pent - 1-yne, e ,
Rep- - yo., PpRaREAREHE hdEkuladhE pnlh S pedfeke SRR, @‘f’%@“ﬁiﬂ}ﬁé,

oct - 3- yne§ 3gsHenylpyridipe,aliopienet henigothiogheyia ejaplitbetiiiophent. f&;dﬁfrtreneommme

2, 4-di hexyne, each of which may be opti onaIIy %gbstltut ed. Preferably the
strai ght CRAIHHS: 1508eEPRIFRePerey LNENG RUGREACY AL RATHES BBV RYTAR 20

car bon at o ;iHend ShifineS BPSdaz b ih@le ARGIikin® NisoiAdold! SRiFinb S BAMN L €F er' s o a
position o ::aar% or alﬁlhc n((::o oun E] a]t V\)cm ch lSlﬂlbslts?lt uti (?r? \?\A t{l] a 1t?oroni c acid
residue is 1$¢qs|npb1¢l: pEalalazmc gfaxmoc;alcmnmonmdlumyqumam predoe. cmba,olcpref erably

betvveenlang P% stlt t|on 0Si tjons narorrﬁ ﬁ nqg dit is
retorred Chpie, Snetnridinge Reshl e LhARTolite. Gre B, SURarsls SIRd g v t 1
an oletlp %h&mh@%d the liRe, Fbraé}f &TWwIsch ltnB‘\aBe 651%n§ll5b§15kthﬁkw O'Thé’i)c?inll onis at a

vinylic position. if the organic conpoun is a polyner or a dendrimer it
may have maapmELibSid arépricporipound(s’. inelBdé¢ motehiles. s*pdamatnoowﬁduohs mpm n‘onal | y

substituted", neans t at a Y, be .su st tuted wt

more gr oup®OWBIEE £8RF Wl'f)r%agﬁi aﬁ}ﬁj‘"‘é?@k‘g‘ﬁw inc HH‘H} pnsistgy )ﬂne 055106‘: arﬂg’laB%ll kyI
hal oal kenylringhalragtetynypksudbab@aicy IrefeR%el @y )sy drk WRYh 12 héesdiXdromards, Y| oxy,
benzyl oxy, hal oal koxy, hal oal kenyl oxy, hal oaryl oxy) isocyano, cyano)
formyl, cabdbYyich mstatilized bytmesay ffdelocaizanernefice plpstronsiand behakespia)similroar y! |

o ot Y SR AR a3 AL ooy LA BB b SPART |

al kyl i m ne,to &lrkeniriophsneepyradlk ytythe-ttkero, aryl i m no, benzyl i o)
di benryl am no, acyl, al kenylacyl, al kynylacyl, aryiacyl, acylamno)
di acyl ant no, acyl oxy, al kyI sul phonyl oxy, aryl sul phenyl oxy, heterocyclyl,

het er ocycl terfet V& . cl |

aryl sul phe?ﬁ,tercar(ﬁémﬁ? @muggr oar y%gﬁ%@r cé%ltp}]yl?d X% l%% Ii)1E'%nglljeff)eersn[r(yi t hi o,
acyl thi o, sw}phmnamocdppusihdvangyl jeas wnt mrhmdrophﬂxaphlouhlsbcmhtvmenllmtg»nmups

In one %gr??t of this |nv§nt| on, the or ani c_conpound nust i nclude. at |east

one hal o 8P AFPERANG O PRSUAR 26MKYE SYStRIh % olgfiny, GArppQUAES BIRY Bo &5 ¢teshiters
enabl e r ea%héﬂhllv‘shﬁsnm&i S0k ORE tridcRG ¢ cydiRCalkeRbTBind RRNQURE: hbidiners
substituent” and "pseudo-halide" refer to any substituent which, if present
on an orgaring n@@rmumlesm asepadymets aid diindomersi whinbiinklude af Itﬂastmm%trboe of a

pal | adi um nd i S bor onj ¢ c erivative.

Preferred ﬁg%%éﬁlhg P‘i"} e%a%p% FE}H%MF)%%" H‘Pé‘j‘“dsﬂ e%é'gf‘fev'?u[ty of

chl oro subginitedtie@ttteasBdropyledel BE- Fé’ffépﬁmfﬂjéne(?@éhtheerien measgd, by selection

of appropri ate |i gands on the palladium 15 cat al npl es of
%@s%ew aycl

hal ogen- B3 Kaclepguene; hanptlayipanel i hekiltanas kes-Zaene. ofgxgavriedint sal t s,
phosphat es d e | | S I s .
(I'nnovati on@gl?\épgrazeg‘%ﬁg& ?/r?t gostt QGE@ Oj?Q?HJ“ Pﬂﬂ@%‘?ﬁ% (‘/9%\ g?ihtg gr?stf"clS%S,

| SBN 0- 471- B&b3ded p-endisbutis £4- dmmeepam;a-t hehdnermddpexay-ﬂ nigdigne hpx-1refiens to a
chem cal group which is caprogle of 20 bei ng displ aced by a boron~c acid
esi due. SUVERBPE-] SR gCIG BT éﬂ&“&p‘ﬁépgm[a‘tlé‘i‘ﬁéfséV‘é‘RﬁePPeH Spnirede art
and i ncl ude,ial,@gesta angs, b%@&ﬁ@ “dabHKGT FhPS b U@Bf)tﬁmal’?fsdﬂ? @S e, 97 OUDS.
The process according to the present Invention 1s especially surtable for

t he prepaf athe smarglit cABinobgactied ob oyubniatkeac¢osheadiesrheawpes 4 arvthzﬁ feaxbon tennts
substituents which are reactive with organonetal | ic conmpaunds, such as
Gignard reagents or alkyl lithiunms, therefore unsuitable for reacting
using standard Gignard net hodol ogy unl ess these substttuents are first
protected. One such class of reactive substituents are the active hydrogen
cont ai ni ng substituents The term "active hydrogen contai ning substituent”
as used herein reters to a 30 substituent which contains a reactive

hydr ogen atom Exanpl es of such substttuents ~-~ ~M-f~ -2002



.. _,_rnclude but are not linited to hydr oxy. anrno, inrno acetyleno
carboxy (i ncludi ng carboxyl ato), carbanoyl, carboxrm dyl, sﬂlfdﬁR&ﬂMﬂlnyl
sul finimdyl, sulfinohydroxim-t. sulfoninidyl, sultondrinldyl
sulfonohydroxrnyl, sul tanyl, phosphi ngl., phosphin rnrdyl. phosphonyl,

di hydr oxyphosphanyl, hydroxyphosphanyl, phosphono (including 5
phasphonat o), hydrohydroxyphosphoryl. all ophanyl, guani di no, hydantoyl.

urei do, an thess & %dr‘d@ﬁrbbﬁl'ﬁ L Cul YaS4r prising
that the rgégtlokﬁggwn%gmggﬁﬁucteg m;f% ﬁ EiroxfL Qaggyﬁgygﬁggfwfﬂents rn
vi ew of t helignehi Gherrtemct donjugated dhndsbmyhsedshuteimreﬁmdtam cbimpeur(d capablaci di c)
substituents nma uire addrtional bas rcarti~~e subst~tuents

i ncl ude t nifEYMRASHA ¢ fgﬂe in APIElT-AARE redsyon SE? %Hmﬁ"BWEO”"fiHant%We"ﬁ’l kyl ", used
ei ther alo RAE AREWR: Se6H s aiphikshhigkyal | . - ~~1"

"al kyl t hi O%?gaﬂfclcl?ﬂ}pgfr?nﬁﬂgo and "dia kylh:atm naa ldgnotl es straight chai n,
branched %or cycllc aIkyI preferably C1_20 al kyl or cycloalkyl Exanples of
straight chain an L ude thyl , ethyl |saprapyl
but ol o sorbegir 2eey BEy PR as bR aEHn FE 1y Somipind HaSBY ah s
1, 2- di net hy)hpmsaﬂ 10 éarﬂonclhﬁetbmrd mn@wély,lenn%yﬁpounds B §eYse RERE Yiom
1- met hyl pent5~I, 2-nethyl penryl) 3-nethyl pentyl, 1,1-di nethyl buryl,

2. 2di met hylopuenpally s@sBrgidnmsatept mtlylb)ansthe@ cmlcm@tcra}kwm grid)mole@Uesi rmnb:yerbut yl,

1,2,2,t t hyl th nethoxyhex
T et hyl hedgh TBroBfRcsiieh gichiaf pOEE S HRTdcRRrs, s Fetuge s T SRt 1
1, 2- di metdhyd paB&Y iriplelbohd2 ExdinpRb BY Sunabit bt 1éne4mmpvzfeﬁdayhdmnbw ake not

1,2,3,-trinmethyl butyt, 1,1, 2-tnmethy Ibutz | (3 trinethyl buryl, octyi,
6- met hyl hepimjted tqamlwl. REOPYRA, butil-ynes bgr-2-ane, am*rhyn%wpyﬁ YRfo Bgx-1- “yoe, 2-)

g; 3g;bpyl hexylywdkz r?%“by cy&@{e}ﬂ"? %e}) %'MS t%pléz Z);neﬂl §%eh§§{]§@ﬁp}r/¥ %yl i -

2-, 3-, - 1oc,t-1~varoc62-tyhy|dewhe okt-4- yﬂe)cy&ooc&pné}nﬁﬁ}ﬁﬂyhdw@é i3 wml.emel 1:
2-, 3-. 4- 7-. 8- or 9 25 net Idec ~, G or
7-ethyl non§44 dlbexynzueaub of wliwhéﬁawsﬁpawﬁtséw lmteﬁ Prefeabiwmsa&rwmbmw

1- pentyl ) 9- or

10met hyl ﬁ ecy é?lotgec‘fré(lic al e cgﬁt)nﬁbetwéeé‘) 1 §n7d 2@(.3!‘%(]1 %t?_lrﬁi decyi, 1-. 2-, 3-.
-1-. 5- or Gpropylnonyl) 1-) 2-, 3- or 4- butyl octyl, 1-2-penryl hepryl and
the Irke. of c:ycl~¢ IkyI clud nono- or pol clic alkyl
groups sucﬁxaggﬁyéwﬁﬁﬁnﬁ IW“E%I"&H&?‘{/}F}"“%EF &1 (9 BpRsEg on ME%‘exyl

cycl ahepryleomg¥doR Shidn subeliRA N a beieal.Of RCxkiaRNd dEshl%dt iB4€h orglnié MAR 2002
The term "ai koxy" denotes straight chaln or branched al koxy, ﬁeferably
d --, 0 af kermpoubdanpl kaye ofie at kowy piefrrablyl betweernbryd 6 auhsmysonrpognorpmxly,

~ d diff b ' d
o2 oEr P B B R R of e MBS e s

et hyl eni calahy withn@-olefthic coipopfd i i3 preftrdd &iabehealibayitution p6sigdoidlaky vinglioups as
previously defined, preferably C2 20 al kenyl. Exanples of alkenyi "include

vim-l, al | positienedfe orgapic cOBPRUBHYS 2 POIYBELRR 2spHrimer Wnay havemamt eny | |
1- pent enyl I | met hyl - cyclopentenyl | - hexenyf, 3- hexenyl,
cyclohexean&%ﬁh%gg@éﬁag' 3-heptenyl. 1 10 octenyl, cycl ooct enyl ,
1- nonenyl) 2-nonenyl, 3-nonenyl. 1- decenyl 3-decem~| . 1, 3but adi enyt.
| -4, pentadlen I, 1,3- cIo ent adi enyl , 1, 3- hexadi enyl, 1, 4-hexadienyl. 1.
~cyc| ohex%lclnélﬁwpecuhcauwa@ emékéwé@fl dy' means (hatq BAWHIMAWPERAGY ot be
aI kgmc/?/cl %Bﬁ%{[@ésdq@%hng&dlgé rr'reggra'}p }ggnxgéofg%%p%%al nyll alkgﬁyl 12’?’ cyclic
al kyne i nclh;lmahgl dialo;lkeaﬂdhajg:ﬂlt)mal kgloanyt, dupmwsal@*avnakkwaﬂqx\defmmd V\/m ch
contain a triple refer C2- nyI Exa | es_ of
el ude ot HERBISky> RaSaKEES o Ao e X ety Frengoformal &M acy
ei ther al 0rlﬁtr@rmtrﬂalléﬂ”ﬁ%ﬂmewrﬁﬁoaﬁkﬁm %&roa?sﬂ)’hx%b{eterou%ﬁbfl Arhing. -
“acyl am no" or "diacyl am no" "denotes carbarnoyl, ali i phat’ic acyl group and

aryl grodp akanaingi diglkatamanc skendaminagaligtiviaming andireme edfaryéanaigo.ar onat i ¢
acyl) or a heterocyclic ring which ~s referred to as heterocyclic acyt,
preferably C1_20 aryl. Exanples of aryl iclude carbanoyl; straight chain or
branched al kanoyl such as fornyl, acetyl) propanoyl, 25 butanoyl,
?-met hyl propanoyl ) pentanoyl) 2.2-dinethyl propanoyl, hexano~~l. tteptano~~i
oct anoyl, nonanoyl, decanoyl, undecanoyi, dodecanoyl, tridecanoyl,
tetradecanoyl . pentadecanoyl. hexadecanoyl, heptadecanoyf, octadecanoyf,
nonadecanoyi and irosanoy 1. al koxycarbonyl such as net hoxycarbonyl)

et hoxycar bonyl ) t-butoxycarbonyl, tpentyl oxycarbonyl and heptyl oxycarbonyl ;
cycl oal kyl carbonyl such as 30 cyrl opropyl carbonyl, cycl obutvl carbonyl,

cycl opentyl carbonyl and cycl ohex~ | ~arbom |



0 7 MAR 2002 al kyl sul fonyl such as nethyl sultonyl and ethyl sul fonyl;

al koxysul fonyl such as net hoxysul fonyl and et hoxysul fonyl ; izoél S ﬁf as
benzoyl, toluoyl and naphthayl; aral kanoyf such as phenyi al%én Miﬂ g.
phenyl acetyl, phenyl propanoyl, phenyl putanoyl. phenylisobutylyl,
phenyl pent anoyl and phenyl hexanoyl ) and napht hyl al kanoyl (e.g. 5
napht hyl acetyl, napht hyl propanoy! and napht hyl but anoyl J; arall; enoyl such

henyl al k . (e.q. 1yl | | b | .
Dhehy! met nAERy 0. Tifion REEH B O RSP R B IIR A HEMPH! al Kenoy)
(e. g, napQifayhRraRENRY, ’alkﬁﬁ)ﬁﬁl‘yhl}’dll@ﬁ&ﬁ@ﬂﬁhwﬁ{ﬂﬂ, a@nm]@w macienay! z)cinOXfI,) _

ar al koxvcarbonyl such as phenyl al koxycarbom-l  (e."g. benryl oxycarbony

aryl oxycar latkyishipborvio xas ayseipbanydaryb betgrocold, h@emeysiany| byroavchasmpe .

aryl oxyal kanoyl such as phenoxyace ari.d phertoxypropionyl : aryl car banoyi
such as phg%ﬁ%‘é{%"& y?sn,’:ﬁﬂﬁé}\e{’%t 6‘@’;%[95%1 ¢ ?P@h‘oé%‘ ‘%ﬁbéﬁwq?%i 'B%Fé?%%frmyl .
aryl gl yoxyhylinig U%ﬁ%i&%?muﬂlsﬁ%ﬁﬁfﬁm&o adufkamia il 6 ah@ biespMdraY-Lontaining

aryl sui fonyl ~such as” phenylsult' onyl and napt hyl sul f onyl ;

het er ocycl gowps.bonyl ; heterocyclical kanoyl such as thienylacetyl,

t hi enyl propanoyl ) thienyl butanoyl, thienyl pentanoyl, thienylhexanoyl, 1 S
t hi azol yl acetyl) thiadi azol yl acetyl and tetrazol yl acetyl;

het er ocycl i ahkapay bt Hchivasionahe beae cbmpogaanay includetaeleas vat halbginesioy! ,

het erocyci i cpent enoyl and heterocyclichexenoyl; and heterocyclicgl yoxyi oyl
such as’ t hhalpgsnglilerspbstipentat agBstiwiioamppigPy ex§rably reagtior withitle grgoronic

"het erocyclj.¢" . heter. clyl"” "het.eraQ g Ry i, eir own
or as pggkalﬁkqgea?%ﬁpgéé§ﬁxégSa%@?@ﬂb@@él %@#&gﬂ§§!§§Q%@§@§8@$@ngc" or
" hal ohet er @yl il presef o antorgamicdORipoand , pRBUGA:t &idndbdronia Acid v theasresendei C
rings or ring SﬁftenE whi ch contain one or nore heteroatons selected fromN
) S, U andobaaptadipm esialyshgndobase i giye an prgasigiberqniy ackhdesivatie: abelertee ri ngs
or ring sy t.o. C t A e .ens nmay
be sel act o PRE iR R Rl 185 90T CF PR relibify QoS sifmilyelreniRkDTe,
"aromati c ciagpoupalindd ¢anThedndreased brssiéctions! apeabrizer igandoon ihe paldadiuror as part
of a groyp such "hal o | " and "aryl oxycarponyl"” refers to aromatic a~td
pseudo- arofiaialye ?ESW?CBP?{‘%E}“'?V&SB Y"EB%'E@%@ ‘@éatﬁsf andpesylatest &ﬂ%",“'”m
pref er abl y Jhat atesAR ok GAERRR iAPAMRIu ReadehRIE (QfalystsTehrdVRiREHm 0 7
MAR 2002 -S¥o'ﬁ§§ahesggtionaﬁ%y suﬁstitugz aﬁ% may bg)ggpected fromthose
descri bed &bganic Symisds@mtby dnTsup, Idten Waley & $arsn1 V6, 1SN O] A58 Pounds) . |t
has al so been found that in the presence of a G oup 8-11 netal catalyst,
di boronic acrd 5 may add across a carbon to carbon double or triple bond of
a~~ ol ef i niAg RE RGEHYIG Mk "GRG YRships Y& d BatcndmRaAr §6iE witeh s Epabidue i s
I ntroduced on each of the carbon atons of the respective double or triple
bond, suwh beinadispleedipubbaooacd esidwe Sudtallp kngyiag lgemus arecRpparent eitptse bond
becones a ngd. . [ f O : ' | e bonds
t he boroni gﬂgg‘# g‘ @ggﬁﬁﬂ%@@%h@g&ﬁn@p c?é@gggr%é;&t% ﬁ’et eﬁ‘l@éﬁti glwcgg? g%ﬁbat ons
part~c~patigroupd0 in the conjugation resulting mloss of conjugation. In the
case of an a, p-unsaturated carbonyl conpound, a single boronic acrd residue
is introduced on the ~3-carbon ad the a,~i-unsaturation is |lost. The term
"distal" a . el | .atd : . - ' '
con; ugat i on "8 e e Eirtink 8 pRspInleRi G [ ol UR AR o HeRbisRlably
chai n of 2% argmmit Wirenis adtd derevaangs! veuch bentan sitalituems bhitharorectve wifk3- but adi ene
are carbon atons | and 4. The expression "l oss of canuggtionﬁ as used
HOIEER;

herein ref Sraanpeai “EB‘HW%i Wb 8t CHERASd pra8E B AgRlky! ‘ﬁ&’&f‘%‘a system
into a singg,RBRdor ERitfhe TRYe SRR Gﬁgﬁ%ﬂh&ﬁ(ﬁjolo‘?ﬁ%nﬁgs 85 AL L0 OF

partial Loss of conjugation. In sone cases there hay be sone rearrangenent
fol | owi ng IfstsprotectednPngatchetass of reactive substituents are the active hydrogen contatning
substituents The term "active hydrogen containing substituent” as used herein reters to a

