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S This i nvvo9sMs26x| ates to a process for coval ently coupli rRCTAYSINOL4S
conmpounds, in particular to s A doi g ‘Efgal ently linking aromatic

ri nge conpounds via an organobor o|1 | ﬂ te to other organic :
conmpounds. The invention also re ess for the preparation

of the organoboron internediates. 10 Processes_for form ng coval ent bonds
bet ween aromatic ring conmpounds and organic conpounds, both inter- and

i ntra- ol eCalorss RIRSCAVALBRTLY covrEiNG | ORBRIICHRAoUNDS TALIZING BIBGRON DERIGATEVES C

chem st. Many such reactions are known, each requiring its own speci al
reaction conditions, solvents, catalysts, ring activating groups etc.

Some known types of, coypling reaction i ch can involve aromatic ring
compounds. i TP Gaenting FiRies fop BrockS 10T EevAIontY QOuRIELOrBRRD SOmBAUPMS, A ki
reactions (#\Erti [ Pordoss &dé'ﬂﬁ' 1%? 3 i '5%6}0
Catal ysts pg{}l?‘f;{gi%?n | tsg‘o{:orrp e%s an ﬁr@%caﬁéé‘%?@élvn\edf I"larzég%r ni sed x}or
activati of interfiediate fo dtherdargimicvesipoundsp The gnvention alzo selates td hipsocessfor thet he
Heck reaction of .an aryl halide 20 with an aryl or vinyl halide in the
presence of PisRanation ghiligargnpbprapdntepmediates  he subj ect of intensive
study. However commerci al devel opnent of the Heck reaction has not

progressed as rapidly as could have been expect ed. Substituted bi- and

tri-aryl cobjoeessdsforrforminggoealent bonds bettvetn adoheatip ringrovagiotihdsdndoorgaic
agrochem cal industries. A great nunber of these conmpounds have been found

to possess Comp@mdsnkati inter- and iptra-molegulagyare of pantigular iapQItanee tp theFathele pe

Ful hetbici . . . :
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reaction of an, appropriate Gignard reagent, involve harsh conditions
and are not reagtiensgykich gan imwvglygtarematic ring compounds include the Grignard reaction,

Heck reactions and Suzuki reactions (N. Miyaura and A. Suzuki, Chem. Rev. 1995, 95,
2457-2483).

15 . '
Catalysts of palladiﬁm, its complexes and its salts are well recognised for activation of C-
H bonds towards coupling reactions. In this regard the Heck reaction of an aryl halide |
with an aryl or vinyl halide in the presence of palladiuin derivatives has been the subject
of intensive study. However commercial development of the Heck reaction has not

20 progressed as rapidly as could have been expected. Other Group VIII metal catalysts,

~ such as platinum, have also been used to activate such carbon bonds. Other Group VIII

metal catalysts, such as platinum, have also been used to activate such carbon bonds.

Substituted bi- and tri-aryl compounds are of great interest to the pharmaceutiéal and

25 agrochemical industries. A great number of these compounds have been found to possess
pharmaceutical activity, while others have been found to be useful herbicides. There is
also interest from the polymer industry in polymers prepared by the linking together of

aromatic ring compounds.

30 Conventional methods for covalently linking aromatic rings, such as by reaction of an

appropriate Grignard reagent, involve harsh conditions and are not suitable for aromatic
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with acti v@’(hwsa@sen cont ai ni ng substituents. Substituents vl\,/lCt%AUagg‘to?z\fg
hydr ogen atonms al so can becone involved in unwanted side reactions

| eadi ng to undesirable products. Such substituents need to be protected
prior to reaction. Boronic acid derivatives required for the Suzuk
reaction are traditionally synthesized_&hrough highly 5 reactive organo
metal lic internediates. In view of "the severity of the reaction
conditions the range of substituents which could be present during the

i nki ' . . | d bly.l.im d . ., Of
ot on odnEs pat Rk ByomEe soobinihg sis AR, SN ARE SR aciE itippe
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associated wt own coupling reactions are the high tenperatures
requi red angrdduets cSichehbstituentseed o béprotestesk prioretb ireaction. Boronie cts,

acid
| eadi ng to conpl 1 Xt whi.ch. be difficylt t te, .1 | t
o el LR SIS b o sl e T R iy
organic s %ggﬁﬁﬁb@ﬁcmmt n fgbsvi @ an aryl boron internediate in the

presence of a catal yst and a suitabl e base. 20
Accordingly the invention provides a process for covalently coupling

or gani ¢ conpounds whi ch ri ses reagting an ar Lc ring,.c d
having a halBIE oF theSPHRILR Of AIELTeacHon COBUAPR A FAEE © SpPTEeLb BHER Gouid be
posi tion w '}Hﬂ{ : horiSn 'whs COfsidUrabt Tinfte! aritl (% ke of ustful |
netal catalys s%gﬁd a suFt a gq’%%c\sﬁet.l%;gﬁsllnrﬁg en%aodfuﬁlent étﬁ% S process nay
be used to pesptiahanelis(sotvents) was restrivtdcto thoserveliicht anegenerally kxpesisive difificult to
derivative with about two equivalents of aromatic ring conpound. In this
enmbodi meni0 rR@o¥e and/PRiPXir oceeds in two steps. In the first step the
di boron derivative "reacts with about one equivalent of aromatic ring
conpound in the presence of the Goup . VIII netal catalyst and suitable
base to for nD#er diffibditiescassocidted withitie knowrhéonblifg) réantiensrarel thet high tempegatirest he
fb ith th i ni i ' '
85}32?,22?, ° reggigedwand the lack of control ot tﬁgﬁlln\ét?(l)faﬂtty gfr the rpcr)o%tctls? lera{i{r]xg to complex\/\D
PCT/ AUo8/ 0024 Rtures which can be difficult to separate.
15 S
It has now been found that coupling of aromatic ring compounds to other organic
compounds can be achieved via an arylboron intermediate in the presence of a Group VIII

metal catalyst and a suitable base.

20 Accordingly the invention provides a process for covalently coupling organic compounds
which comprises reacting an aromatic ring compound having a halogen or halogen-like
substituent at a ring coupling position with a diboron derivative in the presence of a Group
VIII metal catalyst and a suitable base.