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



Accordi ngly, in another enbodi ment of the tnventton) there is provided a
process for preparing organic boronic acid derivati ves Mrl ses
reacting an ol etin~c organic 25 conpound havi ng at Ieast one carbon to
carbon doubl e bond or an acetyl enic conpound having at | east one carbon to
carbon triple bond, with diboronic acidin the presence of a Group 8-11
net al cat al yst such that a boronic acrd residue is introduced on one or two
at the carbon atons of the respective double or triple bond 30 The term
"Group 8-1 ihclodt Bt accanallipstet @bydrerd memceiimumefl@t\dcnooLabwﬁmyshn&:orrpri sing

a 07?7 MAR 2el2 netal f the p od| ta senb d in
Chemi cal arfPorylag n@él?agmﬂgar%o%gmgyj §”l lgj“' mﬂi‘%’é '%% * Group
8-11 netal sfa%ﬁhwlSsmﬁdsmﬂeypls@mﬁaymraﬁh@l sl plapmhAX %amhhgous to
t he pal | adi um conpl exes described in detail below, or conplexes readily

reduceabl e nmsntheylPﬂ(l@rosymoepf@nYiehy@&&mpbwbanvhqimaﬁlom oncludapal t, ni ckel ,

copper. ruthen;um rho ver, osmu iri pIa i num
gol d and g 1‘3%’&90@0)0(9&%05%3 yd)|h0§ 8@'@ "r@f’%ﬂnéf{ gporuding g%yg )‘éoure égé}es with
readi |y accgsqbhl eof @weabdmients it isPhalcBRrigs&pRAN] ta h@rrwu&mmw e.
Preferred catalysts are those that readily under oxidati~~e 10 addition and

reductive edondotest wishhydopey aridi aniinel substituerss alr\tlerQUIhlerf@U‘ﬁWVHb &larbexyle ~
select a SUI abI tal on. .t hi ba5|s
cat al yst i ™ ‘ﬁhéall‘ﬁr@/ a%"!ac{]%} {xbﬁ%{uep}g Here%ll”%a‘ﬁd za%%ﬁ %‘?’éx@arrpl es of

sui tabl e padubﬁmdﬂmlﬁ@hdﬂ iy Sieshyllangl ude but are not limted to PdCl:. 15

Pd(OAc)" PdCl ~(dppt)CH-CL,) Pd(PPh_,)4 and rel ated catal ysts which are
conmpl exed%of phosphi ne |igands, (such as (Ph~P(CH-}"PPh,) where nis 2 to

b, TOVPE SeriE flions EAERE MY hand SGE HER Qo tgﬁé&" NoSi Aghieee:

rel ated |i gatldsylosyatityl'as atkyitsio Y.l ‘anqlahﬁno tmmdaﬂmll@mﬂlmj'rdenott:s stenfighl biusmrut h)
phosphate | nd (such s P( OEt t ol P(Oo 20 toly

| ~
P(0-iPr),) ¥ ﬂ"e‘rY"EEJP &bméefwgéfmd%] efﬂmrﬁéﬂ%ﬂhée Ed‘éﬁ?‘&? Al ﬂ@'aﬁ?‘ {a‘r‘?dl‘i or

t f I
oyt i ne._afbyTorkig: AR bRl OO, HIRPR] ARrongP 4R Rl FERTRLY

substi tutlédteﬂ)bu@'l dmyly soaiyyl, suudmtylll,l k{-dgeabylpmpyl, drl- dhmemyaplgopyinhq:myt- and

ot her sinple | 1 adi It fher nce r cgand
The par | aqi BrQEPRYy SrRS RS Rt SRR G o ERae 235
supported Ofimk@ye y‘?d3 Qllhrﬁélh lﬁu@lllqulaﬁrﬁ-lhy?dﬁ%h ﬁ% d%kth?i@hr?}fnlmzcar bon as
wel | a5 pal | adi um bl ack, adi um clusters,” palladi um clusters cont ai ni ng

ot her net al simegydpropy!| h,dtlummqmy@prpmlsh@lt)dsé “meeghodpleayl, Bedethylhekyl,12.2- A

S i e RS G

t he procassmmEhglmadyl aAg4-dithetiafl Pest, 1THY.-&inkehyitsurpiel C1-ndiiydtnd0 111dse
described in U S Patent a686,608. in certain reactions there are advant ages
‘n 0 7 MARmEtsouRd; Agyi iogasEhenryln L-methueatybabi S iprranethyputst @eRVibul k|
Preferred cat al yst r |1 dy phat4d n S 5d ri bed
above. V\herg ?h?rgagt ?%?7&@%?’5’)?@@& olrzgajm%:lrgcro%an%gyun%hﬂa\el nggl?hal ogen or
hal ogen- | i kpropyibstyil tdeeyit 15 2pa3| adlimf)cat arhcya;mtrgtmnelspedraj l y pr ef &1 red.

especi al |y BRBPUY-da Tt Theii-AIB5MEREh oPOiiHG Tt SuHers s Gr i & compound.
posi 1 on o 4 Bor ot A orRl-75 ?""é" E?é%éﬁ’?@‘ﬁ‘? o
8-1 1 net al ocibualyibeptyl,tlhgenhydkaxy hglodecylid - cn3bd-r epbaded-b§- & 10-

methylundecyl, 1-, 2-, 3-, 4-. 3-, 6-, 7- or 8-cthyldecyl, 1-, 2-, 3-, 4-. 5- or 6-

propylnonyl, 1-, 2-, 3- or 4-butyloctyl, 1-2-pentylheptyl and the hike. Examples ot ¢cyche

alky! include mono- or polycyclic alkyl groups such as cyclopropyl, cyclobutyl,

30 cyclopentyl, cyclohexyl, cycloheptyl, cvclooctyl. cyclononyl, cyclodecyl and the like



boronic acid residue. Preferably the |eaving group is an est g P.
Accordingly, in yet another enbodinent, there is provided a fﬁ%e&ﬁﬁ 2082
preparing organi c boronic acid derivatives which conprises reacting an

ol efinic compound having a | eaving 15 group at an allylic substitution
position with diboronic acid in the présence of a Goup $ 11 netal catal yst
such that the leaving group is replaced with a boronic acid residue. This
reaction may be performed in the presence of ui tabl e base. 20 The
process may!BelCHBr ﬁUSPHengpei’We%lﬂV“a"éﬁict‘i%Pbb@B‘ft\‘iaﬂ 0%y @HFVBEt(ehﬂ&t“bP’é‘"

Exanpl es of { i 06l ' f vl i | &1 oxylic
aci ds and I%W%f@p%@?ﬁndslg%on g‘%’@%ﬂﬁ%?, pr%b: gﬁ%ﬁﬁy: ;g}hﬁ@édﬁggg?gons)

ni t r omet haneytoackbmedst ril e) benzonitrile. ethers, polyethers, cyclic
ethers) lower aromatic ethers, |ower alcohols, and their esters with the

| ower aliphatic carboxylic acids, pyridine, alkylpyridines, cyclic and 25
the | over S.S?ﬁé)@ﬁﬁr"XIk@ﬂW“ liélotel 3folpSOrRRE troR\draiBhX ERHie DriddRELH cyclidAkdde Ng

m xtures with other solvents. “In"a preferred enbodi nent of thé invention

t he processincimdmeg refhytemizdlly moao-pdotdr polyalnsamtatebeadiryd besyctfalkyuigioapd & proti c

sol vents include water and,| r, al cohol s._ Mst preferably 30 the solvent
is water, e?rﬁé’ﬁﬁfl;ﬁﬁ@eﬁaﬁrﬁfe,r%\f\ggmwﬁ%%}'l'oﬁxafﬂp Qf é@e‘?-‘ﬁé’?‘%‘{ﬁ#’)"q} dill_t‘lgilﬁg 0
7 MAR 2002 mbp'nvmm,%ﬁ‘eﬁwwi§ohb@ér@ﬁrs-&edhyﬁmﬁ[,enﬁh@-_pm@m@.&@,t:wbauaiyn.whl ch each

step of the process according to the ~hventiol~ is conducted will depend on
a nunber of medhgkorcopemedyldi-hexenyie Idesénybdyelabexens]. t-beprenybnd-hepadnybillity and

S reactivity of the reactants in the selected sol vent oiling point of the
ROt A E% TR b e et el I E T
range of - 1QlhdighyS0&pehcidighyl BB RGEIeskneaRAd, MENhexhdien! DagesadisyRar -or med
at a tenperature between -2U and 80 . norc preferably between i S and 40C.
10 The t er néyclobekadignyle Fhewstohgsadipngly Inbewiohepladiand. 1.8.5acvslebrpiaepmd and

whi ch, u-he I reaction m xture. is capable of catalysing,
pronoti ng op3§g§?§@§%ﬁﬂ?%§ lion bet ween reactants. The base may be suitable
for catalysing a single step, or nore than one step, depending on the
desired outcone of the reaction. Faor exanple a base may ba chosen which

cat al ysed5r Bhictersnalsunyledenotes €reypg sarmed doppuiaiant shain.iranchsdeonypicalkisicd, but
which 15 is; : - ' Afar, I i boronic
aci d dor i vaProRARRRT BRI ANSPEEIER SrIbRG ARERELLER Bial A0k ofil
conmpounds, ptefarsblplC50 patkgher dilampldsat akkyind seclide ediyagle @, 3apiopynyi sndsdBubl e in
t he sol vent _t o whi It is added. Exanples of bases which are suitable for
cat al ysi ng fbuEEt i on of the or gani ¢ conpound with the d~boronic acid

i ncl ude, carboxyl ates (for exanple potassium acetate), fluorides)

hydr oxi des) 20 cyani des and carbonates of Li) Na, K, Rb, Cs, ammoni um and

t he group02Theteamns adt)’ eier aldndar intdospatidavordssuchl as (“adyloxya, "aylthiR, Cs)

hosphat es and, t he ,phasphat e. est.er eq. C-~ 0O (ONa)~ and rel ated aryl
ielpeiicloahadl T X g T e A RS Ay e S
hydr oxi de,  gdrtMhinBTaR Atdaiib YHE Miichess réBded lougardidic 25ABr PheitBORAc PAges may

be used in conjunction with a phase transfer reagent, such as for exanple
2~ t et raal kimhiehrbrifendsialas Setsrocydhie agyloprsfastthie Cg.jotacyls Ipeampildsioé aeyd imgdusle
stronger ba sych as K- i.ng t action of an organic
conpound h a\gigrﬁ:ém‘éyq h ‘L’z}fa(])% & ﬁwﬁgh%{aﬁ%hg ﬁ %f@{}%ﬁ éﬁ%sats ??rg{evﬁ't atgzi{yﬂa[) rés)p&B%ﬂi t unon

pUSI | 101 25whiifandyne2-gHelniespatod e phtiioyl 2i NdintetisropBag] hoand e npptabur es. for
exanple -20C to 25 C. ~0 Wen coupl ed product is required this can be
achi eved by 0¢/@Peyds famaneyf. deaangih rapecangyd. dodecanoyl, tridecanoyl, tetradecanoyl.

pentadecanoyl. hexadecanoyl, heptadecanoyl. octadecanoyl. nonadecanoyl and icosanos l.
alkoxycarbony! such as methoxycarbonyl, ethoxycarbonyl. t-butoxycarbonyl. 1-
pentyloxycarbonyl and heptyloxycarbonyl; cycloalkylcarbonyl such as

30 cyclopropylcarbonyl, cyclobutvlcarbonyl. cyclopentylcarbonyl and cyclohexy icarbony |



0 ? MAR 2002 - |d tenperature. The appropriate tenperature wpl-f Q@og@? on
the particul ar sol vent) base and organi ¢ conpound utilised. i

possible to control the reaction conditions to formsymetrical coupled
products using a strong base. In sone Gases it my be necessary to raise
the tenperature of the reaction nmediumto allow the coupling reacnon to
pruceed 5 The use ot~ a single base to performthe substitution stage and
t he coupling steP provi des a very convenient route to a |arge range of

to fo Y

coupl ed pr oddkisylfony sugheasmettylsfiony! and ey ispitenySralife iy iogHrsugsay sed herein

refers to a L jfon with a
boroni c aci dR éﬁ@%"&dﬁ@“%“@?éﬁsorx % an%’ ’\%\ﬁ?gﬂpﬁ)% n%t\(,a\@h‘ﬁgl %ﬁq%b%tg%on at om
whi ch is pardralkdnoginsuch @$ phienglalkandyd (e, § opheayiineryl duneint Igroparmog, pEetO/thmJnBM ni c
conmpound may have nore than one double bond and therefore nore than ?

vinylic coupbemidisgRisylyh ghenylpentaoyl apdphegyihgraneyls edstaphtliy atanqybes-2i on" as

used herei t which

subst i tutIgnﬁaﬁgtﬁﬁﬁgﬁﬁbﬁa&?@ng%ﬂgoﬁggclﬁ H%hﬂlvﬂ}u&aﬂ bf‘ Jeagalgé?ﬁ?%m @I s |l ocated on
a carbon at girnvaikdnoys(ed. rphe:@llgropnmnyl plengibaendydyplehyimetiatiyloyl.s part of an
olefiinic carbon to c rbon do bond. Th nvenfl on al sg}dgrovi des a

process for BYER{RENIERGY a%qdahgaﬂ]eée'mswﬂﬂepf&ala‘kw (¢t ingRBYPOBRM si ng
reacting di kg C

nar ogent | ke eapupu @ikttt hipnadnheRnl: naRSRAANBIINLT S MehBuROBRalE | |

t he presencéde.gf banz@osyqartdngl); arploaycacmngl sysit aspienaxysarborgbbed base, such that
t he halog or al ogen-1ike substit is substituted with a boronic acid
resi due. Qﬂﬁ‘f‘%&ongsﬂ%‘fxvﬁ f‘mf’ H?/B}Fﬁ"f”c‘)vﬁc?tﬂé?lg PPENOXYRYIPIGRY- & process
for pr eparl QGyl@d?bzﬁx'icQ,@&hdh a@%é}@k@rlﬁﬁiodl ‘HR"lthlb@irbMﬁoﬂQu@xﬁls%ih&@lth%@%h:ﬂ&'

di boronic acid wi th an organi ¢ conpound "havi ng a hal ogen or hal ogen-Ti ke

substit uent aryiglvwmﬂ gsdhrasohotyl gy@yinyp aisl maphifpighioxdayia pgydulfemd sechaagi t abl e
base in a pr 9l vent t . the hal oge en hal 0 e 5|0k bsut uent
i s substituth y&ﬁ f' ﬁmé %%P@Hﬁsuﬁong P S Pé‘e Ffu"H % n

anot her aspagienyddcetynehienyiofphsuy] tlhl@ﬁ}&butﬁmpr QMBWn&nWlQﬂﬁﬁ@lh&ﬁdhoW eparing
an organl ~ baronic acid derivative conprising reacti ng drboronlc acid with

an ol etinlT tb‘ﬁzoé)ééﬂtewle‘r’ii%'%@]ﬁﬁ%ﬁﬁﬂcﬁ“ﬁéﬁf'i%)"la@é‘ﬂebﬁt‘?fvéﬂ cadrenppy¢h e car bon
to carbon dch‘ét%'r& ’[ﬂgopgﬁ I; ﬁen{g&?ﬁ@cb‘ﬁ )(;laﬁa?r@(jg ﬁ%ﬁ{eh ahd ! pl e bond and an

active hydr ogen alPn M uen pres nce of a Goup 8-11
met al cat al yﬁterocgumeidnayl andamiuﬁm)@hmdiyroesswhles ih&zbllyrgﬂyo@yﬂuymid on one or

two of the carbon atons of the respective double or triple bonds. In
anot her aspéE‘F“Hgly?WéOVllnventl on there is provided a process t'or preparing
.ut organo baronic acid derivative conprising reacting diboronic acid with
~ui oletinic or acetylenl~ 10 conpound having respectively at |east one
car bon t 02¢dftisoermodhblemcipdind. metemLyngb‘lsmd Ghaerogyeoas usal lwaeibon thuid gleobond,
In the presence o; aGroua18 1 rret ataw?1 I n er ot g
as part ot a group such as eterocy u.a enoy eteror.y(. oxy" 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 systems 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 heremn on its own or as part of a group such as "haloary!” and
"arvloxycarbonyl” refers to aromatuc and pseudo-aromatic rings or ring systemns composed

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



sol vent, such that a boronic acrd residue is introduced on one or two of
the carbon atons of the respective double or triple bonds. Jﬂﬁ{zmu
anot her aspect, there is provided a process tar preparing an

boroni c acrd derivative which conprlsez reactlng an olefinlc conpound
having a |l eaving group at art allylrc Cbstitution position with di boronic
acid in the presence of a Goup 8- 11 net al catalyst, rn a prouc solvent,
such that the IeaV|n roup i s replace 8@% boraonic acid residue 20 In yet
anot her aspdB®, b ppsiogal] SUBF‘BW‘H A PoRUL i ERM Blospdest fpdaAROw: Garigon

bot ani ¢ acrd[oque‘ﬁﬂhio“%f@o%u&%duﬁ@(é -reactl ng an al etinic conmpound

havi ng a | eavi ng group ubstitution positron and an active
hydr ogen cont ai ni ng subst ituent with diboronic acid in the presence of a
G aup 8-11 ne taI such that the | eavin roup i s 25 substituted
5 £ha bor ol BaAocber K ST L Prsess ohe Cav g T ko BRONC Ak | on
provides s il £id'Rrdil BA6n RULAA TOuRE bF i bURA'I B DIHNCST £aVlflicnot be
readi | y obtal nabl e using can ~e.~nttonal processes Sortie at these organic
bor on aC| d dzempmatd snels ttear ebmmelacdrrdsmheps eswdtced oheathhelr thaspbat atofms bhe

pr esent ventign nd ? beIOM/FhOM/the

D et ur s o s T deubiefample et suittiuf oe ot penaderemesct vl bond
obt ai nabl e agCRMM RIS ap.foggl@%%nd)f Irf- ]e L&%Qﬁ% of Hlﬁﬁ:rltohﬂx?mea_ﬁmb@e S
KNOW ~1 BORONI C"ACI DS PREPARED B~ S Compound
~Cal cFoundNhobhés t@UbvmoﬁwtafLXdDescrtRU@metzMuzed, (m—thgtstal tarborn atoms parucpBungGG
10 in the conjugation resulting in loss of conjugation. In the case of an «,B-unsaturated
carbonyl compound, a single borenic acid residue is introduced on the f-carbon and the

o, 3-unsaturation is lost.

The term "distal" as used herein in relation to carbon atoms parucipating in conjugation
15 refers to the carbon atoms at each end of the conjugated chain of carbon atoms For

example, the distal carbon atoms 1n 1,3-butadiene are carbon atoms 1 and 4.