25 In one embodiment this process may be used to prepare a symmetrical product by reacting
the diboron derivative with about two equivalents of aromatic ring compound. In this
embodiment the coupling proceeds in two steps. In the first step the diboron derivative
reacts with about one equivalent of aromatic ring compound in the presence of the Group
VIII metal catalyst and suitable base to form an arylboron intermediate, which

30 intermediate reacts in the presence of base with the remaining equivalent of aromatic ring



-3- . compound. According to this enbodi nent the coval ent coupling
conpri ses VO 98/48265t bond between ring coupling positi onPCIVAUIS00245

nol ecul es of aromatic ring conpound. Preferably the suitable base used
to catalyse the reaction with the boron derivative is also 5 able to

catal yse the coupling of the arylboron internmediate to the remaining

aromatic conpound. However, if necessary, a stronger ‘base can be added
after the formation of t he aryl bor om® fnter medi ate to catal yse the
coupling reaction. The process according to the invention also all ows

the preparation of unsynmmetrical 10 products. Accordingly in another
enbodi ment cémpdundi rAceording ta this-embaslimpens\theieovalenp coupling comptisgs aeovalesht | y

coupl i ng organj c .conpqQunds i ch .conprises: .reacting an
aromati o r i e ORABGH0R SRR RORBPHLE 98 nnleralenaf #rpmatic HRE epmBeid. o

a ring coupling position with a diboron derivative in the presence of a
Goup VIl 15 catal yst and a suitable base to forman aryl boron

i nt er medi at Preferatily the suitable base usadztotcatalyse the mastidnowitin therhozomdetivative i$ also an

or gani ¢ caonpound havi ng a hal ogen, or . hal ogen-1i ke, substituent at
2 oupl i ng BBIEite FeAIYSR teitouplinEseh e arylborornsepmogiats o he remalnin gignasc |
catalyst an . SHneddieir§ Ly AbREah be ol SRFIR fimafiof BEP! o
20 to ??‘l@p@rﬂgéﬁ?éﬁgﬁbound %’ asdl gct‘:’ on getam)é/eaen t he respe(():t |Bve
coupl i ng the arylborominterinediate.to catalyse thecopplimgereactimror ding to this

enbodi nent all ows the preparation of unsymretri cal conpounds when the
organi c conpound is different fromthe aromatic ring conpound, 25 although

symetri cal s eRE6h | | ' same
s he |0 286 BAuEtSaiblind'h G0 dyelith dibo PRI TR AERT MEmitellEl 3T
conduct t1ee ppoduess sAccordingly rig hrothert emboidiment of sl imvemtivnatherelieprovidedrayprocessn

i nternedi ate, however it has been found that the presence of unreacted

di boron 30 desayalentiy coupling preanic.compgunds WRIChCOmMPTISEY step, resulting in
the formati on of unwanted by- - WD 98/ 45265
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reacting an aromatic ring compound having a halogen or halogen-like substituent at

a ring coupling position with a diboron derivative in the presence of a Group VIII

15 catalyst and a suitable base to form an arylboron intermediate, and

reacting the arylboron intermediate with an organic compound having a halogen or

halogen-like substituent at a coupling position in the presence of a Group VIII

metal catalyst and a suitable base, whereby the aromatic ring compound is coupled
20 - to the organic compound via a direct bond between the respective coupling

positions.

The process according to this embodiment allows the preparation of unsymmetrical
compounds when the organic compound is different from the aromatic ring compound,
25 although symmetrical products will be obtained if the organic compound is the same as the

aromatic ring compound.

It is especially convenient to conduct the process in a single pot without isolation of the
arylboron intermediate, however it has been found that the presence of unreacted diboron

30 derivative can interfere with the coupling step, resulting in the formation of unwanted by-



products. Accordingly in another enbodi ment of the present invention

there is provi a process for covalently coupling organi S
whi ch conpwpégégﬂg reacting an aronmatic ring conpgg:gg\q{g@%g a

hal ogen or hal ogen-|ike substituent at a ring coupling position
with a diboron derivative in the presence of a Goup VIII met al
catal yst and a suitable base to forman aryl boron internediate, 10

adding water and a suitable base to decénpose excess diboron derivative,
reacting the aryl boron internediate with an organi c conpound having a

hal ogen or hal ogen-1i ke substituent at a coupling position in
t he presengﬁogﬁc@ Goup VIIT nmetal catalyst and a suitabl e base,
whereby the& aromatic ring conpound is coupled 15 to the organic

conmpound via a direct bond between respective coupling positions.
Preferably the reaction i '

possi bi o | cAetiagd izgoter abuiimatof e feRratiziion e 1 BoF et mriress
coupling stgnp. ' csc(?ﬁgﬂﬂ ieas: Si NQI t it i
preferred tﬁgtcof%ee a%gﬁgg%g%%) e orrgggsgﬁicﬁrebogﬂipgg?séﬁl ggr ?vg?i vlet [ 15820

suitable for catalysing the coupling reaction. In this case there is no
need to add further base with the or‘ggni.c C ound

in the.coupl in

Ei eacti on. ) Tedcting ¥ asgmafic ringsompound haupg a qgg?rﬂ{/bagﬁ%lége '(Wgw at

erivative but t ; éﬂﬁ} ; ; ' f
the sensitivity g?in g%ﬁ%@?’%@nﬁon v(gltt%,a%&gttl Eer ' ﬂggtllg?{s%rgéépﬁgﬁggggﬁwn
di boron deri vat i etalrestalyst airico sqitablechasy toafibutint amarylbloror intermedidtesi ng agent s
following the formation of the arylboron intermediate. Accordingly in
a further embodinent there is provided a process for covalently coupling
organic %”p"“”dquiﬁn%%é}%ﬂﬁ 'l sifible bagk to decom%o e excess diboron derivative,
-5- reactl an aronmatic ring conpou d5 havi ng a hal ogen or
hal ogen-1ike substituent at

reacting the arylboron intermediate with an organic compound having 4 halogen or
-halogen-like substituent at a coupling position in the presence of a Group VIII
metal catalyst and a suitable base, whereby the aromatic ring compound is coupled

15 to the organic compound via a direct bond between respective coupling positions.

Preferably the reaction is conducted in a single pot, although it is possible to isolate the
arylboron intermediate prior to the final coupling step. If the reaction is conducted in a
single pot it is preferred that the base added to decompose the diboron derivative is

20 suitable for catalysing the coupling reaction. In this case there is no need to add further

base with the organic compound in the coupling reaction.

In cases where there is a need to remove excess diboron derivative but the use of water
and/or base is deleterious because of the sensitivity of substituents, etc, or other factors
25 the excess diboron derivative may be decomposed by addition of mild oxidising agents

following the formation of the arylboron intermediate.

Accordingly in a further embodiment there is provided a process for covalently coupling
organic compounds which comprises:
30 '



a ring coupling position with a diboron derivative in the presence of a
G oup VI Iwoo9smszésnet al catal yst and a suitable base to for RCIAURBPOMSr on

i nt er medi at e; adding a mld oxidising agent to deconpose excess

di beron derivative; reacting the arylboron internediate with an

or gani ¢ conpound havi ng a hal ogen or hal ogen-1i ke substituent at a
coupling position in the presence ofaaé?oup VI netal catal yst and

a suitabl e base whereby the aromatic ri“ng conpound i s coupled to the
organi ¢ conmpound via a direct bond between respective coupling positions.

The m | d oxidising agent may, be any co ungd i gh will break.the B:B hond
of the di boron de3ctingaAnaEomatic Hpg E‘ﬁ“?@gﬁg?"Wr OZERAT, qggng}lggaﬁgbsumenl% at
bor on-'car bon bo . ' s S ' W $IIng
roent s ar 2N onriBagtoupfife Bo4iOR 4R d AbSFANFhhive fHiné BiisEndd dfts Gidu PIIT

chl orami ne-T, chh&sladsdiyst Bnd A-saitdble biseita foine an aryibaton lihtermediate;

5, 5-di net hyl hydantoi n, trichloroi socyanuric acid and dichl oroi socyanuric
acid potassiumsalt. xi dants such as hydrogen peroxi de, ozone, brom ne,
t-butyl hydropergxi de t assl: L UGS 0 Ld.€ and

per aci ds,y are tc?gég’tgrdowgﬁ G mﬁ\éﬁ%ﬁ&ﬁﬁﬁb%&%@%&é@%ﬁ%@éﬁ%@ (fsét?irvgfﬁgé’oxi dant s
does not formpart of this invention. The term"aromatic ring
conpound(s)" as used herein refers to any conpound which inclydes or

consists of one reactingrtbe arythrson intermegiate, Witk Rigaric compaundriaying # halogen ohe

carbocyclic or heterogyclic.. an . . . ' AT .
Eanpl o of suj tiAEERTIkeubssRRR AL o ingORigBh i e € of 1 ThoB¥ VI ™

bi phenyl, ter phegyy czﬂﬂ?&%ﬁ hSsithble bas wherteby the dr6inanididp compbiuihisanapled
1- benzyl napht hal ene, ant hracene, di hydroant hracene, benzant hracene,

di benzant@r aceneto thé:erganicrrompennd vises giressdong petween sespactiiecoppling pesitiens.

3- phenyl pyri di ne, thiophene, benzothi ophene, napht hot hi ophene, thi anthrene,
furan, pyrene, isobenzofuram chronene, xanthene, phenoxathiin, pyrrole,

i m dazol e, Pyt af1Q! dxidising agent may be any compound which will break the B-B bond of the
pyrazine, pyrimdine, pyridazine, indole, indolizine, isoindole, purine,
qui nol i ne, diborpni derivaties byttwhich isziot strong emanghito beeakdhorerrgarbpn donds efi thei ne,

ot azol e laagoR BmIEdA o AL R sitisie Seened S Thltprcp iy BRGEA
opt i onal lyy &Mgﬁ%ﬁg&’ﬁﬁﬁ?gﬁgasﬁ ShIBanfne e Ichfoririie-B OT@Rldrsttiglole, 118 dictioro-
Cro es,

nol ecul es, an nol écu such as polyners, copolyners = | .
' 5,5-dimethylhydantoin, trichloroisocyanuric acid and dichloroisocyanuric acid potassium

salt.

Oxidants such as hydrogen peroxide, ozone, bromine, t-butyl hydroperoxide, potassium
20 persulphate, sodium hypochlorite and peracids, are too strong for use in this process; use

of strong oxidants does not form part of this invention.

The term "aromatic ring compound(s)" as used herein refers to any compound which
includes or consists of one or more aromatic or pseudoaromatic rings. The rings may be
25 carbocyclic or heterocyclic, and may be mono or polycyclic ring systems. Examples of
suitable rings include but are not limited to benzene, biphenyl, terphenyl, quaterphenyl,
naphﬁﬂme, tetrahydronaphthalene, 1-benzylnaphthalene, anthracene, dihydroanthracene,
benzanthracene, dibenzanthracene, phenanthracene, perylene, pyridine, 4-phenylpyridine,
3-phenylpyridine, thiophene, benzothiophene, naphthothiophene, thianthrene, furan,

30 pyrene, isobenzofuram, chromene, xanthene, phenoxathiin, pyrrole, imidazole, pyrazole,
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and dendrinmers which include or consist of one or nore aromatic or
pseudoaromati ¢,.rings. The term "pseudoaromatic" refers to apk m
which is nWP9§’t454‘3t |y aromatic, but which is stablized by ng%%%g?/ﬂ&ﬁ?
del ocal i zation of [err] electrons and behaves in a siml|ar manner to
aromatic rings. Exanples of pseudoaromatic rings include but are not
limted to furan, thiophene, pyrrole and the |ike. As used herein the
term "organi c conpound having a hal oge$ -or hal ogen-1i ke substituent at a
coupling position" refers to any organi c conpound having a carbon to

hal ogen or carbon to hal ogen-1|i ke substituent bond at a position where

coupt i ng 1 ke potRAdifie,yHdaARETIAUGIE, indoliARs " Séinddlbep@tinéa auoliggpound may

be al i phati‘C, nic, aromatic, polyneric or dendritic. The conpound may

be an ar onHsdquincling, philgiazine) quinoxatine, quinageling, pteridine; canbaznlercaghplimeonat i ¢
ring conpound. The organi.c conpound.may have one ot re referabl .
bet neon | eI JERIDE, RPGUBIPITE, BOGUAS, Fiaraies SopBiple: pfenskazine
POSI LI ONS. ong KR k& AEN BP{nﬁ{cgfq@"b iongilf bhdtifat&D "R RSm "RfoSRAAET €i n
refer to any organic conpoun ving at |'east one carbon to carbon double
bond whi ch dotnpound(srincladessmolecules; tand macrqpalechlesasuchnas polymensecopolyraers

ol efinic conmpounds may be selected from.optionally substituted straight
chai n, br aridedendrimersvhich ncpudeor congis Q@Eeﬁmwmﬁ’sﬂﬁgNOm&w%gs'
macr onol ec G r [ Wi [ i t one
carbon to ggl?%tg%ﬂdgﬁgﬁgong. @ﬁ%‘ﬁg‘f ggmgfwg%%%ﬁh%éfsﬁﬁd%%%%ﬁg

i ncl ude but which ifsthblizediby aneahs of télpeatizatiorpoiop gleetrens dnd behaeasdn asimilae ene,
pent - 1-ene, pent-2-ene, cyclopentepe, .1-net hyl pent:2-en ex-1-e :

hex- 2- ene, MWannesie ﬁ%{m%§‘96¥%ﬁei:é‘ﬁ’é‘Ppeﬁé’§P§g‘§°é%€Fwﬁéﬁ’tg§ é‘lci‘}fgl’“ﬁ@fﬁ n‘iﬁgﬂléed
oct-1-en ck - 2- o -1-ene, non4-ene, dec- 1-ene,

dec- 3- engp %u@géﬁ?l@g%l}eg%’eﬁﬂg(g%?g@?ﬂﬂ%l ene, cycl openta-1, 4-di ene,

hex- 1, 4- di ene, -7-

cycl ohexa-1 , 3-di ene, cyclohexa-1 ,4-diene, cyclohepta- 3,5:.triene and
cycl ooct a- 1Aswsesl hereinithe texmn OrEaBi ¢PIROURH ﬁawnéahagg%eﬁr i}‘éx‘?éﬁ'i}i"% 8§§EH°BE ed.
Preferably the aj 2 ' j | en 2
and 20 cay b Spye Ok eferd WP Gigalle opBoid FavEE S c80A B fllogdl 4

N one e e‘organl ¢ conpound I's an
ol efi ni ¢ copzBe b Bflogenrlilte sabstituent bond at a position where coupling to the pemdtic ring

15 compound is desired. The organic compbund may be aliphatic, olefinic, aromatic,
polymeric or dendritic. The compOunﬂ may be an aromatic ring compound as defined
above or part of such an aromatic ring compound. The organic compound may have one
or more, preferably between 1 and 6, halogen or halogen-like substituents at coupling
positions. |

20
The terms "olefinic" and "olefinic compound" as used herein refer to any organic
compound having at least one carbon to carbon double bond which is not part of an
aromatic or pseudo aromatic system. The olefinic compounds may be selected from
optionally substituted straight chain, branched or cyclic alkenes; and molecules, monomers