The expression "loss of conjugation” as used herein refers to the conversion of a double
bond of a conjugated system into a single bond. This may result in complete loss of
20 conjugation or partial oss of conjugation. In some cases there may be some

rearrangement following loss ot 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 carben 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 1s introduced on one or two ot

the carbon atoms ot the respective double or triple bond

30 The term "Group 8-11 metal catalyst” as used herein refers to a catalyst comprising a
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metal of Groups 8-11 of the periodic table described in Chemical and Engineering News.
63(5), 27, 1985.

Examples of Group 8-11 metal catalysts include platinnm metal. Pt(O) complexes
5 analogous to the palladium complexes described in detail below. or complexes readily
reduceable to the Pt(O) state  Other examples include iron, cobalt, nickel. copper.
ruthenium, rhodium, palladium. stlver, osmium. iridium, platinum, gold and analogous
complexes of these metals. Metals and complexes with readily accessible low oxidative
states are particularly suitable. Preferred catalysts are those that readily under oxidative
10 addition and reductive elimination. One skilled in the art would readily be able to select a

suitable catalyst on this basis.

When the Group 8-11 metal catalyst is a palladium catalyst it may be a palladium
complex Examples of suitable palladium catalysts include but are not limited to PdCl,.
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(-Pr),,
P(cvclohexyl);, P(o-MeOPh),. P(p-MeQPh),, dppp. dppb, TDMPP, TTMPP, TMPP,
TMSPP and related water soluble phosphines), related ligands (such as triarylarsine,
triaryiantimony. triarylbismuth), phosphite ligands (such as P(OEt),, P(O-p-tolyl),. P(O-0-
20 tolyl), and P(O-iPr),) and other suitable higands including those containing P and/or N
atoms for co-ordinating to the paliadium 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 patladium salts either in the presence or
absence of higands. The palladium catalysts include palladium and palladium complexes
25 supported or tethered on solid supports, such as palladium on carbon, as well as palladium
black, palladium clusters. palladium clusters contaming other metals, and palladium 1n
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
catalyse different steps in the process. The palladium catalyst may also be selected trom

30 those described in U.S Patent 5.686.608. 1in certan reacuions there are advantages in
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using ligands with aliered basicity and/or steric bulk.

Preferred catalysts are palladium and platinum catalysts as described above. Where the
reacting involves an organic compound having a halogen or halogen-hke substituent
5 paliadium catalysts are especially preferred. Where the organic compound is oletinic or

acetylenic platinum catalysts are especially preterred

It has also been found that when an organic compound containing a carbon to carbon
double bond and a leaving group at an aliyhc position. 1s reacted with diboronic acid 1n
10 the presence of a Group 8-11 metal catalyst. the leaving group can be replaced by a

boronic acid residue. Preferably the leaving group is an ester group.

Accordingly, in yet another embodiment, there 1s provided a process for preparing organic
boronic acid derivatives which comprises reacting an olefinic compound having a leaving
15 group at an allylic substitution position with diboronic acid in the presence of a Group 8-

11 metal catalyst such that the leaving group is replaced with a boronic acid residue.

This reaction may be performed in the presence of a suitable base.

20 The process may be performed in any suitable solvent or solvent mixwre 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. alkylpyridines. 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 1s performed in a protic solvent
Examples of suitable protic solvents include water and lower alcohols. Most preterably

30 the solvent is water, ethanol. methanol, isopropanol or mixtures thereof, including
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aci d$2- Met hdRFMELS (Wit PHBYEYEMSNy I ) phenyl bor ont” aci d91- Uxoi ndane- 5- bor oni ¢
aci d20 104- ( 2- Hydr oxyet hoxy) phenyl bor on~c aci d113- Phenoxyphenyl boroni c

aci d124- Br ono-; - net hyl phenyl bor oni ¢

aci d133, 3- DiThetudmperfiuea efiich ebdxspesfthdprooess @according to the mvention is conducted

aci d14~- Oxo- 1- phenyt but - 1- boron~c aci d., - ~ - ~raR_.Zoo2 |, e~ 5
Z,fi-1)imet H’HW&WF‘d’i“ri‘é‘-“ﬁ‘-bSb‘Pfofﬂ?‘erSalE‘il‘dF'%glﬁrdaflﬁ-'ﬁl’9‘et‘1‘ié‘*aﬁ§“¥§éﬂlﬂlgﬁl'ﬁ‘w}]‘}t i on
provi des gdanj &r Al I 1 d | (s : 4 RS ~
here R i TR s A e o B ™ mct i ve
wth 10 or gasropeedterielat checroapionimall gerEndlydrega miecrabger @inil 00 acd58° Gerli aardteresi
prepared accordi n% ttg t he Sgr.ese t i(§1venti on reg esent ﬁf(gg her aspect of
the inventi GMPAHATRBE PESCSS I REAIPIEed A MR elenvem LRANE 80 piMRIC t i t

organi c; ComRAMARS bkivReR [§ akdAgrccar bon bond, or carbon-heteroat om bonds.
The organic 1 S boronic acid derivatives may al so be converted to the
correspondi ng esters or am des by reaction with appropriate al cohols or

am nes, e ially. diols and _di am nes. Surprisingl it has been found that
the pres eﬁoggq%?” g%psruélﬂ?lf" R A 595%%"1 rﬁ%{ﬁg) | t?l‘lsf°g’§¥1pg‘f'yg”§@°kbf“ BRPTE ct i on
wi th di bor on theaedcetlomBiyxtie, RAYFIbIAGQtasysing, pldghotias BREdsRiInDfeadiltn WeRks ed
ester product (for exanple) |less dtnmer formation). r~ccordtngly, performng
t he reacti oftdRNESHd M Bassrayehpcwitalle 5o caFbHB A SREE Hem OF HIOTE BAN gNe/Eem " one
pot" route i i el ergmr l ol s can
be used t o (opPEBRSpCRERR! Gt bng (LMD ctambES il bR Dot
systens. Prafhivhadatalysedreanijopbemeemtie cagamith@mpoandiarnd thé dibbfonichaids dlvehith
chosen for_the reaction is an alcohol or amne it is also possible in sone
cases to &UjURONE §ROYEA AR FatyHseYHbBRIITEIsHAEN 8t jetganin diboranis i dasivativecyish

est er sl am degg; : ' ' O cH ] ct, the
o eaent i van) Hof SBAGE 208 Palng <% 1T b ofRCLAMRERY [ ARPRIRTuREREY
conpounds whasehs clusgr whieb i @ablid inghasdlvent gawhich hos added. Egardpldetviskdsy e
prepared as herein hefore described with ale organi c conpound hayi ng a

Pl bgen or 0D S0 R AUt e ol T4 TR HGTPOSE T Gt bR
presence ot xid ikl cAbdxylaidtBidlexamPle poNRIR AQ4are). nE&idRL YRfdrighsa suitable
base According to another aspect the present invention provides a "one pot"
process fHt cpaugdesanc garbenates 9hki.dNbdt.dih, Csaemmonisimeandabergiol 2 meetaleMet i ng an

: Y . | ( . Shodih . Lk | o
o Seence_of B & B AR R L RO  RORD! &8 ohaiealfl bR BPRNEeRE (hier
condi ti ons SYHIOROMON)Lardr GRREArAGHE AIk§) SThpdufl®) bxdihel alkbRiiBRghddy reaction

of diboronic acid with the organic conpound, reacts with said appropriate
al cohol to fp@ﬁqﬁxsdg;;,dh@plga,lpy@;rogg@poﬂkhlala&'palugshygqu:des and fluorides. Some of these

bases may be used 1n 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 posttion
with the diboronic acid by using lower reaction temperatures. for example -20°C to 25°C.

30 When coupled product 1s required this can be achieved by selection of an appropriate



10 In a t~urther aspect there is prcwi ded a "one-pot" procedure for

coval ent| ~~ coupling orQani ~ conpounds conpri sing reacting: (6ﬂiMARQMHnic
conpound bearing a hal ogen or hal ogen-like substituent; or (ii) an oletinic
organi ¢ conpound: or (iii) an acetylenjic conpound 15 with diboronic acid as
her ei nbefore derived to forman organic boronic acid derivative. and
reacting the organic boronic acid derivative in sttu with an organic

posy t1 on 1 el RErly e g abhspbeEl-RERal {1 3Rt bh HEMbaRuush SSEHE, bl
base, to Cogrghric dbmpindamiliskddert Wardd gosable @ pdritidd iR @edctib® Corditnatccabon at om
of the organic boronic acid derivative to which the boronic acrd residue Is
20 at t achedsymrpgtgca) covderlipredunty Whiig a HEong baarlaspen cas Boray beyWwerstay &al  and
unsymetrical c¢oupl e roducts The " i.ng. i ti,on' herein
fetors to o sl {émejgﬁ{f%ﬂz i Q%ﬁ{;%“ EEfB Ry ‘“&%g@ﬁﬂeoﬂgéﬁqiﬁgé?@%ﬂot ner
organi ¢ cenpiiid drs sitpsd B0 feadhm Ao RuTRNgAEE Abd FR)odS ingawd Poaddara mor e,
preferably between 1 and 6, coupling positions. The process according to

t he presentVarHGRMENISAt oytedd g|iarga FAnge PocavRERPEIdUGtSon sol i d pol yner support
or resin bead in the salve manner as convennonal chem stry |Is used In

conbi natorial chemstry and in the preparation of chemcal libraries. Thus
at sui t abl le_ Bite terxganingliccmbpmo umh I\;ﬂs&gui;gg gaums}ﬁgilhﬁgmem;r]s toad pnlg'laion :o:n klﬁ: ﬁel{hmnt uent
pol yrrer . Sur ORABURRJE Haich SIEHMEORIR S GAToBhzE TSR et e Wi I g

| nter medijgl e, § BarbBFaBRERROCE 1ah o aRBlerARIAMOR Y dksH o ik Rad ViEbhaPbEnRase to
forma coupled product Ii1n e& to the surface of the polyner. cess

reagent s anonipopnad chag havenmyretthanoriseloviis bentl awatiertfoanmbieehau? Yagke | eavi ng
only the reactjon product on 5 the surface. The coupled product may then be
i sol ated by C4PREOPIIAE cl eavage of the chenical link tramthe pol ymer
surface. The process is al so possible using the alternaavr strategy of
reacting: (i) an organic conpound having a hal ogen or hal ogen-1ike

subst i t uent Thegterm " alky ligrsubstisuition pesideny zasiusedclnngin nefers tar position orythe okediecy| eni ¢
compound, .l i nked to a .polvnter surface with. dibqgrontc . acid,as.previously
desenbed? b i EpBEREhho % ARBrai S drePRUSR GRSy PR S eRiE et 1o
t he pol ymerosaltdrd6 atothivisiciHlRIdinéady Nekt fRY cdrBiatdif WwHRAGCE gkt Wt hrholefinier gani ¢
conpound havul fi a hal ogen or halogen-1ike substituent at a coupling

posi tion rncartpn tercesenleule bendpal | adi um cat al yst and a suitable base to
prepare the couplet! product chemcally Iinked to the polyner. Excess
reactants arid by-products may be renoved by suitabl e washing and the

coupl ed pr oTecinvemioniasoipseides achrivesioe prepading/anldrg &li€votog atib@ehvaiket o t he
polyner.oln accordance with the present invention it is also possible to

di r ect | y 2P uTRERRIISHE TS ting diborpnecacid with 3n gegapiseempaung hayige adelpgeher with a

hal ogen or l ol i : 0 Jhi S ised
urface 1o TRAa e O UERl BRfork Eh R Sl Bhin FRRRA 4
functi onal | 6esipdol iy meral vatilist dndeswrble taed, dushrthithibe palegance dalogemlikral | adi um
catal yst and,a.suitabl e base. TW@ baoroni c acid residue surface nmay then be
react ed mﬁtﬂmgﬁymgd??§ﬁﬁéwaﬁﬁgﬁi A FFNEVi ng a hal ogen or hal ogen-1i ke
substituent. If the organic conpound contains other functional groups) for
exanpl e carboxylic ester, they nmay be used as |inking groups to further
extend tRé bhawiheakspeelaadithwingerapp iteselistpoovites pprbgase tor pphnogaPérgdiie t een
"linking gr &g"wasi%%qmepreinireteys.to.ﬁn .qhain.?{ atons | inking one

or gawc gr ou% e Ak rayauvE camprile frcyned ?{ém{jlaf)'ﬂﬁ‘gt PHATBYHL PIRAHEY chai ns,
optional | y Balsui Hhlegenadrl hatogbreiite GibStuiterRelihe PYes@icB OF 2 Bibhp®N € nttidl ahigRs

group. 30 It is also possible to prepare polynmers by reaction of organic
ring Corrpoumijsa i (ablgrbapgineg protic sotvent. such that the halogen or halogen-hke substituent 1s

substituted with a boronic acid residue.
30



0 7 MAR 2002 .,., than one hal ogen or hal ogen-like substituen t. Such
~organrc conpounds may be reacted with diboronic acid in the plﬂeﬁepm Zgﬁza
pal | adi um catal yst and a suitable base to form an organi c boronic aci
derivative having nore than one boronr¢ acid residue. These derivatives may
be reacted with organic boronic aci d-deérivative or or gani ¢ conpounds 5

havi ng nore than one hal ogen or hal ogen-1i ke substituent to Corma pol yner.

if the organrc conpound has three or nore hal ogen or hal ogen-1ike

subst t t uentls appiemaspeca et thRileyentipiethgieys pENided dEreressHanPieparing POEETBl e to
prepare dendrijt.j ¢.aql.e ' 11N,k he e fordiBg. Present
Prvent  on. R0t SufBERARLE Sorih R RAAR TR Cadd i oBERRER B BecchBfe B ¢
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| ocat ed el s@wthereo bhthilerbonhwoslod tinoredgfcae doablpoovipkebdmls. an i nt ranol ecul ar
reaction, such as a ring closure reaction. Simlarly the process according
to the invention allows rntranol ecular linking to occur between different
regi ons beap, t B 1A\RhGSE Rl i Brod RS LipkdeRYS: prEhBuRAGREAccor di ng
to the i nv?ﬁta?gwpﬂssﬁgﬁgo%slef uﬁ f{g]re Lt]EEr pr epe{rpat ron l;)[]gr ir?»'gia?(:ti vg;’ 216

r nt er medr atmsonh it denhativa patyresingf revcing dipopand adichwitian blefink @astederse or

rearrang?{;/rents. Tc];ese reacgivg | terrrqdj’qt es may b hpeb organi ¢ boronic
aci d der iV OMPAURGIaVIngesnstHeRG! SFASURRECErOR & & ugle bopd r 5 de3She acr d
deri vati ves PR th @lfr%orlpﬁrl’ﬁle bhdO HEthe pred@Hc8 oPh Gtr&.ﬁ) 8] hrdt smgaiRh Eﬁ)‘ﬁ@'
reactions of aryl boron conpounds gESCI’I bed by M yaura and Suzuki in Chem
Rev. 1995) obeays5rchahd3 bopénid ad pesoltie ssintedigediomonet @ tvheo! feastban ajomsent i on
allows the |.inking of organic.conpounds rn mld conditions and avoids the
use of expeﬂé&%rgf&éPYeF‘foé‘chtortIB&Fg’BrB e and/ or toxic reagents and sol vents.
In this regard boron and boron conpounds are generally non-toxic. The
reactions may also be perforned in relatively cheap solvents such as

met hanol 1ania Y&t anOtsT agBciafigre is promidas aoproerelor RisPaRtH cyBUYGPoreRie Acit he
reacti on st Lol i . (] Thavis o ledd: e

possi bl e to&g@?‘f‘{%r‘%ﬁ'?‘hg&‘?@c‘ ﬁgﬁfsnﬁgah oéthm}{t&r)f qer P?da?a\ S&d) lg!rvlﬁrégpg%eags al so
al | ows t he dliyhkisugtimtio pgaiunowittodipotonidacidtin el mredehel of adGroly 8-1hyatnggen
subsutuents without the need to protect those substituents dunng the
reaction. SRRSLIIBI BN IMERD M8t Pe lepY B, E19ER 1% PRt Py tar ROrNIG B
preferred epbggi nents at the nwention. Hawev er, it is to tie understood
that the follow ng description is not to supersede the generality of the

i nventi oBOpreviously descri bed. 10 EXAAZPLES Preparation 1 - Preparation of
di boronic acid 1 a})l Bi s(di met hyl am ndgl boron.~, hl~ride | S.A915 litre pil ot
pl ant r eact OrY WA T PR QIS OhPIPT S A PHPEPRERT CERRIF BRI AWls
charged w t&rﬂﬁﬁi@@ﬁ@ﬂb&ﬁ]{;ﬁﬁ re(a@mrgba:?&erﬂm; compoin@ g ioLle@dng ProaRakin - 60
using an external dry icelacetone bath. D nethylam ne {2929 g, b4.83 nol es)
was run i ntdivinsulstiftongosvdrdanslgimashive h@rQwﬂIﬂolhthiqimgdu@ﬁwega%ﬂwbomh'é

sol ution cogl ed Lnto - A litre vessel. al W th nitrogen
protection %A‘ié‘gmc%gﬁéeéﬂ}tﬁ Ogagg;rr?/u[’l %'gilé%etéatl ézﬁaely%aglﬁhglhag&seﬁ%\fnarglr?/ﬂ)c'%arged wth
pet r ol eurrs sfibditited Svilh)a bdBediOAcit résidieor i de (2000 g, 17.07 nal es) was

di ssolved in the cold solvent) the vessel fitted with a tetlon transfer
line i mersed bel ow the am ne solution in the reactor) and the boron
trichloride i .Sl 1RLQ.L. i L ARL-Ne ution,
There s a Riotossrraraik e R PRRC:FRRn Bk SR TR BIR, &8 L
taken to prderévativésewipeltr eduld sotdeeesiilg@biaimabld uaing cotvieadomthgrotasgnsSemelottre i s
not bl ocked b~ the am ne h,vg{eochi oride. tig addi tion was controlled so
that the a HEScPIERHC RARONAEIAELY HIYES At QKD 3R] FePerseid S P RRFT @FRSCIyg RESSEhol i ng
bat h and ddivkhgyn t ook place a~~~r about 3 hours. The vessel was stirred
overnight while it warmed to roomtenperawe 30 The stirrer was stopped,
the reactor quickly opened, and a tetlon tube inserted thrau~it 0 ? MAR
2002 the cap iitti~ng and the inner end fitted with a gas distribution tube
(pyrex 3%$30/02 YlI) as filter, and the filter and tub pushed as deeply as
possible into the settling am ne hydrochl oride nass. The reactor was seal ed
and nitrogen pressure (up to 30 kPa) used to punp the product solution out
into a protected receiver. The crystailtne am ne
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Preparation

2 -

Larger Scal e Preparation of Tetrahycirox~~diboron

(diborunic acid) Tetral:is(dimethylam no)diboron (44 g) 0.223 Mof) @) MARS2002

stirred in ice-cold water (40 m)
concentrated hydrochloric acid (73 m of 12.78 Ml ar.

in an ice bath and standardi zed
5 0.932 Ml e HC .

4

18 X di boron reactant) added via a syrilhge punp at 50 mi!hr to the stirred

sol uti on.

i ncreased by addi ng et hanol

The m xture tenperature slowy rose to 14, and cool i ng was
to the ice bath to increase the tenperature

di fference between the reaction m xtureladel2t he cooling bath (bath to -1U).
dition was

The m xture

rYOYEL HORBN G ADs Ftip e B piip R erflondigl

conpl ete, ilute
hydrochlorlc acid (& MO0 0U.064 M and aifr drred to giVv whife soljid
(15.47 g, 78¢@”m#WF§ materi al was used wit hout further P r&ﬂfdathW? | 6
MeOH as sol ed¥umigr, jH ~ . ~~CQMPOU D T U@ H nj t Mdgen) a
m xture ofﬂtetrahydr xydi boron (104 ny +%
[1,1'-bts(diphenylphcsphtno)ferrocene}dlchLoropa adlun(ll} dijchl or onetlhane
adduct (Pdd|z(dppf). JCH~C12) (26 ¥y, 0.632 nwok), KOAc (303pnY; 38i @81 ymo! )
and | -iodo- 3, 4net hyl gnedi oxybenzene 251 rg; 1.01 mmol) ijn dry MeOH (5 |m)
was seal ed and stirred at 40Cfor' 3 hours. A sm&® anount| of tihe reactijon
m xture was {added to |water, extracted into dichloronethare and then drijed
over MygSO4. |[The reactli an qnl ution was 2?5 anal ysed by HPI a (\\atlers 600F)
under the fdllow ng g¢onditions: Zorba$H§IED 4.6 nmx 2~ cn1co|unn, , ¥ 230
nm 2nl | m-n fusing 2% CH CN: 80% &=d U to 90&@CH3CN 10@6FEC)ovqr 25 nlnHtes.
The mayor pgak at 5.82 rains was i denti fi ed”as 1, 3benzodi|oX6l e-231 WGt ani|c
acid by LCINB. ditilon of authenti¢ 1;3--Benzodi oxol e-5-Hotanilc acid tg the
reacti on solluti on and anal ysis by HPEC\undQn4the sanme conditigns provi ded
30 furthenodvi dence tfhat the desired armprotanlc acid hdd formed. 047
MAR 2002 J {The reacfiion solufion was also analysed under{ th ol l owi ng
conditions: [Alltima € 18. 5 micrgg, 4.6 mnmx 15 cmcolunm) ~. j= 230 nm
2m / m n using 20% CH;}CN: 80% H: Oto\loo % CH3CN over 15 m nute% The maj ¢r
peak at 3. 33 mts wds identified ag-l, -3benzodi oxol e- 5- Qo &nijcl&ci aflt er
the additiorl of sone|authentic ndferi al t@ t ke reaction ~ sol ytion and
anal ysi s by |HPLC under the sane condltlons-xExaane 2 EtQH as |sol vent 10 ,
ors o___. 1 ]O-0lI1 In a Schlenk tube under njtrogen, a milxturg of
t et r ahydr oxyldi boron (14$ ng; 1.G& nnDI)) 15 @dCI (dppt) C}FCI (28 ng;
0. 035 mml ) ) RKeAC—( 313y S 19 not)—and—it=rodo=3Anrethytenedioxybenzene
(252 ng; 1.42 nmmol) ijn dry EtOH (5 m) was seal edh and stifrredlat 40C fqr 18
hours. A sngl | untf of the reactlon m Xture was dil uted Eﬁ}r 6§?§¢¥ 2 O)
filtered thrjough 'glags fibre Ater and_dhalysed by JHPLT {( ) OOE)
under thelﬁdllomﬁng gondi ti ons: Zonﬁéx Cﬁ§ x 25 cm collum) n, ¥ 230
20 nm 2m /i n using 20% CH; CN: 8086 H-0 t 0 90@6 CN: | O% HzO0 oVer 25
m nutes. A ngjor peak was observed at 5.26 mnutes. Additlion df authentjic
1, 3-benzodi gxol e-5 bgronic acid to the reactlon sol ution fand gnal ysi s Ry
HPLC under tlhe sane qondltlons - R

11 o o ow 214 | 213 (Cl)

2o ?
OH
CH,
20 PRS-
i Cry; OH
12 HO \B/l\:¢ ! é 214 | 213 (ChH
| and/or ! ~ |/ OH
OH N




confirmed that the desired arvl boronic aced had fornmed. ZS Exam!~ i-PrCOH
as solvent /OHy 30 OH 0 7 MAR 2002 -~s In a Schl enk th?cyg? i trogen,
a m xture of tetrahydroxydi boron ( 158 ng, | .76 nmot ). %M).CI—FCI,
(26 ng; 0.032 mml), KOAc (310 ny; 3.16 nmol) and

| -i odo- 3, 4met hyl enedi oxybenzene (254 ng;- 1.02 mml) in dry i-PrOH (5 m)
was seal ed under 5 nltrogen and sti rred at 40C for 18 hours A smal | anount
of the ruction
fibre filte
condi ti ons:
20% CH~CN: Bils == 3 . 3.
mns was identified]a5 1.3- benzodl ox0l espp- boron~c acid after 1@0,§;}qu| on of
authentic nmterial tio the reaction solukion and anal ysi s| by HPLC under| the
sane conditf onsi3 Exdnple 4 15 DVSQ’as sblvent ,OH *' O ~CH 12)8) | by HPEChI lenk
t ube under |nitrogen)f a m xture of rahyd?"bxydl boron (1p2 ng; 1.70 mpl).
Pdd x(dppt )} CH-Cl ~ (27 ng; 0.033 myei)) KOAc (300 ng, 3.pPb mmpt) and

1-i odo- 3, 4nfet hyl enedi oxybenzene (249 ng; 1.00 mmol) in dfy DMSO (5 )| was
seat ed and [st++red—eagt—46Cc+For—18—hoturs—Asratt—anount—o—tfhrerreacttor
m xture was| diluted|with CH3CNl H-Q~"t:i ttered t hrough gl a:s f i pCenftrined ar
paper and_anal ysed ty HPLC (Waters..25: 600E) under the fo gw ntg }g}gggztl ons:
Zorbax OD8,| 4. 8%m § 25 cm col um, <, ,——230 nm 2m/mn Sll ng| 20 GN: 80%
HBO to 90% CHSCN 1000 HBO over 25H@i-nu; es. Tﬁe maj or peak|at 6} 58 m ns fwas
identitled jas 1, 3-bgnzodi oxol e-5-boronic acid after addifi on of aut hentic
material to the readtion solution and 8Ha€y’s| s by HPLC uhder fhe same
condi tions.{30 O VAR 2002 EXam DI=TF a5 solvent OoH 0 .tV . _~---g\
~' O~ ~O-1I{In a Schlenk tube under nitrog?é‘, a m xture pf

t et rahydr oxlyd~ gron ( 131 ng; 1.4G mol)) PdCh{dppt) CH-(C 81(2% ;I+9'033
mmol ). KUAc| (2 2.91 mmol ) and 1 rﬁg U net hy ened oxybénzegne
(243 ny; 0.]980 mml) indry DWF (5 rr,i) S seal ed and st|rred} at 40C flor
2.5 days. A small arfount of the m@actlf‘bn wcKgure was dil bted wth
CH-CNIH~-O, [filteredlthrough glass fibre filter paper andl anallsed by I-iPLC
(Wat ers 600E} under the faIIovvrng conditions: Alltima C18, 5 micron, 4.6 nm

(.2 S0 oy ST FBINNINE, % o 1o Jobe ok

1, 3- benzod| pxol e- S-boroni ¢ aci q widBhdigeld-5i8Rnf acgdit hentic material to the
reactron solution and anal ysis by HPLC under the same conditions. 20 x ie

H U as sol vént 1,2,2-Triphenylethyleneboronic acid

3 4-Methoxyphenylboronic acid
4 4-(2-Hydroxyethyl)phenylboronic acid

15 5 4-(Aminocarbonyl)phenylboronic acid
6 Phenylboronic acid
7 4'-Benzoyl[1,1'-bipheny}]-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



,OH.. gy / O-.-t\ .~ ~" 0O "~Chi 25 In a Schlenk tube under nitrogen) a

m xture of tetrahydroxydi boron (123 ng, 1.37 nmol). Pd ¢ f Cl~ (23
ng; 0.028 mmol)) KOAc (271 ng; 2.76 mmol) and ¢r HRRZM?HN

1-i odu- 3. 4net hyl enedi oxybenzxne (220 ng; 0.887 mml) in degassed H O (5 m)
was seal ed and stirred at 40C for 18 htfurs. A small anount of the reaction
m xture was diluted wwth 30 CH3CNI H-O ftltered through glass fibre filter
paper and anal ysed by HPLC (Waters 0 7 MAR 2002 ;c~ 600El under the
follow ng casditions: Alltim ClI@Dirfhethdxporidind3doromxackdb em col um. ?, 230
rim 2m/mn using 2UM CH3CN. 803r. HBO to 100'h CH3CN over 15 m nutes. The
peak at 3.18 mins was ldentified as 1, 3-benzodi oxol e-S-borontc acid after
addition of authentic material to the reaction solution and anal ysis by

i PLC under the same 5 conditions. FUNCTI ONAL GROUP EXAMPLES xa le 7 10 0~3
H3cO- _ g ,According® e Ipresent Solehenmiproubes asndgaminbdronigacyl darivative of heut

t et rahydr oxydi boron (99 ng; 1. U muol), PdCl ~(dppf].CHC, (26 ng; 0.032
mol ), KUA: 70882 ny: 2.93 mmol ) and 4 15 i odoani sol e (231 ng; 0.987 rmol)
indry MeOH (5 m) was seal ed under nitrogen and stirred at 40C for 18
hours. A small anpunt of the reaction m xture was added to water, extracted
into dtchl oronethane and then dried oReB(®304. The reaction sol ution was
diluted with CH-C1V, filtered through glass fibre filter paper and anal ysed
by HPLC (Waters 600E) under the follow ng condtttons: Zorbax ODS, 4.6 mm x
25 cm col umyhereR 20the redie bt B orgBil BbMpdimb MavidP 2 KokstuesN¥eacti®® wthH=0 to 90 %
CH ) CN :10 % H O over 25 mnutes. A major peals (84% was observed at 6.79
m nx whi cl weEnperalc pegowds.4nmet hoxyphenyl boroni ¢ acid by LG/ M5, Addition
of authentic 4-nmethoxyphenyl boronic acid to the react:on solunon and

anal ysis by HPLC under the sane conditions provided further evidence that

t he desi r ed Tae yrdanicdrshiagiidlddradrifes prapdred acdotding keth pfdskrs GniioBRpiktnt 0 7

MAR 2002 L , : : . : .
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 appropnate 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 tormation). Accordingly, performing the reaction tn the
20 presence of an approprate 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 1s an alcohol or amine it is also possible 1n some cases o

adjust the reaction conditions such that the boronic acid esters/amides are generated in

[R%]
]

S situ.

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

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



3, _ In a Schlenk tube under nitrogen, a mxture of tetrahydroxydi bororr
(120 t3~t. 1.34 mmol ). Pdd z(dppt).CH C, (26 ng: 0.032 mml ), KOAc éjGWR 2002
ng, 2.73 mmol) and -tbronophenyfethyl alcohol (177 ng) 0.880 nmol) i

DMSO (5 m) was sealed and stirred at 40C for 18 hours. A small anount of
the reaction nnxture was added to watepo-S extracted into dichloronethane
and then dried over I\/gSO,. The reaction solunon was diluted with CH CN)
filtered through glass t'ibre filter paper and anal ysed b~~ 1-1P1.(_
(Waters GOOEAMag.@ld;ﬁ{d 4 ifabielbhw ng condi tions. Zorbax CDS, 4.6 mmx 26 cm
colum, ~, nm 2m/mn using 2%~ CH CI\:80 rl~ HHU to 9U%

CH, CN: 10% H=U over 2~ m nutes. The new peak observed at 2.49 m ns was
identified s t he: or on In a
Schi enk ¢ ubdicpidtie Riaagemped MR PePany ot FilRyar cubdboP 8t 196 g 1. 41
nol ) . PdCl, (‘éi)@ﬁﬁ@aﬂi'r llbﬁaﬂ’ﬂtnﬂ:ld &{&meﬁﬂﬂhé realﬁU@Can(o?éﬁndT@}np%u&l hm’ﬂigf") and
~4 20 |odobenzam de ( 6 mol) in dry DVS was seal ed and
stirred atS 40©nfreactivg sm)wrtb dlmrmmxd Wnfpe presake t’héGﬁwcﬁ ﬂbﬁ‘eﬁ@i salaly s ks

diluted with CH CN.H U [ [ ou i r and

anal ysed by ‘*ﬁﬁE‘E"E’%{{: ép“gﬁ% %r Uhder™ %gh ﬂ’ 8??‘ %ﬁ{tgbgyr‘l |6dn§@R§£vcbax DS,

4.6 mMm x 25 t@ﬂﬂﬁtﬁcﬁv%tloh‘otdlbaﬁﬁlsznd withirkHerore ahsd M[}Bﬁ% Gkhc@NnIh SoH Oto

90% CH, CN: 10% H~O over 25 mmut os. The net~~ head 25 observed at 2.81 nins

was i dent i f BBRFOBEAtE Blsobglyp KIFOTHCOTa®IE bRfpnic GENESeExanpl e 10 O -- . ~ , , -.
ON -\ - . 3. O 07 MR 2002 -32 In a Schlenk tuba under

nltrogen a mxture of tetrahydroxydi boron (I 17 ng) 1.31 mml).

PdCh( dppt )0 Gira Gibrthef 28beoprhei@. iOrOviBd b ) ond<SAAL plolddurerr c@vabiétimoviplingoekanic

4- benzoyl 4' - br onobi phenyl (303 ng; 0.899 nmmol) in dry DVBO (5 ml) was

seal ed undeFORPRUYEEPMBIIHURK 3¢ Er ed at 40C for 18 hours A snall anount of

t he rea~non eg through gl ass
fibre fil ter(lmag%gaﬂ V@% %g+d;[§% “t’“aﬁ% (?T\}\gt ehh%f)&l?&ﬁ%ﬁ{ e‘% the foll ow ng
condi tions: (Mdrtolmmcm&anﬁ mirqaomrd ofd 6 mMmx 15 cmcolum. ~ 230 nm 2m|Imn
using 2U~~~ (-1, CN: 800 H U tq 90~~, CH3CN: 10% H, 0 over 2~ mnutes. A nmjor
peak was ob§‘é‘?9’é3‘%¥le'1‘3°®‘§p s and identified as the arylboront acid 1 ~
by LC M5. | £xwiiRBIterohid acidbd RerdiRbdlore dg‘hea to TorhTarPorganic barofdttaeid @chiBarivB. @

Schi enk tube under nitrogen, a mxture of tetral rydroxydl boron {120 ng; 1,
34 mol ). 2@n¢9mtlr(g1ltrbpmganmomrzc {c2di deriyatie mwztmmormmmnd@w@ a7
mural) and neth 4- oxybenzoate

(5 1) was SEPdLOTHUCEER kSR REHGER O Bg PGPt e s Bb Rt [T e
reaction mididl @ataBS: Adl Hdupebivbhdd, (eHofatdmelt Hohl beteeh m@m&wﬂ% gbaén rdbr e
titter paper and anal ysed by HPLC (Waters 600E) under th oW ng

condi ti ons: 3Z§FHeRRIADDSY the opgamin HOrorBe adid deryasite to-whieh the pormicragid @ﬁlﬂlﬂq’ﬂsn
using 20% 0 () w peak
was observ ugat>l % gbﬁ Qow(an%f%ﬁn}fé%f’épaaa “%pl{ F Eghg @lrnre égalarq?n\alﬁk nrlé(?ﬁpag aci d
by LG 'vl Scoupled 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

t2
L

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

The process according to the present invention 1s applicable to chemistry on solid polymer
support or resin bead in the same manner as convenuional ¢chemistry 1s used 1o
combinatortal chemistry and in the preparation ot chemical hbraries. Thus a suitable

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



30 D~ 7 ~ 1~-AR~~~002 _;;_F,xamlp al? 5 CHHO--B 0 In a Schlenk tube
under nitrogen; a m xture of tctrahydroxydt baron (173 m_ﬂ:?lMﬁRZﬂﬂZ]ol)
PdCl ~(dppr).CH-Cl Z (23 ng; 0.028 nmol), KUAc (?69 ng) 2.71 mmol ) and
~-brono-! indanone (187 ng; 0.86G nmol) in dry DMSO (5 m) was seal ed and
stared at 4U C . for 1D 18 hours. A snalt anpunt of thL reaction mxture
was diluted with CH CN,H O t'iltc:red through glass fibre filter paper and
anal ysed by HPLC (V~aters GOOE) under the follow ng conditions: Zorbax QDS,
4. G mm x 25 whigtciolchgmicalty. linke? 30a poly m2nuriice mag baeca2@d wilHn, ccn808oréhtO t o
900 Cl |,CN: | W% H Oover 25 nminutes. A new peak was absen~ed t 3.54 mns
and i dent i f iaeid d§&Vativs iprermadiae Wty BsDAe of %Eﬁ@dwl faglygsand g syr@hin bsedy

2U HO XE R4 .

O_t)dljngo ‘{%@@5"% Hhﬁedzgqg%lmaw &gﬁ@pol?mg? Extles éﬁgezns and by

téi r ahydr oxy

(dppi ). CH, C1 ng; 0.031
nol ),  KUAC pgéticis nng/ théh BH wmtnad )waynﬂorﬁ-tbeﬁlminta@mhph&gmuly)tm rranioh pf@iudt ang,
U. 98G mml in dry %g stirred 25 at 40C t.'.or 18
hour s. hq Sué’ﬁ'b‘u nfrh‘oFo”PH"é W‘%ﬁﬁ'&‘t T@h‘ ¢ iSPRHAY apPToRFalg cliryase | H O
tElter ed t hr, ﬂl’lﬁmal% orh 't]@;folx%értql}ha&apﬁ{e ;ﬁ&@s@@%ﬂs&( §§Q1tﬁ)é’uﬁﬁl—(§e El\{lrnﬁ;\'@r S
6001;) under the follow ng ‘conditions . m cron. 4. cm

col um. ?~ wtr2idgy aimeaimiel () an argamg L@ﬁpdund:mpﬁhg smam@cm @ ltadngm{me mbﬁmlnbrmver
15 mnutes A new p ‘g k was observed at (1 36 m n% and identi jf | eg as tlhe
desired aryl%&oH § ArEgIL CamPRUAANRS (1) 4 ACRK NI GAmP jinieq jp a golvmer

surface with diboronic acid as previously described to form an organic boronic acid

10 derivative chemically linked to the polymer surtace. This derivative may then be reacted

with an organic compound having a halogen or halogen-like substituent at a coupling

position in the presence of a palladium catalyst and a suitable base to prepare the coupled

product chemically linked to the polymer. Excess reactants and by-products may be

removed by suitable washing and the coupled product may be isolated by chemically

15 cleaving the link to the polymer.