25 and macromolecules such as polymers and dendrimers, which include at least one carbon
to carbon double bond. Examples of suitable olefinic compounds include but are not

limited to ethylene, propylene, but-1-ene, but-2-ene, pent-1-ene, pent-2-ene, |
cyclopentene, 1-methylpent-2-ene, hex-1-ene, hex-2-ene, hex-3-ene, cyclohexene, hept-1-
ene, hept-2-ene, hept-3-ene, oct-1-ene, oct-2-ene, cyclooctene, non-1-ene, non-4-ene, dec-

30 1-ene, dec-3-ene, buta-1,3-diene, penta-1,4-diene, cyclopenta-1,4-diene, hex-1,diene,
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where R, Rerr] and R err] are each independently selected from al kyl,
al kenyl , albwsmb26saryl, heteroaryl, acyl, arylalkyl and het @FE%‘P&WKW,
each of which nay be optionally substituted: and cyano, isocyano, fornyl,
carboxyl, nitro, halo, alkoxy, alkenoxy, arylbxy, benzyl oxy, hal oal koxy,
hal oal kenyl oxy, hal oaryl oxy, nitroal kyl, nitroal kenyl, nitroal kynyl,
aryl am no, diarylam no, dibenzyl am no, ﬂlkenylacyl, al kynyl acyl, aryl acyl,
acyl am no, diacyl am no, acyl oxy, al kyl3arphonyl oxy, aryl sul phenyl oxy,

het er ocycl oxy, aryl sul phenyl, carboal koxy, carboaryl oxy, alkylthio,

benzyl thi o, acylthio, sulphonam de, sul fanyl 6 sulfo,_ carboxy &{”C'%ﬁﬁ?ﬁb
car boxy! at cdyclohexdadbdiene ceiclobzxarl dydiens; eyelohenta-153,pirien yeloocta-1,3,5,7-

A SRS G S
phosphi ni m %ﬁ:h&%@ﬁ@ﬂkeﬂ&édﬂﬂﬁ@&tﬁb&ﬁ@ A 20 caftivdraotghosphany!

phosphone (1 ncludi ng”phosphonat o) and hydr ohydr oxyphosphoryl), guani di nyl,
guani di no, ureido and ureylene, and X is a hal ogen or hal ogen-1Iike

substi t uent The term "couplin ositi.on” e ' to a
posi tion enimenesmhodimen '?’EQP%%%%@?R?“BFQW @%ﬁﬁﬁfwﬁgﬁé §f gﬁing!a;%m c
conpound is desired. A coupling position on a ring of an aromatic ring
conmpound is also referred to as a "ring coupling position". The term

"coupling position" also refers to a position_pn an organic conpound at
whi ch coupling to an aromatic ri ng\gorrpound/i'g‘ desired. Each aromati'c ring

conmpound or WO 98/ 45265 c=—=C
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organi ¢ conpound rmay have one orghore, prefer®bly between 1 and 6, coupling
posi ti onsl0 In this specification "optionally substituted® nmeans that a
group may or may not be further substituted with one or nore groups

sel ected from al kyl, al kenyl, alkynyl, aryl, halo, 5 haloal kyl,
nal oa kenyl wiapd RAREGRY RS RitidopetBERfip lectdl KOKY alkgl, B Uiyl W1y
hal o al Xy, ha

benzyl oxy, al koxy, oal keny | oaryl oxy, iSocyano, cyano,
fornyl, car heteydaryl, acyi, arylalkyli anddetdrgdryalityk, eacti édewhich naryt beceptiopally |

U RGP M M R T o,
G ot 5 SR, SUSAEN BpSkep Tl B il
di acyl ani no niteealkyngy, arylamihécydiarylarhinoy dibenyzylaminb salkenydacy ), atiynytasyle aadgely | |
e e bbb Sk, s R gY i B, RRER oy,
gﬁgg % lhg P Iu g: Cﬁ%‘g&’ﬁ#’ﬁ’é’ SHbEIRIG T caBoary xy 2 Aikyithid! bézyRAf, acylthio, sulphonamide,
sulfanyl, sulfo, carboxy (including carboxylato), carbamoyl, carboximidyl, sulfinyl,
20 sulfinimidyl, sulfinohydroximyl, sulfonimidyl, sulfondiimidyl, sulfonohydroximyl,
sulfamyl, phosphorous containing groups (including phosphinyl, phosphinimidyl,
.phosphonyl, dihydroxyphosphanyl, hydroxyphosphanyl, phosphone (including
phosphonato) and hydrohydroxyphosphoryl), guanidinyl, duanidino, ureido and ureylene,
and X is a halogen or halogen-like substituent.
25
The term "coupling position" as used herein refers to a position on an aromatic ring
compound at which coupling to an organic compound is desired. A coupling position on a
ring of an aromatic ring compound is also referred to as a "ring coupling position". The
term "coupling position" also refers to a position on an organic compound at which

30 coupling to an aromatic ring compound is desired. Each aromatic ring compound or
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groups, aIkoxysinI silyl, alkylsilyl, alkylalkoxysilyl, phenoxysilyl,

al kyl phenoxysi | 15 al koxyphenoxy silyl and aryl phenoxy sil The
aromatic rl‘%% %lﬁ?ﬁ)und must include at |east one hal ogen or Pﬁft’%‘b"’g{?oﬁs
substi t uent at aring coupling position to enable reaction with the

di boron derivative. Simlarly the organi ¢ conpound nust have at | east
one hal ogen or hal ogen-1i ke substituent at a coupling 20 position to enable
reaction with the aryl boron internedi atg. Preferred hal ogen

substituents include | and Br. C may also be used although C is generally

| ess reactive to substitution by the boron derivative or aryl boron
| nt er medi at g % ofilbifubire, prefEidBh behwiel APERupling Psit
conmpounds carg%{g ie;g%e S’ ;11 se ectlol;? %E%pérn?ate ?{gands lﬁgﬁ ] ons
Group VIl netal cat alyst. The terns "hal ogen-like substituent” and
"pseudo- 25 hallde efer, to a S pent i ch, resent on an
aromatic ri Hb ‘W Wﬂfé?‘boolm"“;%hﬂg’ﬁ‘qm Weligah %LgEH“BdB‘Ey OffERY gt be, further
t he presenc Hal

aryl boron |n errre I a eBné/H-lh}(ﬁ%Pe %?élgérﬁé@fﬁo@r nic E@q 3& X&l o
under go ssbhhloalkyl, dialoalkietryla halaaliyiyly haio:'myi myﬂaﬂqyahﬂcoxy), zgkenyl(myc m:mdngd
product. Exanpl es of hal ogen-1i lilggt ltuents include tyifl

mesyl at es, QERENEY. hAlOAKOXY, ¥ &’ AHEXY ni§ecY 2BR-Haneycierioyl, IséT ‘%‘H 'um