In accordance with the present invention it is also possible to directly funcuonalise the
surface of a polymer, e g. polystyrene, with a halogen or halogen-like substituent and then
convert this functionalised surface 1o a boronic acid residue surface by reacnion of the

20 functionalised polymer with diboronic acid in the presence ot 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

13
W

The term "linking group” as used herein reters 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 Tt s also possible to prepare polymers by reaction of organic ring compounds having more



I Il O° ~OH ~" Bl OHIn a Schlenk tube under nitrogen, a m xture of
tetrahydroxydl boron (128 ng, 1.43 mmol). 10 PdC, (dppt). CH C, []{'24”“@2[]02
0.029 mml)) KUAc (294 ng; 3.00 nmol) and 5 bronodi phenyl et her (Z44 my

0.983 mml) tn dry MeCH (5 m) was sealed and stirred at 40C for 18 hours

A smal | anmount of the reaction mxturewas diluted with CH j CN H-QO

filtered through gI ass fibre filter paper and anal ysed by HPLC (Waters
600E) under the f owi n ondi Allttma C18) 5 mcr 6 nMm x 25 cm
ol i e 4ha3ge RaloBei OB TAIDEHI K TS0 SR XL JBPP IS Gy G EBIN over
15 mi nut es § mg&l;eéﬁ& ita FufRuh ey AR d ARRE bhdo Rif e
aryl bor oni C@a@fﬂbﬁﬂﬂl%n ‘ﬁ ! ES ‘ °

~g | ..B~orgndl tmroma. aeid 'dedivabve hhvmag mnreahﬁc(bﬂeémkommimd tasdge. ﬁ'lheqeogen a

m xture of t et r ahydr ox |bor 1..49 25 PdCl t~. . CH-Cl,
(24 e 0. 0BGRBES Mo RGBS Piihpreasedieriti R BHUH BV EOLP BRI ERBPUBHE | 244
mg, 0.976 yMmlihg h{br@'fmnMﬁ%lééenrm)halﬁgaﬂu&%bmeﬂﬂmnﬁIatp'oggﬁé? anghestirred
at 40C for 18 hours. anount of the reaction m xture was dil uted

wut h CH3CNI Idz@nannbnmouncthisdhm:h poomgke fgnllqgss of hajownfhLletsebsupap@rwhldh@a@eym ed
aryl boronic acid detected b of the reaction

Xt ure. was BrAiBeroRl SiBet sl adiPrehind Tncoif o BhusRin SRR oo,
-3~ and t heprsleisast tRY Siesddl ventiofX A8 5%IsBippaedd 1o 1B fm peHaR{ & drBsyeldroaet quid
the sul uuon anal ysed by GC. A new peak was detected and identified as the
cor r espondi ngidaeivstyeaprepapd Gomveetige ergarip cemu@inds and acetylenicBorpounds  OH

10 where there is more than one boronic acid residue.

The organic compounds which are coupled may be separate molecules or may be hnked
together such that the organic boronic acid derivative formed after reaction with the
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 ditferent

regions bearing halogen or halogen-like substituents.

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

20 ntermediates 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.

The process according to the present invention allows the linking of organic compounds 1n
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, 1t is envisaged that 11 would



In a Schl enk tube under nitrogen, a m xture of tetrahydr d| boron (|24 ny;
1.38 mmol ). Pdd 2(dppt). CH C, (24 ng; 0.029 mmol ), KOA ﬂﬂﬁz 2.72
mol) and | S phenyltrifl uoronet hanesul fonate (204 ny; O. 902 nmol) in dry
MeOH (5 m) was sealed and stirred at 40C for 18 hours. A small anount of
the reaction mixture was diluted with2H CN H-O filtered through gl ass
fibre titter paper and anal ysed by HPLC (Waters 600E) under the foll ow ng
conditions: Alltima CIB) 5 micron, 4.6 nmx 25 cmcolum. ~. = 230 nm
2mlim- n us bﬂgosztblé’/ﬁorperf()]m jtlweaosgnsmn sy 1A g0, The moresseled i@ sihwut es
The 20 peak .at. | bor gnj c aci
2ddi 1 on of ikiphahoreengenprapd Fkb opa aey RO eert i EsfS ndy need,
HPLC under Ed;&o&@moge%smem%un g®rkdcBo 17 25 off i B c~ H3CO ' N' OCH3
30 In a dry hl enk tube fated w~tl ~ a magnetic stirrer and t7ushed with
argon were piace~ ~ ~ 7 MAR 2002 iodo- 2, 6-di net hoxypyri dine (494 ny, 2
nmol es), tetra i_boron ium.ace .3 . ,3.3
nmol es) and E‘ chi% rglg}ag}%%ﬂepq{SWéﬁPﬁ) ?Sgrrareosgené)jﬁf:réﬁf %gﬁ{;r'g[nil 1) (57
ng, 0.07 nmahesjon. flRdW&wRG BYo BB’NndE&tdbaﬁlﬁllt tielf ek ing dEkl@spWrﬁﬁKnoS@N ed,
shaken, than stirred overnight tn an oil bath at 50. A small anount 5 of
t he reacti opupgisrdashe sorpsaliyy plhe Mvanyan reeyioushy daseniéld filtered through gl ass
f~brc titter paper. 2, 6-Di net hoxy-pyridine-3-boronic acid was identified as
a pr oduct by LC Ms. AthENE E~i PLES 10 Fxan~r~l~ I h MeOH as solvent .'..
T R B (P . ,. B-OH 15 HO In a Schlenl: tube under
nltrogen a_m xture of tetrahydroxydl boron (82 ng; U.91 mmol), PdC, (dppt).
CH=C12 ( PoEXgMBLES3 nmopl)) Koac (219 mg: 2.23 mmol) and
bronotri phenyl et hyfene (247 ng; 0.737 mml) in dry MeOH (5 m} was seal ed
and stirred at 40 C for 18 hours. A small anobunt of the reaction m xture
was added t Brepatstion VOPeepirativhed dibironidiacidl or onet hane and then dried over
MySCa. The reaction solution was diluted with CH3CN) tittered through gl ass
fibre filter paper and anal ysed by HPLC (Waters 600E) under the follow ng
condi tions: 1 40r badiRS 2R colum. ~. = 23U nm 2nl ~m n usi ng
80h C -1.,CN: 209 O. e new pea observed at 1.96 ntns was identified as
1,2. 2- trlléhen~~l vi nyl boronic acid by LCI MS. ?5 The reaet~on soI ut| on was
al so anal ys nder.. th i ons. on. 4.6 mm
X 15 om oot tnts i Hinds gt Sal S BF RS iy ®fm o alBpir mas I Re oo -
CH Cl over é&ri@iﬂnﬁ etFB'lI%mlsp?m%btpl’BOh@ﬂyS Miah bENEPLRMLBET -0 aPRBAAEkdhal ~) 93

m ns udder theSe c: ondl uons
dry ice/acetone bath. Dxmethylamme (2929 g, 64.83 moles) was run into the stirred cold

solvent as both liquid and gas and the 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 1n
the reactor, and the boron trichlonde solution slowly pumped across into the
dimethylamine solution. There i1s a huge exotherm with this reaction and great care must
25 be taken to prevent temperature overshoot, and also that the transter line 18 not blocked by
the amine hydrochloride. The addition was controlled so that the a reacuon 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 1t warmed to room wemperature

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



0 ~ ~M4R 2002 ~., Ex 1 ~ DVF as solvent i .. [ HHO In a
Schl enk tube under nitrogen) a m xture of tetrahydroxydl boron Qf3MAR92002 51
mol f. PdCl, (dppt).CH, Cl, (26 ng; 0 032 mmol ), KUAc (290 ng; 2.95 nmol) and
10 bronotri phenvl et hyl ene (323 111g; 0,49(33 mmol) in dry DM (S m) was
sealed tu~d stirred at 40C for 2.5 days. A small anmount of the reaction

m xture was added to water, extracted into dichloronethane and then dried

SO-~. Thi t | ut ted th , CN ' d
?532335 ol e o e § ?&x%ﬁe& Mo B T Rt on 1GF TP oM EMMEG e
Identifie HRLG | ons:
Altim ClSHNeI m crh g\rﬁ%%@ 68 @ Sggw%enﬁreg%P%?rEwSJb%{bgm% scﬁ%ﬁ@%u}em n using

80Y<. CH~CI\h)21&7chtorid;:®nds5) H‘ﬂ@rcauﬁﬂwﬁ?\kea}adtandﬁltnwgﬂupressureE(martqDB@kB:I) usedXd as

solvent 20 .1 i~~~ In a Schl ﬁﬁﬁﬂ!tUbe under_nitrogen, a
mixture of RWRR @ﬁymcwxwﬂ%w@ﬁftmqa n@t%{j‘d rECEHST- M f CYSEBREAMYppt ) . CH, O 2

(23 ng; 04 0@3@%‘% 1% Eb%gb(o%% allza n{fampgas l@@u@ﬂ@f@mtkph%}fﬁ gfi el ene

(295 ng; O ry EtOH was seal ed under nitrogen and
stirred at U@ hal bekB chmcnsi,Alesmwlrltubammn\nthdfa“mheom@axﬂolldmam Xumies wav 30

added to water, extrac I nt chl oronet hane and then, drie
Thi s react ~Rpiroleum spir “I\Vlt&ﬁ?)ﬂﬁlg?‘?m th‘é vessd oing;t Ft(‘)ho‘\ﬁé‘és “cﬁ“}‘?ﬂs@dﬁ\ﬁﬁ"ﬁﬂ“ggr%h’% and
filtered th{o‘gtéﬂﬁ &lﬂaﬁ%rfs mn% b kLR arﬂ‘ar@ﬁlramm gﬁ'oéucg %é hRFHﬁBb{thd Ayl bor oni ¢
acid was identified by H (Waters er the | owi ng conditions.
Alltim Cl&xtﬁctmrmrare):s We:@ thm wp@&damhcrdltmwnand~§he£0msmedmxtrz@mehmcmataé| ng
80% CH3CN: 20~1~ lH do CN ove % I rxanl Ble 21 i-1'"rCH
as sol ver‘P qHa rve s?ale rotarv evagoa_?r.us%hqm foed | and mtroaen protéction if there was

any need to change a receiver or bring the appararus up to atmospheric pressure. The less

volatile residue was then tractionated 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 [((CH,),N),BCl} and/or at § 2.93

15 [((CH,),NBCI,} 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" stirrnng,
argon gas protection ot the contents through a T-piece at the top of a condenser, a
thermocouple probe and a SO0 ml pressure equalizing dropping funnel. To the tlask were
added sodium (252 g. 10.95 moles) and xylene (2 1) and the contents heated from the oil

25 bath to 120°. The stirrer was run up to approx 800 rpm atter the sodium had all melted
and kept at that speed during the reaction. After the sodium had become a fine grey
suspension n the rapidly stirring liquid (about 20 mins), the dropping funnel was charged
by pumping through tetlon 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 xviene refiux), the bis(dimethylamino)boron chloride was slowly



15 in a 5chl enk tuba under nitrogen, a m xture of tetrahydroxydi boron (127

ng; 1.42 mmol ). PdCh(dppt).CH Cz (22 ng; 0.027 mmol), ; 2.78
nmol ) and bronotri phenyl et hyl ene (296 ng; 0.883 mmol) m@%g@ww m )
was sealed and stirred at 40C for 18 hours A sanple of the reaction m xture
was diluted with CH,CN and filtered th#ough glass i~bre titter paper. The
1,?,2-triphenylvinylboronic acid was 20 identified by HPLC (Waters 600E)
under the followi ng conditions: Alltima C18, 5 mcron, 4.6 mmx 25 cm
colum) ~, ad®@3Qropwismwltherreactosi wgeBOYbdkiiENh G0 ttp® dnd tAOBYCHIECNNover 15
m nut es. Exanple 22 25 ~I,n§as solvent . . .. . B --COH 30 0 ~ MAR Q002
- 39 In a atHlienh Afabounmbdmidaqur 3@e Fund SHSIACone  dhe Fedhux AFTRAFWT SIOBEY on (

2"76 ol ) 58 e B erkERRlps ST, g wia gy Pt L9803 B0

(5 M} was sadifi@dotandids téacmmdanted40 @nfrediattSpharuntexoersmalhe mvowatwasf t he
reaction mxture was added to W?{e,r, S %ét'raﬁltﬁg into dichl o({orrpt ane and
then dried 8%3d ey forgturthes d f 31ih ReAdginiop Radiseased REnowpd 19 @2 N and

filtered th"r&)‘f'xg;b mef(mgﬁ%m iR theddRRPRF offhe 1. 2. 2t ri phenyl vi nyl bor oni c

acid was identitied by HPL Waters 600E) under the follow ng conditions:

Al luma C18, 5 micron. 4.b rmx 2~ cmcolum, ~ = 23U nm 'nm/mn using
80io CH CN,20~u HOtp 10U~~ CH over 15 minutes |U Exanple, 23 O.0OH B.
'S -1 oM I nTHS STt ButS W aurm CrQQE 8 TR Athees Fes A ok T bor on
{ 131 ng; 146 ,feaRid hl:?rdgfiaﬁ(aﬂﬁm dhe Grbstdre ves38l sBlled Shdliesstidliwith 2 dr@h 10601
ng; 2.90 nmmol ) and 4..~ 20 di nethyl-2-iodo-2-cycl ohexenone (240 ny; 0.960
mol ) i n ldr ¥PAEDN selitind pf praducs el dédtered dnte tai 5 hireddistillation Artkewmigeargomr e
(23-25Q) tar 2.5 days. A snall. anount. of the reaction. m xtur e i |.uted
Wi th NeOH aREpsHafy B Py e jn AR ERNigR vy Piots aRehastich vt Ry L e
the additi onll@fedabRe@o] asdMeepania spaaklyWhicedd. Wascdmtamdd filirads @sret he
correspondi ng vinyl borate, thus providing evidence for the formation of the
vi nyl bor oni &agtonaid gndesiredused pressaze, pppallnag 2rk ki wisih ath thecydane distitled tb. B0 o~

- 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) Tetrahydr iboron (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 sohd (3 43 g. 71%).

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

30



0O 7 MAR 2002 - ~lc~ 1In a Schlenk tube under nitrogen, a sol Lﬁ)?omﬁmz
tetrahydraxydi boron ( 121 ng; | .35 mmol)) Pt(PPh3)a (42 ny; W.!0 )
“and mans- 4- phenyl - 3-buten-2-one ( 127 nmg, 0.869 mvol|l 5 in dry nMF (5 )
was seal ed and stirred at 40C tar 18 hgurs. A small anount of the reaction
m xture was diluted with MeCH and anal’ysed by GC before addi ng excess

pi nacol. GC analysis after the addition of pina~ol showed a new peak which

or the. tor BEVBRAD £ nEStAeh PaB S of T Rar e R a0 T o

syntuesis using one base i5 0" /-, \""-~; \r-~\, ., ~ . In a Schlenk

tube under ntzrogen, a mxture of tetrahydroxydiboron ( 119 ng), 20
PdC1=( dppt ~TarekNdimeg3lamino)diboes (Aéral §.22KMol3 wWagswrredyin ige-guld wawsr Y4Gamb

1-iodo- 3,4 net hyl enedi oxybenzene (229 0. 923. N t ry 5m)
was seal ed Uhef® ﬁ’i‘tﬁ %ggﬁmﬁﬁcézegtcpfl?eggatgc? h’f&"%““ﬁ"@e@”éﬂ Og 1§'r¥¥ﬁ%13‘(~munt of
the reactisop ofh XidiE GNP 1 Q0@ Horb riiaf) . add¥d ViAGLs9Engd Wienptie G0lANNBEkkane and
then dried over MySGa. GC anal ysis showed the reaction to have gone to

conpl et i on. stisgdesolution. hy nuestyrecemperatarecslawly resede tlit orandicrelingevasaecrpased ed at

40C for ~' .5 h . After cooling,to roomtenperatu Q) 4.1 adoacet ophenone
(226 ng; U. @d%ﬁ”@“‘\ﬂgg’ th‘a&gc?ag’nta GG g:gi?rﬁ%eﬁgrﬁge%ﬁ réncgﬁeﬁeg@ﬁ:&t. room
t enper at ur ereafdnathixhife Andhe DG IngHath GRS I 0C YO THBM P uiRERHs Srifr8EMt thé iced as ti
unsymmetrtcal biaryl and unreacted 4-i odoacet ophenone by GO Ms. 30 ~, ~ple

26 Q 7 NMARaRO®2LS nyms afien they additiqeasamplete, she sphid flerpdiafoandseished witls i n

this exampl e wer.e,.anal ysed b . i i.on), attar, conversion of tile
bor ont - 08, Ge Bl BEMRENIoRY aP1a (b i of CpBF bhdd Bl 1 B B R Bt
earned out Pis475,IBIHt i THEs MBRFIAWasQsell Withddt frber p@atdatien) sol ution with
ptnacol (80-90 mg mO0.25 m diethyl ether) for 30-60 mns. This solution

was then treated with nore diethyl ether aizd extracted 3 tines with water
and the ethg%ﬁéﬁgition (1-1.5 m) dried with 1vigSO, before injection into
the gc or g ) sel ection of reaction solutions were also anal ysc;d b~~
hpl ¢ (neat, MdOH a¢ sslventacti on sol uti ons were used) and the presence of the
ar~~|l boragnic acid 30 was confirned by spiking with an authentic sanple.
Formatiodof --- ~ ,OH 15 OH Pal | adi um cat ajyst s

R /
o~ Vg
!

‘0>:/ \OH

In a Schlenk tube under nitrogen, a mixtre ot tetrahydroxydiboron (104 mg; 1.16 mmol).
20 [1,1'-bis(diphenylphosphino)ferrocene]dichloropalladium(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 em 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 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.



20 1. 134 nys (1.5 mine!) of tetrahydroxydi boron. 26 ng of

Pdd z(dppt ). CFt=Cl ~ and 415 ng (3 mmof) K~-CG in a reactﬂ-ynm\R%ﬂ?nder
nitrogen were treated with 273 ng ( 1.10 mne!)

1-i odo- 3. 4- net hyf enedi oxybenzene in 5 mM dry nethanol at 25 C wth
stirring. On analysing the reaction soltion by gc titter G h, the

1-i odo- 3. 4nechyl enedi oxybenzene had all been consuned and the required

aryl borontr acic! had ?5 formed This was confirned by hplc. Sone

bt s( pi nacol Fhejdvier sutivasvalaiso aoliged vndd thinfollbeingaondidosaiilimatdidt 5t he
reaction soluytion still s:ontained sone tetrahydrox~~di boron On the bans of
the gc anal ygrrgn(%ﬁéerlr@bieecdﬁeas} T ReD Bodmt/min upnedQi GHGEN Wa!i’soéﬁal |

(ratio of 1. I [ | 8). 30 2
135 s ( 1. 4008 EREN BHE 15 el Ak ok sk s} 34 o8 unilh £7)

P~Cl, [ ( C~HSbaE&Hoﬁ1EB(Mmc15r)|d dftante ddddiommpt (sGmeamhgnul nidRrial o the Feaagdd on
tube under. nitrogen were treated with 244 (0 98 mmol )

1-t odo- 3. 4- ﬁ%@%?ﬂ%ﬁéﬁ?@%?ﬁéﬁggﬂénmﬁr@eﬁﬂnﬂrW‘Hﬁmhanol at 25C with stirring.
On anal ysing the reaction solution by gc after 68 h, sone

1-i odo- 3, 4- net hyl enedi oxybenzene and tetrahydroxydiboron (idenafred via the
S bi s(pinac: ol ata)di boron deriv ativel were present ~n the reaction
solution together with sane 1, 3- benzodroxol e-5-boronic acid, identified by
hpl ¢ and algéﬂﬂﬁiehe gc as the pinarolar~ ester. No biaryl was observed but
sonme dehal oggyatdsQBIveht t he 1-iodo- 3, 4net hvl enedi oxvbenzene to

1. 3-benzodi oxol e had occurred. 10 3, 134 ngs |1.5 mmol ) at
tetrahydﬂ@xydiboron 25 ng of PdCl ~[ (C~HS)=P¢REI, ) aP(C~HS) ,~ and 413 ng (3
mmol) K, CO; in a reaction cube under;/ nrtrogen were treated with 256 ng
{1.03 mmol ) 1-iodo-3.4- nethylenedroxybenzeﬁe in5mM dry nethanol at 25C
with stirring. On anal ysing the reégylon sofytion by gc alter 68 h, sone

1-i ado- 3. 4- net hyl enedi oxybenzene an tetrahy roxydi boron (identified via
the 15 bis(pinacolato)diboron derivative) were present in the reaction

sol ution. [ acr ified
by hplc and a g%ﬂ%}‘rlfqpﬁéj&%tgr é@?é‘gﬂ ggnn@?tggeéjf %$y§r0§6+)8?§ eﬁ‘tg )ar yl
had formed Bd@.(dppe. cde,h:al (ogmamoas ntfiol} [IEOAc (31(30ng'3 %rmmhw)%edu@mybanzene
to 1, 3-benzodi oxol e was al sg observed 20 4. 134 mﬁ 1.5 mol ) of

t et r ahydr ox§8ihstspesioxybenzsae (452 megci L )mﬁ(vcfwgg( I-‘l@ﬁsgﬂ]eé!r?dldmgefhg (3
rnmol ) Ki ly th 243 ng
(0.98 rrm)IC)Omlzmrk(:)3%rr ?ﬁddr?%&#@ﬁmgl oxy {ep'ntzréea(rerg&lpn“@ll;rg \Ja'é ﬁﬁﬁ@&jw anol at 25C
with stirri @%C@*H@]&‘Hgéﬁddngroi.rmglmsaﬁiw ﬁncmbeﬂmﬂranklysegcbqum (W&eh, sane

1-i oda- 3, 4- | i edi b t et d di b dentified
Lhe s < B M b Fa U B LOFE O At B 231 SoLirie & B0, o
sol ution.0The ML ﬂQP%QOWH ENs0% ng%@p%' en%r@qa%nnn,a%c gﬁa% .ﬁ.g@&“ Aied

directly by hplc and also0 Iin the gc a a8 the te e Sone
bi aryl had ﬁl@]orrpdalawais <stmemeaﬂethia2®gmmﬁsr oﬂrﬂdatontdﬁauthenuc 1,3-benzodioxole-5-

li ado- 3, 4- | en d|o benzene to 1. 3-benzodi al so observed. 30
5. 134 ngs 9’0 ‘“r?ﬁ’g‘ ot feﬁ‘ét“r“éﬂ‘&‘ﬂ?‘b%}ﬂo‘iﬂwﬁ'& Y Pﬁ’idﬂ'dsr the SEPECqniisions — - pg)
and -1' ' ? corlfrrhed/E: 4RAQi2siIN zﬁ'\?l mrd ac'@ fetd tohﬂeda reaction tube under
narogen were treated with 256 ng ( 1.E)3 mmol)

1-i odo- 3, 4- net hyl enedt oxybenzen a in 5 m dry nmet hanol at 25C wuh stirring.
On anal ysj:-ng the reaction solution by gc at'ter 18 h, the nmain product was
1. 3- benzodroxole 5boronic acid, identified as the pinacol ate ester
derivative, Ekaasitiler with the biaryl. 5 Dehal ogenation of the

1-i odo- 3. 4- net hyl enedi oxybenzene to 1, 3-benzod~oxol e was al so observed R o
i odo or di b&FER MeHH was found in the reaction solution. 6. 132 nys (
1.5 mmol ) of tetrahydroxydi boron. 27 ng of Pd(CH, COY)~ and 42E7 nma 10 (3
mmol) K, CO in a reaction tube under nitroge Hvere treated with 25U m (1.
U1l mol 1-iodo-3, 4-nethyl enedi oxybenzZene 5 m dry methanol at 25C with
sttrr~ng.. On anal ysing the reactro@'Sol dh by gc after 18 h, the main

pr oduct Wﬁ% 1, 3- benzodi oxol e- 5boroﬁ+§ acrd Yoflentified as the pinacol ate
ester derrvatrve t oget her woh sone biaryl (ratio of
3-benzodi oxol e- 5-'boroni ¢ aci d pinacol ate ester derivative to biaryl
uncorrected for tid 15 response, was 3.9 : 1. Dehal ogenation of the

| -i odo- 3, 4- et hyl enedi oxybenzene to 1,3 benzodi oxol e was al so observed. No
i odo or diboron conpound was found in the reaction solution Platinum
catalyst ~o 134 ngs (1.5 mmof) of tetrahydroxydi boron) 24 ng of

Pt Ch[ P(C~Hs) 3J~ and 412 ng (3 mmol) K~CO3 in a reaction tube under nitrogen
were treated with 250 g (1. ()1 mml) 1iodo-3,4-nethyl enedi oxybenzene m
5 n1 dry nethanol at '' SC mnth strrrtn5 Cn analysrng the reaction solution

Y T o a ~ o o



2> ident~tied as the pinacol ate ester dertvatave) had fot Tned S@%
but 1-iodo-3,4 nethyl enedi oxybenzene and di boron conpound mer@7o ﬁmid by
gc mthe reaction solution. 30 0 7 MAR 2002 1\'ickel catalyst |34 ngs

1.5 mmol } of tetrahydroxydi baron, 27 n%hgf Ni Cl: (dpptj and 417 ng (3 nnnl)
h~CO in a reaction tube under nurogen~Were treated wth 252 ny (1.02 nmol )
1-iodo 5 3, 4-nethyl enedi oxybenzene in 5 mM dry nethanol at 25C with
stirring. On analysing the reaction solution by gc after 18 h, the nain
product was 1 3- benzodioxole-~-b ronic aci d. identified as the pinacolate

ester deri V g%mgtu?gﬁéégr nﬂ ﬁ’iﬁ&lure%t }Cltliaf‘l)l(ﬁoﬁjg IQS’HEOLF% heosi ned

unr eact ed a enzo e was al so tou e reaction

m Xt ure. Fdohedpptc@H ALy 26 rﬂg’i&) mJZSm(no[b KB)AmrBlQ nngBtléUmmbiydmd)kwﬁobbﬁon 27
ny of CoCI (dpp ) and 284 ”%té‘i 2 mol K~CO, @d gacti on tu nder
ni trogen wermeethylengedionywinggne 223 wg: {QZHFS“Q’MS‘I‘W ipi d> 1) was seale Undét

3, 4- met hyl enedi oxyb i t On
anal ysi ng f e ‘igsag’{‘ﬁ?gﬁ?@gi‘&p |é(;rf16pbly84goérsa tgeﬁ?ﬂqémﬁ?“ étgtﬁce\‘\éakponsrtnlxwrb Was
1. 3- benzodi @@l withtOH@N £1.acfitlgred dfwughfglassl fiame filkee pmanand)hmﬂ\ese@by &PLC

derivative, had forned. !~1o biary ;l I-iodo@? 45 dio benzene,
di bor on conyBas GORE) anderithy f—’:’“ﬂ?wﬂigbé’ﬁ Hetso £orhex (‘,I EBYSHIBY Y in

e ' eact  on 50) uki oy, AR EHETO4ECA ExFRD AT P b CHEEN: 10% oo 55

~. 0: ~OH U teacti o solutiond’in thi s exanple were
anal ysed by rg;ﬁutei |'n1eq;ememt6 D niratwaridendfivie s . Bbendodioneletfobamic agadiatierspeci es
into their pinacolate ester derivatives as, descri eﬁj rr'l) Eﬁﬁ{@l e 30 26. 0
7 MAR 20030 addition of authentic material to the reaction solution an ysis by under the

same conditions.

Example 4
15 DMSO as solvent

20 In a Schlenk tube under nitrogen, a mixture of tetrahydroxydiboron (152 mg; 1.70 mmol),
PdCl,(dppt).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,0 10 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 atter
addition of authentic material to the reaction solution and analysis by HPLC under the
same conditions.
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Usi ng h, POa as base 136 ngs (1.5 mmol) of tetrahydroxydi boron, ng of
Pdd 2(dppt). CH~Cl ,and 340 mg ( 1. 5 nmol) K3PO~ in a readti MR QBB? under
nitrogen were treated with 259 ng ( 1.04 mmol)

1-i odo- 3, 4- net hyl enedi oxybenzene tn 5 m dry nmethanol at 25C for 17 h with
i stirring. On analysing the reaction2folution by gc the main product was
found to br |, 3benzodi oxol e-5-boronic acid, identified in the gc through
its pinacol ester derivative . The only ot her peaks in the gc, besides
starting material, were two peaks both approx. 4 ~% of the area o! the
mai n produc egk .whi ch were assigned by retention tinme to |I.3benzodi oxol e
and the bia » Usi ng C~HSOP( O) (ONa) ~. HxO as base 136 ngs ( 1.5 nmol)
tit tetrahyphvxyédiddimen. 2~ ng of PdCl~(dppt). CH-Cl= and 472 ng (? nmol)
C-HSOP(O) (ONa) =. H=Oin a reaction tube under nitrogen were treated with
2-t9 ng (I.00 mml) 1-iodo-3, 4- nethybenedlgféﬁenzene in5m dry nethanol
for 17 h at |5 25C with stirring. qm<anaLy§|ng the reaction solution by gc
the main product tvas round to be 3chnzod|oone 5-boroni ¢ aci d)
identified in the gc through its plﬁacol est@t derivative . The ampbunt of
biaryl formed was snmall) its peak area being only 1.5 % of that due to the

pi nacol ester derivative of the I . 3- benzodi oxol e- 5- bor oni c aci d. A smal I
amount Of i 9%%%1,9&@4& A iR GEnE O AIROE (BF m®.1.46 ymoly, 2
D,;;, - an ester derivative of an ary oronlc

acid in a onw@(dppﬁ) EHOLap7 m&SG Oﬁ‘gsnnﬁol) K Oo(286 ofg; 26Q1r mimpljraost yeibtheB dn. 364

et o) eeb SR e mt Pagas el i v BaTaS S PR el E oo

|- coda-3. 4. ieigrel 0o By DOORANGndhy St i el AP Gs Bffed Wil 20 25C wi L

stirring. T the reaction so utlonater extraction 7 MAR 2002
-46 into et ﬁblgCHﬂdi,Ouaﬂteredghmugmolmttmrc fikermtapérraad anakpsed By pHRAKS(Watets ar eas of

greater than ese were identifi edb retention tinmes as the required
aryl bor oni cagéi) g%rt E‘T’ f(@'am&te Iftonsp; rﬁé@ogﬂlgf’ﬂi ‘gér“b‘ﬁ Xy nc Hm%éa and
1, 3- benzodi Oxﬁ(ﬁmﬁamﬁm% l@l‘)eg2 g'uv N%ot%hﬁ é%@g@ﬁ@nl&ew Km‘rl}?esa?he

descrl bed in fT7on of pl nacol ), the area of S the
bi s( pi naclsl aﬂak)adﬂt&?lrmms pxaaldenufu:d@asléidbdmocﬁﬂxdm-ﬁ}mronh@cm @tebaedditeh ofxol e to

arylboronlcaldester k area r t|or ant to within

exper i nent af"t W‘Srma[@?égpp%ér%“wo ition agg ?“-%S'SW ‘iFFfmel-ﬁme Di bor oni ¢
acid (tetrapywdifaydi boron) (0.135g; 1.506 mmol ), di phenyl acetyl ene (0.196g;
1.100 mmol ) and tetrakis-triphenyl phosphi ne plati num (0.037g; 0.030 nmmol)
were placed in a Schl enk tube under an atnosphere of nitrogen. Absolute
ethanol (5 nmL, dried over 4A nol ecul ar sieve) was added under argon, and
the tube was heated at 70C with stirring for 86 hours. Pinacol was added to
convert tjoeER@n@BI6C acids to their corresponding esters,

H,O as solvent

JOH
/1"_\ //
o H—8
oSN
0 OH

In a Schlenk wbe under nitrogen, a mixwre of tetrahydroxydiboron (123 mg, 1.37 mmol).
PdCl,(dppf).CH,Cl, (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
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



20 and gc anal ysis showed the presence of unreacted di phenyl acetyl ene,
nonoboroni ¢ acid ester and di boronic acid ester) (both identified by gc

retention tinme). 26 ~ /%¥'\~HO,0s/ OB ~0O ~"~~0 .
MAR 2002 Correspondi ng reactions vver e,carrl ed out using eqLﬂNgI gAﬁc@ﬂ%unts
of other catalysts, which afsa resul f8d"in the formation of the mono and

di boronic acid conpounds (tdent~tied by gc). Qther catalysts for this
reaction include tetrakjs{triphenyl phosphine} gal | adtum cis S dichlorp

bi s(tri phergﬂogha%dﬁm@)fsll%w'ﬁaﬁ?ndqué(ﬂllry@ﬁg}?a BHuaret QY o ?aaﬁnp &G * br oo
tns(triphenylp %ggfﬁl&rngguqq.'sm @?gﬂ 505 {IA RNRIBY) PROCRIMNEEYS Akl Mrne

di chl oro (dpp um a i benzylideneacetan )p l at ~num 10 Exanpl e
30 15 For nyienoar 18 hﬁmssndemmmdi aatétt&hmdnd%lle@-—lbdramumglsl after &ddimmoml 9t of

t et rahydroxydi boron and 25 ng of Pd P( C~HS) eactl on tube under

ni trogen weldepteRasHalp YEM'OHIj"l(’ iqn gy ‘Wﬁgﬁ’f bb.‘H’ MERMESIE m5 M dr) -~
20 DMBO for. gqiflodd SOC with stirring. An aliquot of the ruction solution
was prepareg ?or ge anal ysis as described in Exanple 2b. The presence of

ci nnanyl boronic acid in the reaction solution was contirmed by gc/ns on
its ptnacol ester derivative. The reaction can also be carried out in

nmet hanol using Pdd z(dppt).CH.,Cl, as catalyst 25 13S ngs ( 1.5 mmol) of

tetrahydrom@rwéﬂ@ﬂwdnmxmﬁﬂkﬁi:s(dppt) CH Cl , ma reaction tube
under nitrogen were treated with 178 ng ( 1.0L nmol) cmanyl acetate ~n ~

m dry netHaanpledr 24 h at 50C with stlrrlng The gc on an aliquot of the
reacti on, olution, prepared for gc anal ysjs as described in Exanple 26, had
only one ?S)eak at a ,0 retention time Ionger than that of cmmanyl acetate.
The retention |[inp of this peakdo—. '—-B

e

OH
In a Schienk 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 ¢cm column. A

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

further evidence that the desired arylboronic acid had formed

Example 8

30 bH



~7 MAR 2QQ~ _.,,s _ correspond to that found for thc~ pinaro
derwatt~~e cat ['Illilal711'1 borUIlll 3C.1(1. idenutied by gg/.’erryA%mﬂz

Example 3t -- -<50. ., .i, ~, 0,4 solution of diboronic acid (U 9U
g; 1 nmmol), 1-brono-3.4-(nethyl enedi (_))g}{)benzene (U 4W g; 2 nmnol).

PdCl ~(dpptj.CH CI, (40 g) and Cs=CU, (1 2 g; 3.7 nmmol) in ncahanol 10 (10
m ) was placed under at atnosphere of nitrogen and heated at 6UC Guvith

tirring After,2 h lysis of the reaction ixt i ndi.cated t.h
T T R Bhe SR P S AR D R o B o o
product i d%dl&hﬁﬁ).éﬁ,@lb@@h%! 0.097 Ridioh) . KlOAL 68 A, 2WistAmbhanétiar ting

1- br ono- 3, 4- (net'hyl enédi oxy) benzene accounting for the remainder (9.29'0).
15 These exmombpenyletphaicahat €77 mag. d§39onmal) en aryi DMSENSurl) waestated a8¢nt hesi se
organi ¢ boroni ¢ acids.angd, that these conpqounds can be turther reacted in

o 0wt CHEeR O S R 1§ Vet SN BBIE Lo SHURB IS i SO
speci f i cagi Qe intd G cRbAEaib b hbRUhQMovel MB8R. TREEARh S LnbSa I es

ot herwi se, the word "conprise", or variations such as "conprises" or
"conpri si ngtilutediwith G ,Cvdieitesecbthdougd glaspiiyretfher paper avd analyséd by BPhé'ed i nt eger

or group of Jinte byt not .t he exclusio f of her integer or group of
i nt egers 25%?5%88@i”|“&3&n‘? i?“f’ﬁé“ga‘rof’d'\ﬁ'/f’?ﬁ' %ﬁgﬁ?@%t‘ég%t‘%ﬁg] §9MBRitY on
described hermgphn, 2niMSAeBhE LS CR,CRBDAHONG W% CPRAN! l0gaH.ORSerOtsher  t han
those specitically described. it is to be understood that the invention

i ncl udes almingge hlheaeivareplonbseamd ahddP minawpoidentifiPdas thewaeylberonic atiddyi ncl udes
all of thg %W teatures, conpositions and conpounds referred to or

i ndi cat e& ilh ‘s specification, individually or collectively, and any and
all conbinations of any two or 30 nore of said steps or features 0 7 MAR
200 . 4c~ CLAI M

Example 9

H
15 Q, - P
: ./

/

. )
N
— B
’ "\

/ | n—

HaN ) oH
In a Schlenk tube under nitrogen, a mixture of tetrahydroxydiboron (126 mg: 1.41 mmol).
PdCl.(dppt). 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 mixwre 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. 2ml/min

using 20% CH,CN : 80% H.O to 90% CH,CN:10% H,0O over 25 minutes. The new peak

3]
U

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

Exampie 10

30 . y OH



~denvauve containing at |east one boronic acid residue. 5 2.

preparing organi c boronic acid derivatives conprising reacting an organic
conmpound having a boron rcacnve site with diboronic acid in the presence of
a Goup 8-11 netal catalyst. 3. A prdd§§s t'or preparing organic boronic
acid derivatives conpristnQ reacting an 10 organi ¢ conpound having a

hal ogen or hal ogen-1ike substituent at a substitution position with

di boronic acid in the presence of a G oup 8-11 netal catalyst and a
sui t abl e base a 3 0 = |1k {-i e [

substi t ut edﬁ]vx% §%¥%‘Qt§%€coéﬂd%p§é$@nr’ gg’lﬂé@ée &?EQ%.%ERX éﬁg%@ggﬁa?c%%'rglgkgﬁ?%)'cl aim
3 wherei n t pECIAgsMICH.COMPDRd0i027 almgha OAc (F5 rg; ¥ 8k manl)amd @rtetnagy 4 0
claim 3 wherein the organic conmpound i s aletinic. G A process according to
claim5b \A/ne‘f'ebrﬁmphl@hﬁﬁl?@j)éﬁ“&iro- pgeh imiey RS (St ptas sealeslginder BtrogeRy | i c
position. .7. rQC i [ I | & nd is
B ar omat £ AEHEAAGT 55 R T8 R0 A duEh Znidl Y Eihoh AR5 TR SRR pRl
aromati c: CORNROV/HLO. FillBRHeROeHCLAR fib% fikerpaperama aafgwed By HPLIO(Wyrsone of
claine 3 to 8 wherein the Goun 8-1 1 netal catalyst is a palladi um

pl ati num) nfQOEundsr thotedipwinggoadiyens: ABUMREZ18A3 ris@Bss 648 o fi iy celsmat &i m 9
wherein the_c st _iS. | ]~ ad -k 3l & -(%%3[ sQ. .14 A
process far “ﬁé’%ﬁﬁ irn"él/rg'rngugﬁl&%céoﬁﬁpgﬁﬁ%gé‘i g@?}léor ?(\)/étclyk\llxgsﬁR %:orrprlpsolqﬁéi? eacting
an ol ef t ni cmugaNACuSONRAK Ws bBseiveg afl3. D& asihs adadendribdms the apddbanc dadbl e
bond, or an acetylenic conpound having at | east one carbon to carbon triple
bond) wi 1R @ b6fMRic acid in the presence of a Group 8-11 netal catalyst
such that a borontc 5 acid residue is introduced on one or two of the
carbon atons of the respective double or triple band. 12 A process
according to claim1l | conprising reacting an ol etinic organic conpound
having at |east one carbon to carbon double bond with diboranic acid in the

1. Use of diboronic acid in the preparation of an organic borﬁg mmﬁo
r g r

10 presenc €& oup 8-11 nmetal catalyst such that a boronic; acid
residue is introduced at each of the carbon atons of the doubl e bond.
PCH3
/?’——_'\\ /
N
V= OH
‘OCH4

In a Schienk tube under nitrogen. a mixture of tetrahydroxydiboron (120 mg; 1.34 mmot).