PCT/ AU98/ 00
Tsuj i, John allylying, diﬁlk?lanﬁﬁ@,ﬁalkdr@mhlﬁe JalRyriyiathifie /arylamino, dﬂnglamnnc,es s

accor di ng to the invention is espeC| ally suitable for coup g aromslt i C
207

ring mbsmdmnm uping o ykylimine, alk ﬁ%%‘@%rﬁ eapliging . Agylim HEANG t he

aromat i c c 1L el n
subst i tue EL’G Hﬁh relf %&rg{la]?gcrys ?gyrgfa[cm agg&%}){t u@@ﬁl\%ﬁi % h@%xy,
reactive hytil ledaiphahploxy Sagispiphenyddxys heterceybiyt, Hevszodyeloxy, heteiousdﬁaﬂnitto are
not limted to hydr 0X am no, imno, acetyleno, carboxy (including

car boxyl at o)haloémemwgﬁ}l ledsulpheny, agyisulphenyl camqalﬂcpm carbnaryloxy megrapto,

sul fi nohydrq Yy di

sul tanyl , @?M%ﬁmﬁﬁ‘k H@lnﬁi %‘yﬁ'lﬁ’% Sélg%g ?lﬁ%ﬁ§§8%h§g%¥sgﬁényg
hydr oxyphos [ERPS, au@h{asﬂvncmsn (amcduyw amylalkoxysnyp iphexdxg3ilyl, alkylphenoxysilyl,

hydr ohydr oxyphosphory allo guani di no, hydantoyl, ureido, and

ur eyl ene. lijfalkmber@amﬂylt@émpgqmm sW¥lticularly surprising that the
reacti on can be conducted wi th hydroxy and am no substi tuent s in view of
their high reactivity. Carboxyl, sulfo and the like (i.e. acidic)

substi t uent STHgtom@ee Hng céﬂﬁbﬁﬂcﬂﬁﬁét ifdede at1éast one hﬂoédﬁ&:rdﬁlﬂgen-dlik‘é isabstituens ,
the term"al kyl", used either alone or in conpound words_ such as

" al keny| oxy datiaing coupling pesitien to engbleyreagtipn avithothe ditwren derivatiy o Simidarbt the

oyel oal kyl | SeRaisporuBhRAGAEE rab Sfas find hsen SHIBIRERIIE sitfbicnr & ¥duoitng

met hyl, ebd)ositidh@s¥hablé sebficipwith thelirylborérbinketindtiates e@réfemsd halogen
substituents include I and Br. Cl may also be used although Cl is generally less reactive to

Reagents & igd"‘ nibailcft) AR NithdAITP R Bitfoar)i) hitfsheRrocyclyl, V@nﬂél 45 2by ;.

substitution by the boron derivative or aryl boron intermediate. The reactivity of chloro
substituted aromatic ring compounds can be increased by selection of appropriate ligands
on the Group VIII metal catalyst. The terms "halogen-like substituent” and “pseudo-

25 halide” refer to any substituent which, if present on an aromatic ring, may undergo
substitution with a diboron derivative in the presence of a Group VIII metal catalyst and
base to give an arylboron intermediate, or if present on an organic compound may
undergo substitution with an arylboron intermediate to give a coupled product. Examples
of halogen-like substituents include triflates and mesylates, diazonium salts, phosphates

30 and those described in Palladium Reagents & Catalysts (Innovations in Organic Synthesis



O tert-butyl, anyl, isoanyl, sec-anyl, 1,2-dinethylpropyl,
- di met hwio swaspesl , hexyl, 4- met hyl pentyl, 1-nethyl pe®CJIAU98/00245

t hyl pentyl, 3-nmethyl pentyl, 1,1-dinethylbutyl, 2,2- di met hyl but yl ,
di met hyl butyl, 1, 2-dinethyl butyl, 1,3-dinethylbutyl, 1,2,2,- .
met hyl propyl, 1,1, 2-trinethyl propyl, heptyl, 5-nethoxyhexyl,

hyl hexyl , 2 2- di net hyl pentyl, .3, 3-di net hyl pentyl, -

i met hyl pentyl , 1, 2-di net hyl pentyl? 91 3- 25 dinet hyl pentyl,

i met hyl -pentyl, 1,2,3,-trinet hyI butyI , 1,1,2-trimethyl butyl, 1,1, 3-
met hyl but yl , octyl 6- met hyl hept 1- rret_ﬁ egt%l,

3-tet b:ameTs\m,ﬁqhtyWﬂemﬁq)ﬁpns,l 5 ISBN 0-A47195483%7). 5. 6- or

hyl -octyl, 1-, 2-, 3-, 4- or 5-et hyI heptyl, 1-, 2- or 3-
propyl hexyl , decyl 1-, 2-, 3-, 4-, 5-, 6-, 7- and 8- net hyl nonyl, 1-, 2-,
3-, 4-, 5- ?he ﬁrocess ac@élﬂﬁig%ttué invéntionis especially sﬂﬂﬂﬂ@lﬁ)ﬂ dmﬁpﬁng aromaﬁecﬁdg, 1-,
2-, 3-, 4-, 5- - - or 9- 30 nethyldecyl, 1-, 2- 4-, 5-, 6- or
7- et hyl nony bompeunds whuzh hav@ac@ve Eydsegamqoptaining sqbstlmznts on the WWM§) to
PCT/ AU98/ Q0 " "
3-but yl heS §F coupled. , The ferm jactiyg hydrogen cpntainjng supstitupnt” as “se‘!s’]‘&e‘f‘ refegs 9“@
or 10- &ﬁhiéﬂfj%ﬁiéh coﬁtams% rea:?uve h?drogén atofn., EXamples 8f Sich)subetitivénts 1-,
2-, 3-, 4- - or 6- propyl nonyl , 2-, 3- or 4-butyloctyl,
1- 2- pent yl hamwemmmlithoaymemm,wmob ecetylem,w,arbwdmb@mmno- or

Cycl ohexy!, cesbreh: Groat, Sineymily S, syfkit syt iRl g,
The term a'shﬂaaﬁm@n @ﬁdﬁﬁﬁ@u il foREY¥ Ryl saaher pabépam pHospiahmdy!,

Clerr] al koxy es of ‘al koxy includée methox et hoxy, n-pr opoxy,

i sopr opox)0 phdsphbryld dﬂiydrcmyphosphmwﬁ ohyroxyphesphanyl Op osphung @mlmmgal kenyl "

d t d . f t ht. ch b hed. | K

el g ng. o PYpRBARER My OO RRPhry Aop g b eaacte: By Sty ore i g
groups as %{a e nyfhﬁéscfifi{bFﬂl’ﬁgnts Ri€ ﬁ&ﬁ@l‘aﬂy%rp@ﬁu@' thﬁrt}ié reabiGTBAESe Of

al kenyl inclu thyl vi nyl", butenyl, iso-but ecr,gar
3- et hyl - 2- eohduvydd withhydnmwlhdanmmmwmmm vigw ofahﬂehigialremm)p boxyl,

1- hexenyl, 3- exen | ohexe hept e oct enyl ,
cycl ooct enylsu Mey(c a@ﬂéfbs“?eﬂ'ﬁm 6‘@@@%%”\? decenyl, 1, 3-
but adi enyjs 1-4, pent adi enyl, 1, 3-cycl opent adi enyI 1, 3- hexadi enyl ,

1, 4- hexadi enyl, 1, 3- cyclohexadlenyl 1, 4- cyclohexadlenyl
1, 3-cycl ohedhaﬂa ghoyie, deﬁnm,oﬁs,d;le temmetallani'hnmc@ eitherdlone or ig, c@mpound words such as