20 PdCl,(dppf).CH.CI, (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. filiered 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,0 to 90% CH,CN.10% H,0 over 25 minutes. A
new peak was observed at 5.65 mins and identified as the desired arylboronic acid by
LC/MS.

30



13. A process according to claim211l conprising reacting an oletinic
_conmpound having two or mare conjugated doubl e bands wtrqﬁlhggczmg acid in
the presence of a 15 Goup 8-1 1 netal catalyst such that'a r c acid
residue is introduced at the distal carbon atons participating in the
conjugation, resulting in a |loss of coijugation. i4. A process according to
claimll conprising reacting an a, ~i -unsaturated carbonyl 20 conpound with
di boronic acid in the presence of a G oup 8-11 netal such that a boronic
aci d resi dugxpmplerifr oduced at the ~3-carbon and the a, ~3-unsaturation is

| ast. 15. A process according to claimdl conprising reacting an acetylenic
conpound havi ng at | east one carbon to] carbon triple bond with diborontc
acid in the presence 25 of a Gougysg=%l netal catalyst such that a boronic

acid residue is introduced on each of on atons of the triple bond,
resulting in the triple bond becomng a .Qou| bond. 16 A process according
to any ong of ctatns 11 to 13 wherein the 0 8-11 netal 30 catalyst is a
pal | adi um” pl ati num gol d, rhodiumor nickel catalyst. ~ 7 MAR 2~ -51

17. A process according to claim 14 wherein the catalyst is a platinum
catalyst. 18. A process for preparing organic boronic acid derivatives
conpri si ng lreadthlenk mbe widef niogerc armisuundoiawihydroayvdiberon AE3gns up3 Ammob.

allylic subgtjtuti ition w 5 di nifeacid in th resence ,of a
oLV S SUOBIL bR RPRTI oA S R ool RS g 1 OB B SHERRE, 0]
boroni ¢ aci ¢hdafshk QU md 90.866 RINFERUrf ORI (81 s GhAddAnkGubE hedon Ctibe _

| eavi ng groug Is an ester group. 10 20. A process tar preparing an organic
boronec d@i 43 deyrs.vAasinuk agowprat shuvgagtienonkneg wissbiwdivathaell NGB, Bhered et i ni ¢
or gani ¢ conpound havi. | east one, carpo I b ubl Of Qr. an
acetyl eni c”gléﬁ%gﬂﬁs Hg% t?\’ i &t 8 r@%‘gtan dérv %‘5 E:yag l}))g?ﬁ (3\ gmecrg?%@ﬁ 4 ‘rjﬁ%ﬁﬁcepoglgﬁﬂ{ &n the
presence of céndidodstPZdtbaLOmB! al6 ety &h chlima, Rr-DD3EnSOLMEMin usipCiod hat a
boronic acid residue is introduceq on one or two of the carbon 15 atons of

the respect fl;@0ifi% Ho? to POHI (1 6HE0% O onep? bminiiest drneprrepavphepsarvedr gani c
bor oni c aci gt §I§{ Wﬁtiﬂﬁﬁgﬁ%ﬁ(@%%%@??gsﬁr%@iﬁ’l%% n?cgéngimtphﬁsporrpound havi ng a

| eavi ng group an ‘a ut’t on posi
15
Example 13
o OH
o -B
20 ' OH

In a Schienk tube under nitrogen, a mixwre of tetrahydroxydiboron (130 mg. 1.45 mmol).
PdCl,(dpp!).CH,Cl1, (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 at 40°C for 18 hours. A small amount of the reaction mixture was diluted with
CH,CN/H.O, fittered through glass fibre filter paper and analysed by HPLC (Waters
600E) under the following condiions Aliuma C18. 5 micron. 4.6 mm x 25 ¢m column. A
= 230 nm. 2ml/min using 20% CH,CN:80% H.O 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.



di boronic acid in the presence of a G oup 8-11 netal catalyst in a erotic
sol vent. 20 such that the | eaving group is replaced by Qépq@ﬂghﬁ aci d
‘residue. 22. A process for preparing an organic boronic aci 02 at i ve
conprising reacting an organi c conmpound having a hal ogen or hal ogen-1i ke
substituent with diboronic acid in the4presence of a Goup 8-11 netal
catal yst and a suitable base in a erotic 25 solvent. such that the hal ogen
or hal ogen-1like substituent is replaced by a boronic acid residue. 23. A
process for preparing an organic boronic acid derivatwe conprising reacting
di boronic acid with ate ol efinic organic conpound having at |east one
carbon to 30 carbon doubl e bond and an active hydrogen contai ni ng
substi t uent acetylenic 0 7 MAR 2002 :, conpound having at It,"'aSt
un ¢ ~ arbo?%&%%?ﬂéarbon triple bond and an actrve hydrogrn ~~ontatni ng
substitue:nt in the presen~;u of a Goup 8-1 |I netal catalyst, such that a
botanic acrd residue is introduced on one or t~~o0 of the carbon atons of
t he respeétive doubl e or triple bond. .5 ?:f‘ﬁ process for prrparng an
nrgam ; boront acid derivative e;oﬁprlsing\réactkﬂg ~u~ ol etinic conpound
hawy a | eaving group at an allylic subs@tutiom position and an active
hydrogen containing substrtuent with diboronrg acid in the presencC of a
Goup 8-1 1 netal catalyst, such that the | eaviomy group is substituted with
a botanic 10 acid residue. 25 A process according tci t~latm 24 wherein the
| eavi ng gr oypa Sehienk ®64 Bided hidPen, AGnxArd60BeRFdf iy dibb RN NG AN 48 MyAsl).C
botani c acid derivative conpriznﬁg reacting are | S organi c conpound havi ng
i f

a hal ogenl Oy PdRhidppericHliCke(24 mes armolangOas (¥t mee3-AY mrede#ndcont ai ni ng
substituent wt h.di barani Ld ] fbat r f

cat al yst ang\rlgéﬁ 021 ﬂﬁq}egﬁleg&ﬁ?s%%&s}tﬁjc%mtﬂ’g‘? Btlxﬁgg'ﬂfglggge(r?qgl “%'g %lgeéna-hfl FE%@A A
substi t uent 405C $a+0ist hdukd. @dsvdl it dncainb et the tedicieoni eixhas iwadsl dilded 2 7th AH ,GNgHY0.C

bot ani ¢ acrd derivative prepared accordi ngf to any one of clainms 2 to 26. 28

A process f diltersdvipagh elpssdibimitieipapir ga ealysiby dHiL C¥awH QORLUIEBEEI ng an
or gani ¢ bot 3Lt hRhl- AlINECRE ORI o Prf] £58%fleolch) 120 Hodan ©
conpound ? avinhg a hal'ogen or Hal o€en-l'i ke subShtuent dt a ‘coupl’i ng

posi tion i3 2kivenipsiagno%s CHICNIZEF QLD B-100 ZNEHAIN oaéral 5ainuRdA acw peilabhe

base ~9 A "one pot" process tp~r_7ovalentlg coupl i ng orﬂ?nic conpounds
conpri si ng PBEetedig 8-4§ mins and identitied as the arylboronic acid by LC/MS.

In a Schlenk 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 (S ml) was sealed under nitrogen
and stirred at 40°C for 18 hours. A small amount of the reaction mixwre 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



07 MAR2 _;; (i) morbann conpound having a hal ogen or hal ogen-Di ke;
‘substituc:nt, (ii) an oletini~ conpound, or (iii) an acetyl ﬁ?c’%ﬁ%ﬂ%nd i
wi th di boronic acid under conditions sufficient to forman organic boronic
a~~d cferivativr, rracting the organi c boronic acid derivative iii .r~tu
with an organic corrpound havi ng a hdl 6gen or hal ogen-1ike substituent at a
coupling posiuon in the presence 1 i) of a Goup 8-11 netal catalyst and a
suitable base to forma direct bond bcaween the coupling position and a
carbon at opndihen Hee(bO\gfaM&S(bobmFScPla%,tpti“’@lse%dﬂ'&‘#hlol theexteciiidahe sHetidor oni ¢

acrd residue,is P Q ims 2 to
19 wherei nmﬁlre‘S %g%gg‘géb‘ P%w %‘ﬂ‘d‘ S({g%%ﬁe 8™ aﬁq%gﬁgﬂgg?éﬁcscgﬁggooﬁ Hl%%fr%goﬁr%ocess
accordi ng ppcammsone of clains 2 to 19 wherein the organic conpound has one
or nore subsutuents which are reactive with organonetal lic conmpounds. ?0 32
A process according to any one of clains 18 to 26 wherein the G oup 8-11
nmetal catalyst is a palladiumor platinumcatalyst. 33. A process according
to any one of clains 18 to 21, or 23 to 25 wherein the G oup 8-11 netal
catalyst is a platinumcatalyst. 3.1 rl process a~~ording to any one of
clainms Z? or 26 wherein the Goup 81 1 fll~t~ll catalyst is a palladium
catal yst 35 A process according to any one of claims 2 to 26 or 28 to 34
wherein the, ghkon ,0 is conducted at a tenperature between -Z0 and 80C
0 7 MAR oﬁzﬁgﬂ—% A process according toogl aim35 wherein the reaction
is conducted at a tenperature betweerr=15 amd 40 C. 37. A process according
to any orae of clains 3 to 10, 22 or 26,7 WPereln the suitable base is

sel ect ed% rozen cyani des and car bonates of ‘[ai_,, Na) K) Rb, Cs, ammoni um and
the group 2 netals My, Ca, & Ba, the alkali netal phosphates and tl ~e
phosphate esters and their al koxi des and phenoxi des, thallium hydroxi de,

al kyl ant r xzoni um hydroxi des and fluorides. 38. A process accor di ng to any

one of clajns.2,1Q 26 wherein the organi.c c ou kedto
2o 1 dsulbr b WL BB 8 B AR T ERTRS ey R 2 et
wherein t hpd@lrcda@ﬂ) (CHLO,‘LC{M fg20i0d9 dendly, HONE(263 nik; Q012Ymﬁ16£)rand 40 A
functionali seé prepared in accor dance with HE)ﬂf‘ocess of claim 39.

41 An dﬁgahﬁnaltrbﬁmqsnmabmsdanmvé@qmgs(ép%mml)fm am Mh@ dgolp wesseslestt i ng of :
2- bt oy SR SR RE G R g UPTsn B B s rein U MRS B o
aci d, CH,CN/H,0. filtered through glass fibre filier 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, 2mi/min using 20% CH,CN:80% H,0O to 100% CH,CN over 15 minutes The
20 peak at 1.87 mins was identified as phenylboronic acid after addition of authentic matenial

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

O
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30 Inadry Schlenk wbe fitted with a magnetic surrer and flushed with argon were placed 3-



4:(2- Hydr o~yet hoxy) phenyl boroni e aci d, 3-1' henoxyphenyl boroni c_ aci d,
“4- Br onp- 3- net hyl phenyl boroni ¢ aci d, 07 MAR 2002
3. 3-Di nei t ~yl - 6- oxocycl ohexene- 1-boroni c acid, 3-Oxo-1-phenyl but-1-boronic
acid, and 2, 6- D nmet hoxypyridi ne-3-boronic acid. 42. A "one pot" process
according to claim29 wherein the ol éfinic conpound has :. |eaving group in
an allylic position, such that during fom-ation, of the organic boron~c

| eavin i s,substitute <ic acid

asi due,  4310HodonE SO PRV Bie” 3 PBDRFT niF S BRI OIS aci d est er

conprisin i.ng. i viRt-hndi | i _in the presence
of m; Crr ngf)@%ﬁlh{]ﬁ%ﬁgﬁ& Bﬁgﬂ{%' %ﬂ%wé@sﬁggg‘: 3@? w;ﬂr)]lg’s@ﬁh(gppr opri ate

al cohol 44. tefroperegidsorapddidmid) (56 mg.dl. 67 dBnoidsir fellowshhydd g ppetiogmo| e

al cohol is a diol, 4~ A process according.to any one of _clains 1) 2, 3,
18, 20, 21, M the Wké%ﬂedzéh“gﬁ‘af@%’ﬁrﬁgt"é{ B frwﬁf@l prsh é‘i??gef\oﬁ“@“ ¥l bed
w th referepe . ; Yoo koY1 11RO

" A A S DR TGO AR N UG EUATEIRAY R AR e Bl 1R

. A@6 A. AA. Apdper. A.6DimARoRy-pyrikling Absvedic AdARs. identiSied AS a Arodb@byA. EMS.

ALKENE EXAMPLES

10 Example 18
MeOH as solvent

15 ~ 2 HO
In a Schlenk tube under nitrogen. a mixtwre of tetrahydroxydiboron (82 mg: 0.91 mmol),
PdCl.(dppt).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,

20 extracted into dichloromethane and then dried over MgSQ,. 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 ¢m column. A
= 230 nm, 2ml/min using 80% CH,CN:20% H,0. The new peak observed at 1.96 mins

was identified as 1,2.2-triphenvivinylboronic acid by LC/MS.

25 The reaction selution was also analysed under the following conditions. Alluma C18. 5
micron. 4.6 mm x 15 ¢cm column. A = 230 nm, 2mbzmun using 20% CH,CN.80% H.O
100% CH,CN over 15 minutes. The 1.2.2-triphenyivinytboronie acid appeared at 9 93

mins under these conditions
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In a Schlenk tube under nitrogen, a mixrure of tetrahydroxydiboron (120 mg, 1.33 mmol).
PdCl,(dppt).CH,Cl, (23 mg; 0.028 mmol), KOAc (267 mg, 2 72 mmol) and
bromotriphenylethytene (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 o dichloromethane and then dried over MgSO, This reaction
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1 10% micron, 4.6 mm x 25 cm column, A = 230 nm. 2ml/min using 80% CH,CN:20% H.,O to

100% CH,CN over 15 minutes.

Exampie 22

25 H,0 as solvent
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5 extracted into dichloromethane and then dried over MgSO,. This reaction solution was

diluted with CH,CN and filtered through glass fibre filter paper The 1.2.2-

triphenylvinylboronic acid was identified by HPLC (Waters 600E) under the tollowing

conditions: Alluma C18, 5 micron. 4.6 mm x 25 ¢m column, A = 230 nm. 2ml/min using

80% CH,CN:20% H,O to 100% CH,CN over 15 minutes

10

o—0

15 OH

In a Schlenk tube under nitrogen. a mixwre of tetrahydroxydiboron (131 mg: 1.46 mmol),
PdCl,(dppt). 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 mi) was sealed
and stirred at room temperature (23-25°C) for 2.5 days. A small amount of the reaction
mixwre 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
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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 identfied

as the corresponding vinylborate. thus providing evidence tor the tormation of the

vinylboronic acid initially.

15

T T
o= Nt Y-k
o’ CH,

In a Schlenk tube under nirrogen. a mixture of tetrahydroxydiboron (119 mg).

20 PdCl,(dpph).CH,CL, (23 mg; 0.028 mmotl), K.CO, (389 mg; 2.81 mmol) and 1-iodo-3,4-
methylenedioxybenzene (229 mg; 0.923 mmol) in dry MeOH (5 mi) was sealed under
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 MgS0O,. GC analysis showed

the reaction to have gone to completion. Water (1 ml) was added and the reaction mixture

JRN)
wn

was heated at 40°C tor 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 temperawure. After 18 h GC analysis showed two major peaks identified as the

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

30 Example 26
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10 was confirmed by spiking with an authenuc sample.

Formation of

— LOH
AN /
15 O TP
. e \

ST OH

Paladium 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

(8]
wh

formed This was confirmed by hplc. Some bis(pinacolato)diboron was also observed in
the ge indicative that the reaction solution still contained some tetrahydroxvdiboron 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 tetrahydroxvdiboron. 24 mg of
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20 4. 134 mgs (1.5 mmol) of tetrahydroxydiboron, 25 mg of
PdCl,[(C¢H;),P(CH,);P(C(H;).} 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
m! 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 mam product
was 1,3-benzodioxole-5-boronic acid, identitied directly by hplc and also in the gc and

ge/ms as the pinacolate ester. Some biaryl had formed and some dehalogenation ot the 1-

iodo-3,4-methylenedioxybenzene to 1.3-benzodioxole was also observed.

30 5. 134 mgs (1 5 mmol) ot tetrahydroxydiboron. 52 mg of Pd/C (10 % Pd) and 422
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| mgai3 movg) 16O, i1 2 @aruugogibgarder NUBgE Wig treated with 256 mg (1.03

mmol) 1-iodo-3.4-methylenedioxybenzene in 5 ml dry methanol at 25°C with stirnng. On
analysing the reaction solution by gc after 18 h, the main product was 1,3-benzodioxole-5-
boronic acid, identified as the pinacolate ester derivative, together with the biaryi.
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.