Stral ght - ohaakenoavaliae, ke "%ﬁcw[z?yn " Lo Gtk FRORE Sppieh ain, O
cycl oal kyl ,g,lrxgrﬁ?d%f g f;}’d]ﬁgxgﬁéﬁﬁﬁgly d"ﬂly hoxceyao%u xaExampleﬁ oP@nsight chain

preferably hyl i"nclu e et hynyl ,
2, 3- pr opyny| andrtstaribhéd alkyl includ8 dethyl; yuhyl pragyl, 1sopr‘6ppl, butyly isehngyl; ses-butpk,

al one or I2n t(tz.xg)t[{a?l?yulngm?iO rlgoséxﬂs&lcs%c?a?nyl a{.:% cﬁmgthylpr q (ﬁmethyl—pmpyl hexyl, 4-

2
1,1
2- e
3, 3-
trime

1-ne
4, 4-
1, 4-
trinme

1,1,
7- me

t
di
di
3,
t

<

methylpentyl, 1-methylpentyl, 2-methylpentyl, 3-methylpentyl, 1,1-dimethylbutyl, 2,2-
dimethylbutyl, 3,3-dimeihylbutyl, 1,2-dimethylbutyl, 1,3-dimethylbutyl, 1,2,2,-
trimethylpropyl, 1,1,2-trimethylpropyl, heptyl, 5-methoxyhexyl, 1-methylhexyl, 2,2-
dimethylpentyl, 3,3-dimethylpentyl, 4,4-dimethyl§entyl, 1,2-dimethylpentyl, 1,3-

25 dimethylpentyl, 1,4-dimethyl-pentyl, 1,2,3,-trimethylbutyl, 1,1,2-trimethylbutyl, 1,1,3-
trimethylbutyl, octyl, 6-methylheptyl, 1-methylheptyl, 1,1,3,3-ietraxneﬂ1ylbuty1, nonyl, 1-
, 2-, 3, 4-, 5-, 6- or 7-methyl-octyl, 1-, 2-, 3-, 4- or 5-ethylheptyl, 1-, 2- or 3-
propylhexyl, decyl, 1-, 2-, 3-, 4-, 5-, 6-, 7- and 8-methylnonyl, 1-, 2-, 3-, 4-, 5- or 6-
ethyloctyl, 1-, 2-, 3- or 4-propylheptyl, undecyl, 1-, 2-, 3-, 4-, 5-, 6-, 7-, 8- or 9-

30 methyldecyl, 1-, 2-, 3-, 4-, 5-, 6- or 7-ethylnonyl, 1-, 2-, 3-, 4- or 5-propylocytl, 1-, 2-



"acyl am no" or "diacyl am no" denotes carbanoyl, aliphatic acyl group and
acyl group talnlng an aromatic ring, Wmch Is referr

aromatic aWﬁ”@g % het erocyclic ring which is referred ?%1‘9&’(19%1?10245
het erocyclic acyl, preferably (Jerr] acyl. Exanples of acyl include 30
car banoyl ; straight chain or branched al kanoyl such as fornyl, acetyl,
pr opanoyl , WO 98/ 45265

PCT/ AU98/ 00245 -10- - 011 -
but anoyl, 2-nethyl propanoyl, pentanoyl, 2, 2- dlnethylpropanoyl hexanoyl ,
hept anoyl , ‘ octanoyl nonanoyl , decanoyl undecanoyl , dodecanoyl

tri decanoyl o ﬁmﬁﬁﬁ”? englhex@p%aém,lanont 3Jr1az<asiesamyt- mgpqedecanoyl

octadecanoy cano nd 1 cosand kox carbonyl such as
met hoxycar bmﬂiyluxﬂbculx)taaz-baﬂw S-t,dau'f-ooay&-athblﬂeyyl lt,-2-53-péﬁ1 §4 endrcar bo nyI

vl obt y1 CBKESH b°”r"ayciy§é L«}%ﬁaf it %—aﬁr‘r’& pam b papies of Gyihc
| kyl sul f I if I h
gs y Slrjret ﬁgkﬂy fs#‘Ponyﬁnand e#’ﬁ%sul %40 ar oy Wasp%emwigrﬁoylsuc

and napht Sogyclopentyl| eydiolrexyl, cyulnhepxgl phelogdtpl, lepclononyd ccyglodptyd and theclikel. |
phenyl propanoyl, phenyl but anoyl, 10 phenyli sobutylyl, phenyl pentanoyl and
phenyl hexanoyl ) and napht hyl al kanoyl (e. g. naphthylacetyl,

napht hyl pro : ;

phenyl al kengiF?%Jm g. ﬁ%%@%&g@% W%Hmheny u eno %ﬁ‘u a?lﬁﬁlh%%?uﬁ’é{il ,
pheny! pent eBxumpRs ¢f plkoxy libcudsungihory,cetharyh npropo :kgerimptop(ouygnd the different
napht hyl pro enoyl napht hyl but enoyl and napht hyl pent enoyl ) ;

ar al koxycar Wlwsas phenyl al koxycar bonyl 15 (e.g. benzyl oxycarbonyl )
aryl oxyca{?bonyl such as phenoxycar bonyl and napt hyl oxycar bonyl ;

aryl oxyal Kanoyl such as phenoxyacetyl and phenoxypropi onyl;

aryl car bamoyfhegered "ﬂheri;h‘e demotey groups/formed Ylohhsteadghitichainy branvicd arzyclic alkenes
phenyl t hi ocar banoyl ; arylglyoxgloyl such as’ phenylglyoxylo§ and
napht hyl gl ydsajudipg ethylepically maona-, din OF paly-unsatgrpser alkyh arsygloalicrligroups as

napt hyl sul f r 20 -
t hi enyl acet 3’?& ?‘ff:isg gﬁ%ﬁbganoy?% au{é‘%faﬁoy : {ﬁéﬁny ybienr?@a%oy%ﬁ Zlel !
t hi enyl hex aﬁﬂéth Ivinyl,! tités0) isb-datzhyl, 3- mbm@ma;mdnyl depényényBeyclopentenyl, 1-
tetrazol yl ac I' Keterocycl I cal ke such as het er ocycl i cgro eno
het er ocyc rRY¢1OpCRIER 1 I

15 wrryglopentsnids dcdiexe: mﬂ/ cyglohexenyhel-hensenyl) 3 FR&E@I ¥1

and heterocy u y _

t hi enyl gl yof&kéggg cx'gfé&tgxh’r eﬁﬂti%ﬁ rlokc%é?{afé'x P—ki%ce ro 3 de ’§71 1and
“het er ocycl "butddi Fdl-hgfeﬁtadxeml tihBicyclopentaienyl, 1 a&heﬂﬁién)&b,fl 4-1gxad1m3€tul:ﬁ as
heterocycllcalkeno heterocycloxy or "hal oheteroc refe

aronmati c, psccygl@bem%ﬁm ;i béHyalohgxadignyhel: 3€yelphgpsadienyl, ha, g%%ﬂt L

contain atons selected fromN, S, O and P and which
may be optioﬁgﬁ’?} @%ﬁ%‘gﬁ% ‘ed. Preferably the rings or ring systens have
3 to 20 cggbon atons. The rings or

2

The term "alkynyl" denotes groups formed from straight chain, branched or cyclic alkyne
including alkyl and cycloalkyl groups as previously defined which contain a triple bond,
preferably Cp_oq alkynyl. Examples of alkynyl include ethynyl, 2,3-propynyl and 2,3- or -
3,4-butynyl.