0. 132 mgs (1.5 mmol) of tetrahydroxydiboron. 27 mg of Pd(CH,CO,), and 420 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 ge after 18 h, the main product was 1,3-benzodioxole-5-
boronic acid. identified as the pinacolate ester derivative, together with some biaryl (ratio
of 3-benzodioxole-5-boronic acid pinacolate ester derivative to biaryl . uncorrected for fid
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 tound in the reaction

solution
Platinum catalyst

134 mgs (1.5 mmol) of tetrahvdroxydiboron, 24 mg of PtCL|P(C,H;),}, and 412 mg (3
mmol) K,CO,in a reaction tube under nitrogen were treated with 250 mg (1.01 mmol) 1-
10do-3,4-methylenedioxybenzene 1n 5 ml dry methanol at 25°C with stirring. On
analysing the reaction solution by ge after 18 h, some 1,3-benzodioxole-5-boronic acid.
identified as the pinacolate ester dervative, had formed. No biaryl but 1-iode-3,4-
methylenedioxybenzene and diboron compound were observed by ge tn the reaction

solution.

-@
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134 mgs (1.5 mmol) of tetrahydroxydibaron. 27 mg of NiCl,(dppf) and 417 mg (3 mmol)
K,CO,in a reaction tube under nitrogen were treated with 252 mg (1.02 mmol) 1-iodo-

5 3.4-methylenedioxybenzene in 5 ml dry methanol at 25°C with stirring.  On analysing the
reaction solution by gc atter 18 h, the main product was 1.3-benzodioxole-3-boronic acid.
identitied as the pinacolate ester derivative. No biaryl had formed. A little diboron
compound remained unreacted and some 1,3-benzodioxole was also found in the reaction
mixture.

10
Cobalt catalyst

135 mgs (1.5 mmol) of tetrahvdroxydiboron, 27 mg of CoCl,(dppf) and 284 mg (2 mmot)
K,CO,in a reaction tube under nitrogen were treated with 261 mg (1.05 mmol) 1-iodo-
15 3,4-methylenedioxybenzene in 5 ml dry methanol at 25°C with surnng. On analysing the
reaction solution by ge after 22 h, some 1,3-benzodioxole-5-boronic acid, identitied 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 ge 1n the reaction solution.

Example 27

Formation of

using other bases.

The reaction solutions in this example were analysed by ge (fid detection) arter conversion
of the boronic acid species 1nto their pinacolate ester derivatives as described 1in Example
30 26.
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10% " & () 1!} sing K,PO, as base
136 mgs (1.5 mmol) of tetrahydroxydiboron, 26 mg of PdCl,(dppf). CH.Cl, and 340 mg
(1.5 mmol) K;PQ, in a reaction tube under mtrogen were treated with 259 mg (1.04

mmol) 1-iodo-3,4-methylenedioxybenzene 1n 5 mi dry methanol at 25°C for 17 h with

n

stirrtng.  On analysing the reaction solution by ge the main product was found to be 1.3-
benzodioxole-5-boronic acid. identified in the ge through its pinacol ester derivatve . The
only other peaks 1n the ge, besides starting material, were two peaks both approx. 4 % of
the area of the main product peak which were assigned by retention time to 1.3-
benzodioxole and the biaryl.
10
Using C;H-.OP(0)(ONa),.H,O as base
136 mgs (1.5 mmol) of tetrahydroxydiboron. 25 mg of PdCl.(dppt). CH,Cl, and 472 mg (2
mmol) C,H;OP(O)(ONa),.H.O n 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 solution 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 ot 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

Exam 2
25 o g T

Formation of an ester denivative of an aryiboronic acid 1n a one-pot reaction. 133 mgs
(1.5 mmol) of tetrahydroxydiboron. 364 mg (3 mmol) pinacol, 25 mg of

30 PdCl(dppt). CH,Cl,and 283 mg (2 mmol) K,CO, in a reaction tube under nitrogen were
treated with 249 mg (1.00 mmol) 1-10do-3.4-methylenedioxybenzene in 5 ml dry

methanol tor 17 h at 25°C with stirmng. The ge of the reaction solution after extraction
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and these were identified by retention times as the required arylboronic acid ester (area 67

%), bis(pinacolato)diboron (area 24 %) and 1,3-benzodioxole (area 5 %). Applying the
same gc sample work-up as described in Example 26 (i.e. addition of pinacol), the area ot
5 the bis(pinacolato)diboron peak increased to 27 % but the 1,3-benzodioxole to arylboronic

acid ester peak area ratio remained constant to within experimental error.

Example 29
10 7 & TN N N
\_k“ =_)
/B H B—OH
HO j ~OH /
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
4A molecular sieve) was added under argon, and the tube was heated at 70°C with stirring
for 86 hours. Pinacol was added 1o 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).
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C.orrespondmg reactions were carried out using equivalent amounts of other catalysts.
which also resulted in the formauon of the mono and diboronic acid compounds (1dentified
by gc). Other catalysts for this reaction include tetrakis(triphenylphosphine)palladivm. ¢is-
5 dichloro bis(triphenylphosphine)platinum, tris(dibenzylideneacetone)dipalladium, bromo
tris(iriphenylphosphine)gold, chloro tris(triphenylphosphine)rhodium, dichloro (dppf)

palladium and bis(dibenzylideneacetone)platinum.

10 Example 30

Formation ot o . _OH

15

from cinnamyl acetate.

134 mgs (1.5 mmol) of tetrahydroxydiboron and 25 mg of Pd[P(C,H;),], in a reaction
tube under nitrogen were treated with 184 mg (1.04 mmot) cinnamyl acetate i 5 ml dry

20 DMSO for 2 h at 50°C with stirring. An aliquot of the reaction solution was prepared for
gc analysis as described in Example 26. The presence of cinnamyl boronic acid in the

reaction solution was confirmed by ge/ms on its pinacol ester derivative.
The reaction can also be carried out in methanol using PdCl,(dppt).CH,CI, as catalyst

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) cinnamy! acetate 1n 3
ml dry methano) for 24 h at 50°C with stirring.  The gc on an aliquot of the reaction

solution, prepared tor gc analysis as described in Example 26, had only one peak at a

L
<

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



110%"& ()-|-@!10% " & ()-|-gG+4@! 10% " & ()-|-@! 10% " & ()-| - 7%820']2
110%"& ()-|-#3@' @' 10%"& ()-|-@!10%"& ()-|-@!10% " & ()-|-hL+
110%"& ()-|-@!10%"& ()-|-@!10%"& ()-|-@!10%"& ()-|- @

110% "& ()-|-#3@!' @!10% " & ()-|-y]=@"'!10% "/ " 1090%$9& ()-/"1090%$9&" ()-"
 @0%®3$9& ()-310 "10 "10 "@!10% "& {9~ | -#3@! z">y] =@
110% "/ " 1099%$9& ()-/"1090$9& ()-) ?x0,"/"1090$9& ()-/"1099%$9& ()-/"1090$9&" (
)-# ()*uY=y] =@
10761 LOUBSBS b 10MIBECn At (3 AP | BRAEf ) - " 1099998
- * P <= =y] =

110% "/ " 10Re$s! fy) gd/thd09®$9&' () -) ?x0, "/ " 1090$9&' ()-/"1090%$9& ()-/"10903$9& (
) - @l QRSTuY=y] =@ :
110% "/ " 1090$9& () -/"1090$9& ()-) ?x0, "/ " INIWS9& ()-/"1090$9& ()-/"1090$9& (
) - TWYZ[\ ] S . 7
110% "/"1 )-) ?x0, "/ " 1090$9&' ()-/"10%$9& ()-/"1090%$9& ()-/"1090$9&" (
) -] ~abcAnl By] =@ o
110% ") ?x0, "/ " 1090$9&' ()-/"1090%$9&" ()-/"1090$9& ()-/"1090%$9& ()-/"1090$9&" (
)-npszd: y] =@ ©
1109 ?x0, "/ " 1099%$9& ()-/"1090%$9&' ()-/"1090%$9& ()-/"1090$9& ()-/"1090%$9& () -
pF*/ " 1099%$9& () -x) ?x0, "/ "1090$9& ()-/"1099$9& ()-/"1090$9& ()-/"1090$9& () -
/" 10993$98A olutadir ¢ diDOHO & 1 X0 20 21 0HRBAK' I-projrdxDd-{methPRBEORK vihensént 090$9& () -
/" 1099%$9& ().n/ " 1090$9&" () -} aA*["1099$9& (/" 1090%9& ()-L"1099$9& ()-)?x0,"/"
1099$9& ((S’-“))O ﬁ@g’/ﬂg%i%ﬂ&/':( RSB ¢ 54?15):’&’?1 '@ég}gézﬁ&oﬁéw’&ﬂkW-mwtﬁmgmg&' ()-
&) ?x0, 1d "(1§% dldcel u k@SOS A& sphete ' W P T 26050 " 1099$9&' ()
o i ouks e f{?ﬁ? R e ()~ 7 éhf%%@%ﬁ?%%ﬁ%%%g %tgé-@pgf‘??'hl" find e ()-) 2x0, "
/" 1090$9 & fey -2/hird, e aigsis pt fhe TOHBORI () re iNdIOMEIRB(rnan Sl ABEPLd()t-a9: <abkK3/ "
8"10938" & ()-"10938" & ()-£8-10938" & ()-"1098" & . () -..f .
(1098" & (‘é") 'BHBS(E‘?“S‘%‘?%%%%%%)@S“TU&)@‘ B’)‘/’ﬁ“‘ioéﬁ%“&“t §s tge arydgorgnicyacid gogr &' () -
sWI/ " " 1098 16y (with th ¥rtike (1L br8mdH /B (fethylencliti@) tendehe Scob@iBiedfof theFA dexX@ " 8" 1
00" & () 1 1 g A S B iU s RbBie ol e 0%a & () -
1098" & ( reddiady&9.2%)) - " 1098" & () -
.SWI/MTA1098" & () -"1098" & ()-8"1098" & ()-"1098"& ()-8"1098" & ()-./0123DMwC/
"S5 1098 & ()- 1098"& ()- f ,1098"& ()-Z72103"103"103""1098" & ()-8WNW [ :dd "
, 3" 109 Feg éx)améles deRoArdte (Ha dib'bF&x‘%@rz?e'i'dTe?ah(t)e-us@cPt%Os%ihééiJe)%éan}@%'é§i'c( )- F
1098" & () -zt; <=>K|] obU4/" "y109%8" & ()- 10S 10S 10S "S2I'10% & () -
, S2! 10% 3tidgafd thacthest @o@paurdy < bestutibesiestgd) inZkhlkwit| the fokhation 61 kO P& () -
F*'109°3" P& () - Fy 1094 & ()-' Fy "10W& ()-' , @O0YB"& () -
@ 0%<3" K&aﬁgﬂbém/ "+ 109%& ()-3- 1+1109%93"qg& ()-3- 6 "10%:!v& ()--
1 "10%93"q& ()-- F'10%!' & ()--!'F'10%Y& ()-Mvu4/" 3, "10%"& ()- 3,
"109 & () - 10% " & ()-310b 10b "10b y2m'10% & ()- 1y2n10%3"q& () -
f<|[:vi¥s 'hrm@xg@ﬂg%p‘e@gﬁ@tmn@ﬂ theatngs \(/tpch fallow 1@ess &e(c))me)g requires

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

25 Those skilled in the art will appreciate that the invention described herein is susceptible to
variations and modifications other than those specifically described. It is to be understood
that the invention includes all such varniations and modifications. The invention also
includes al! of the steps, teatures, compositions and compounds reterred to or indicated in
this specitication. individually or collectively, and any and all combinations of any two or

30 more of said steps or teatures
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9. A process according to any one of claums 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.
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14. A process according to claim 11 comprising reacting an o, -unsaturated carbonyi
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 «,p-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 diboromc acid in the presence
25 of a Group 8-11 metal catatyst 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. rhodwum or nickel catalyst.
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5 diboronic acid in the presence of a Group 8-11 metal catalyst such that the leaving

group is replaced with a boronic acid residue.
19. A process according to claim 18 wherein the leaving group is an ester group.

10 20. A process for preparing an organic borontc acid derivative comprising reacting
diboronic acid with an olefinic organic compound having at least one carbon to
carbon double bond. or an acetylenic compound having 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

15 atoms of the respective double or triple bond.

21. A process for preparing an organic boronic acid derivative comprising reacting an
P 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 replaced 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 acuve hydrogen containing substituent, or an acetylenic



"10%r& ()- %®10% "t & ()-10:nt:10:nm:10: ni:
h3m' 10% ni': & ()-2234] 455|[: uT310 L&I0%"t& ()- , 10%"t& ()-07 MARi 2002 () -
110% "t & ()- '10%t& ()- s10%"t& ()-55556c66{Z9uT310 s3!'10%"t& ()-
110% "t & ()- "010%"t& ()- sQI1+10%!"& ()-"! " 1+10%44& ()-°
YMl0% "t & ()-67~7_7 7a707t77vU410 3410% & ()-( 10%"& ()-( Y% 10%
"& ()-G1ot"tiot"t10t"t 6f 10%"t& ()- ,510%"t& ()-7899999| [:vW410 f10%
& ()- F flO%& ()-F f109%& ()-F f10%U=& ()-F 3110%"& ()- 3!'10%"& ()-9 C;
; <<<| 0 0 % )- @
| 10% & G5 Jnonuig D’HME {?lti@éggl <[2r]<rt%(ﬁpr<5°7uég‘72(1)[rl\&@v&ﬁtp W §i dve Nﬁ%eéfg% 0
, ML0% & (Jnidtnidg sutis€ de Rl lﬁ)thcilprgsentmmo/ﬁbﬂ&b &) Fldmeral Ld[aIVSt suah that a boromL
(Cf,,l\/l].O%JO' U& ()-mB<E<R=/>=>@M>|[: NA410 10 1098" & ()- 1098" &
1098" & ()duqb, resifgy g I&tr(ujuac(gon oA l&‘()(t)f the %Wtcgm( gt thwg?cggog c[orNA410 10
, 1 (1098" &lfv? bcﬁ‘\F 1098" & ()- ,3% 1098"& ()- @31098"& () - #@@0%3"!&' ()-
, S @O%’B 3 @@@\BBB& [NA410 103" 103" 103" 61098" & ()- SO 1098" & () -
.1098" &5() - @Q-F1098"& ()- ,*T1098" & ()-B"B+BBBBB|[: NA410 10 0sS10% " & () -
SS10% & (}: F1096& () - S1004& ()- *,10%& ( 2, %
10%#& () - ¥BBBCY CLIsFTs: NARFERRING 8 ”IEW#&?"( grue & darpvpiee gyropr '5"”81'(9@’6?'&?(‘)’

109%6& lefV
1098’ 8 ! /?ﬁcié&)@”‘ﬁ’%ﬁ&%“k%ﬁ Ll %@g %"@ﬁgéﬁ%&f T”‘mzuo 10
F1' 1 10%#& ()- au’Ne]Jﬁ)Hzﬁ#c&eﬁ)entfunft@%#&n@mt W&IO%&‘O(IDL aci@) i@ HOPMENCY of a
' 10%#& () - HHHHHHHHM vU410 Ss10% ™ - 0% "& ()- 109 & ()- s$10%
"8 ()- 310#10# U@ﬂicﬁwﬁtwhm {“F%IJ‘!?KKM '[eavfﬂm@up Isgsupsutgd With a boaqig " & () -
10% " % ag,lgfy ﬁﬁ Y gFf'lO% & ()- 10% " & () - KCLLLLM*M [ : vU410
I10% &() f%%] ;:&() ,)10% " & ()- &10% " & () - @/@10%"&'()- @le%
"& ( "MVIVANBNCNDNPNUNVU410 YYlO%M M& ()- 9%$Y10%WV M& ()-310 "10 "10
6ml0% ) - 3|\/|10% %) S1F10% - UNNNFOOOP &\é :vi410 1090V VB () -
109 M8 (’§5 1Y ROSHSE R cyng o ‘ézﬂ.ﬁb/éal rem. the IRAVHD rmgp (5311 ester group.
Y109V V&' (1) - PUPPP, QQQ [ : vU410 nlo9 M&' () - 109 WM& () -  MLO%VI WK () -
3109V M&' () - fs109M M& ()- 109V WM& ()-Q RNR{RR'SyS| [:vU410
*10%W I\/&Z(é) s@bm%hrw&;(a)mg m@mmn«) acid ddriza0¢d\doligrising redtOABMIME () - &z
109w SSTgTITY 100 oV VK / 10%\/| (VA
Y. & 10 (?\/&y()‘“g '°|\%PUJR£?A"|\€§F yng MW% ?'(Y;LEC%J&E‘?BH‘E%‘@EPJ{%( \GtYRLO | 0
10%Z&Z&' M
secroor v () "EIGERGRRY fé%‘i‘é*“‘%%%ﬁ%@ Ve poiss ?@?%-
109%Z&Z& () - 11 metal catalyst and a suitable base, such that the halogen or halogen-like

substituent is substituted with a boronic acid residue

20 27 An organic boronic actd dernivatuve prepared according to any one of claims 2 to
26.

28 A process for covalently coupling organic compounds comprising reacting an
organic boronic acid derivative according to claim 27 with an organic compound
25 having a halogen or halogen-like substituent at a coupling position in the presence

ot a Group 8-11 metal catalyst and a suitable base

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

reacting
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reacting the organic boronic acid derivative in st with an organic compound

having a halogen or halogen-like substituent at a coupling position in the presence

10 of a Group 8-11 metal catalyst and a suitable base to form a direct bond between
the coupling position and a carbon atom on the organic boronic acid derivative 1o

which the boronic acid residue 1s attached.

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

15 1N 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

catalyst is a palladium or platinum catalyst.

33, A process according to any one of claims 18 to 21. or 23 to 25 wherein the Group

8-11 metal catalyst 1s a platinum catalyst.

s
I

34 A process according to any one of claims 22 or 26 wherein the Group 8-11 metal

catalyst 1s a palladium catalyst

35 A process according to any one of claims 2 to 26 or 28 to 34 wherein the reaction

30 is conducted at a temperature between -20 and 80°C
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is selected from cyanides and carbonates of Li, Na, K, Rb, Cs, ammonium and the
group 2 metals Mg, Ca, & Ba, the alkali metal phosphates and the phosphate esters
and their alkoxides and phenoxides, thallium hydroxide, alkylammonjum hydroxides

and fluorides.

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.

40, A functionalised polymer prepared in accordance with the process of claim 39.
41.  An organic boron acid derivative selected from the group consisting of:

4'-Benzoyl[1,1'-biphenylj-4-boronic acid,
2-Methoxy-5-(roethoxycarbonyl)phenylboronic acid,
1-Oxoindane-5-boronic acid,
4-(2-Hydroxyethoxy)phenylboronic acid,
3-Phenoxyphenylboronic acid,
4-Bromo-3-methylphenylboronic acid,
3.3-Dimethyl-6-oxocyclohexene-1-boronic acid,
3-Ox0-1-phenylbut-1-boronic acid, and
2,6-Dimethoxypyridine-3-boronic acid.

42. 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 boronic

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

43 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



44,

45.
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-55.

catalyst and an appropriate alcohol
A process according to claim 43 wherein said appropriate alcohol is a diol.

A proces$ according to any one of claims 1, 2, 3, 18, 20, 21, 22, 23, 24,29 and 43

substantially as hereinbefore described with reference to any one of the examples.