25

The term "acyl" either alone or in compound words such as "acyloxy",

acylthio",
"acylamino" or "diacylamino" denotes carbamoyl, aliphatic acyl group and acyl group
containing an aromatic ring, which is referred to as aromatic acyl or a heterocyclic ring
which is referred to as heterocyclic acyl, preferably Cq_9q acyl. Examples of acyl include

30 carbamoyl; straight chain or branched alkanoyl such as formyl, acetyl, propanoyl,



WO 98/ 45265 '
PCT/ AU98/ O8I 9B/45265 PATYAU98/00245 | ng

systens may be sel ect.ed fromthose described above in relation to the
definition of "aromatic ring conmpound(s)". The term"aryl"™ as used

herein on its own or as part of a group such as "haloaryl"™ and 5

"aryl oxycarbonyl" refers to aromati c ang pseudo-aromatic rings or ring
systens conposed of carbon atons, optionally together with one or nore
het eroatons. Preferably the rings or ring systens have between 3 and 20

carbon atons. The rings or ri n? systens nay_ be optionally substituted
and may be $Sutageyled-m rapaneyl deentanoyb 2. &idirpethyipropanayl, &exangyl, heptanoyl,

definiti £ o N . " T , . )
be. an est or i ibanbyl d8ShyER RO, dogeapoy BfReBbS. WieiRbinpl, 0, ™
sui t abl e esbentaddcafidydiexabietatioyl] hépiadetarioylyl cotddeeddoyt, MoBadkchkdyll and icosheyd; R
S optionally substituted al kyl or optionally substituted arfllt_ or

- B( OR) [ er r] alkepyeaseonyd swpl@;amtboxycal@pwp ;ﬁmxyw ;" é,l tiulltoxycarbonyl
2o . ! |
bther di val BRvigRaEEoRw R BRI RRHaror b iy oY st L et es.

Preferred dig abﬁ%pﬁréaﬂb\sx)aﬂi, momﬁb%enﬂbeyd}b@g%amonyx Qfd eyclehexJidasigrgi;C

aci d, bis(ethanedi ol at o)di boron,” bi s(n-propa I ol at 6) di boron and

bi s( neopent atkylsutfonylspch bomethylssifonyland ethylsilfooyb ralkbxysulfonyl sxchwas| | be nore
di | bl.e t b t d ' h t ¥ f

he usy of mdtsuitorsf a3d BRERVSE il RORL Sikups ety BRiopL AFE plhie e of

the di boron ;eakintgt §ut8 a4 pREnyEKandF] (28] lkﬁehﬁraeecygm %&@Qﬁﬁ%ﬁ%@@%@px,

products formed. The di boron estef derivatives ol I ow hg.

tP he met hold gheﬁrlisobmgbrplsnylaenAtar[qyl and mmﬂmmgé) a%dénaghﬂxy;agwwg (JeLg.L.

t St . . . - R J.

B of hor t on, DAPtytacerstyGaptyilors ATyl ang GaptuaRiransyls Swlieattith a5 aver

Ch Soc. ol , obt ai ned
oo PR ) e Brgen BB By | obt i e

by reaction’o FVE[ erT], IS convérte

Br B( NMe[ er r JphErylpénténpyt eudphenplhexeroyhard naphthiybatie¢myt (eagonaphthylprBperoyl,r ] .

Eg?—f Zblgg/nologyggﬁtyy )ﬁtl:eggyl and naphthylpentenoyl); aralkoxycarbonyl such as phenylalkoxycarbonyl

15 (e.g. benzyloxycarbonyl); aryloxycarbonyl such as phenoxycarbonyl and
| napthyloxycarbonyl; aryloxyalkanoyl such as phenoxyacetyl and phenoxypropionyl;

arylcarbamoyl such as phenylcarbamoyl; arylthiocarbamoyl such as phenylthiocarbamoyl;
arylglyoxyloyl such as phenylglyoxyloyl and naphthylglyoxyloyl; arylsulfonyl such as
phenylsulfonyl and napthylsulfonyl; héterocycliccarbonyl; heterocyclicalkanoyl such as

20 thienylacetyl, thienylpropanoyl, thienylbutanoyl, thienylpentanoyl, thienylhexanoyl,
thiazolylacetyl, thiadiazolylacetyl and tetrazolylacetyl; heterocyclicalkenoyl such as
heterocyclicpropenoyl, heterocyclicbutenoyl, heterocyclicpentenoy! and
heterocyclichexenoyl; and heterocyclicglyoxyloyl such as thiazolylglyoxyloyl and
thienylglyoxyloyl.

25
The terms "heterocyclic", "heterocyclyl" and "heterocycl" as used herein on their own or
as part of a group such as "heterocyclicalkenoyl”, heterocycloxy" or "haloheterocycly!”
refer to aromatic, psendo-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

30 substituted. Preferably the rings or ring systems have 3 to 20 carbon atoms. The rings or



- 13 - toluene with sodium netal gives the diboron conpound

[ BCLNMe[ err err] which, after purification by distill aty e
react ed wpﬁh{sf‘fézél cohol (for exanple, pinacol) in the prrpgg;ehr?ggﬁg?ga
stoichionetric anmount of HO to give the desired ester product.

Bi s(neopent anedi ol at o) di boron i s descri bed by Nguyen et al [Nguyen, P.,
Lesley, G, 5 Taylor, NJ., Marder, T.B., Pickett, NL/, Oegg, W,

El segood, MR J., and Norman, N. C. r12R0organi ¢ Chem 1994, 33, 4623-24].
O her nethods for the preparation of the di boron derivatives woul d be
known to those in the art. The di boron derivatives in Exanples 1, 2 and
3 are knowng, ' ' f sdtibedfabave/in fefition to Hiecdefinition 6fS
has not been %w&eﬂggg% H?L%l Tﬁ?nttg‘?ﬁ%a oup VIl metal catalyst" as used
her ei n r ef etaomaticaringpeahpamdsphpri si ng a metal of Group VIII of the
peri odic table described in Chem cal and Engi neering News, 63(5), 27,
1985. Exanpl es of such netals include NN, Pt and Pd. Preferably the

catal yst The ﬁnp%glﬁgs B GRkedh ¥ lits SwnISR pabiest Devoay/sucH 49 MhdbaryANah@gous
catal ysts of other oup 15 VIl netals nmay al so be used. Exanples of
suitabl e Bi "argloaycesticnyl'refersieo aionlatit ahd pssado-arormaticerings asiaing systemscompesed

Conp ex el ean Spms.pnipbely igeatihione S ik SRl o ety IBL HAgE ™
conpl ex. Ex u

limted to far I [ s b

Pd( PPh[ err] 5’?@# F)FSEJEE %&%%&%ﬁf&{%—d er r%ﬁiedrn?l]g'lgg:\%er r )o?m}%rsgétﬁ [ ;n teo 4
and rel at edg ly stisstintéd-indanay be sqlected:from thhse desgitibedgbione in refationdo thesuch
as P(o-tolyl)[err], P(i-Pr ,errl,.Pc Johexyl)[err], P(o-MeOPh)[err], P(p-
MeOPh) [ er r | defapition ofy pspma e l"i‘_‘?‘ﬂ&d&'I"I\/PP, TVMSPP and rel ated wat er

sol ubl e phosphi nes), related |ligands (such as triaryl arsine,
triarylantinony, triaryl bisnmuth), phosphite |igands (such as

P(CEt ) [ er r ] ThedBoport dérivajivermay beRh@ster bobihe) ftable]derimative(af diburppicracidy and
th 25 itable Ii ds i ncl udj th taini R N f
Co- or di nat | RgaREes RE Sabieers e oP iR et tepERa B BRGSO

al kyl ‘and a%é%io@i?%bgdﬁtg&; fﬁgfnbfd@ulﬁaﬁll)zs&sﬁtgted | G/ IB(BNR),; reprds¥ts a cyclic

substituted brpyri secondary Or tertiary am nes), and
ot her si npl groupl dffdimuilmsal ts either in the presence or absence of |igands.

The pal | adi um catal ysts include pall adium and pal | adi um conpl exes _
support edl®r tethered on solid 30 sugports, such as pall adi um on carbon, as
wel | as pal | adi um bl ack, palladiumkl us¢\ers, WO 98/ 45265

PCT/ AU98/ 00245 : —B R’ -14-

pal | adi um cl usters containing otheNneta s, and palladiumin porous glass
descri bed in J. Li, A WH Muwu aml“C R Strauss, Chem cal

Communi cat i ons, 1997, pl275. The sane or different palladiumcatalysts

1) 2 e R ol SR SEe) S O AR AL g S

and/ or st g0 ilinked aliphatic or aromatic moieties. Preferred diboron derivatives include the pinacol
ester of diboronic acid, bis(ethanediolato)diboron, bis(n-propanediolato)diboron and
bis(neopentanediolato)diboron. Some of the diboron derivatives will be more readily
amenable to subsequent hydrolysis than others and may allow for the use of milder
reaction conditions. Furthermore, judicious choice of the diboron derivative used may

25 facilitate control over the reaction products formed. The diboron ester derivatives may be

made following the method of Brotherton et al. [R.J. Brotherton; A.L. McCloskey, L.L.
Peterson and H. Steinberg, J. Amer. Chem. Soc. 82, 6242 (196); R.J. Brotherton, A.L.
McCloskey, J.L. Boone and H.M. Manasevit, J. Amer. Chem. Soc. 82, 6245 (1960)]. In
this process B(NMe,),, obtained by reaction of BCl; with NHMe,, is converted to

30 BrB(NMe,), by reaction with a stoichiometric amount of BBr,. Reduction in refluxing



5 bul k. The proges med in any suitable solvent or

sol vent mwowlsﬂszdﬁxa%%f She SE&nRQ,ﬁJchsol vents include am dePCHAUVIOR4P\er
al i phati c carboxyl i c’qmw "B“ulw al i phatic secondary am nes, DVBO,
aromat i ¢ hydrocar bons, Y acetonitrile, 10 benzonitrile, ethers,
pol yethers, cyclic ethers, |ower aromatic ethers, |ower alcohols, and
their esters with the Iower aliphatic rboxylic acids, pyridine,

al kyl pyri di nes, cyclic and the | ower “secondary and tertiary am nes, and
m xtures thereof, including mxtures with ot her sol vents. 15 1n a

S0l vent - olea piRcodem Sl gbies tr SopRnBrponnd bADEad: EEE, e [over
al conol s \RsiadafiGh B Wliation, daihe3e ith he'BESHol (o RRsGble, PRAOANG the
15501 Xt u rtfcu

| sopropano es thereof wth other sol vents. larly
preferred spresenot of arstoiciometvic amointrof Hel oo giveithe desired estes productf wat er

fromthe solvents is genera), not ,essential.. The addjtion of furth
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The term" suitable base" as used herein refers to a basic conpound which,
when predént 30 in the reaction mixture, is capable of catalysing,

pronoti ng ok, assi S/ I el . -
PCT/ ALO8/ 00;2% erm dh%%p VRS hlefil cﬁiﬁ'weag used herein refers to a catalyst comprising a

reactants. fagalAGrodRS dfehepericiit fabfeddeseritied i Clitghical Snd Engineerpy News/1or e
t han one steg ependi ng on the desired outcome of the reaction. For

exanple a bé @)n%'{/,d S¢ Hexpmples offyrla megals bicludeNi; #aand Be. Faelgeably thecatalyst
ot rong anoulre BOTRRRE Fe@N: i Fesch O Wiod CHingk Kstogous Uabathll dt bt Gigop, |

5 addi ti qralvTArAsElsifay al86 be a5 UBLarfsleO b itable QNI datalpstsTinoluide nidkel blatls, case
a stronger base (and water) may be added to deconpose excess diboron
deri vati ve, Raney niekeln nigkgl on carbew andynigkeldustasd.ct i on of the aryl boron
intermediate with the organic conpound. It is also

The palladium catalyst may be a palladium complex. Examples of suitable palladium
catalysts include but are not limited to PdCl,, Pd(OAc),, PdCl,(dppf)CH,Cl,, Pd(PPh,),,
20 Pd(Ph,P(CH,),PPh,) where n is 2 to 4 and related catalysts which are complexes
phosphine ligands, (such as P(o-tolyl),, P(i-Pr);, P(cyclohexyl);, P(o-MeQPh),, P(p-
MeOPh);, dppp, dppb, TDMPP, TTMPP, TMPP, TMSPP and related water soluble
phosphines), related ligands (such as triarylarsine, triarylantimony, triarylbismuth),
phosphite ligands (such as P(OEt);, P(O-p-tolyl),, P(O-o-tolyl), and P(O-iPr),) and other
25 suitable ligands including those containing P and/or N atoms for co-ordinating to the
palladium atoms, (such as for example pyridine, alkyl and aryl substituted pyridines, 2,2'-
~ bipyridyl, alkyl substituted 2, 2'-bipyridyl and bulky secondary or tertiary amines), and
other simple palladium salts either in the presence or absence of ligands. The palladium
catalysts include palladium and palladium complexes supported or tethered on solid

30 supports, such as palladium on carbon, as well as palladium black, palladium clusters,

THIS SHEET HAS BEEN
REPLACED




preferable that a base is chosen which is soluble in the solvent to which
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cat al ysi ng5 bulkeaction of the arylboron internmediate include the stronger
bases |isted above, including 25 caesium carbonate, potassium carbonate and
al kal i get al hydroxi des. As used herein the term"aryl boron

i nt er medi at ey I ef er 3 s iftEeal
cat al ysed rg'g& PWﬁé%é'éa&eﬁeeﬁ?eg %’rnglrgg?rﬁa?&ﬂ{rl@ﬁlg cg'%rrgto%pngglvﬁgtv?l}\g a hEa 0 e%s %fr
hal ogen- | i kegzHkRskviAty Bitude! amides 0 thedowet aliphatic cirboxylierdids ard hewerraliphatic
deri vative, the product 30 including a carbon- to -boron bond,a.& the ring
(I; (C);IJ_ I/O L\ ,Ugg/ pozsegpmﬁq_ry amines, DMSQ gramatte; hydrocarbons, nitromethane, acetonitrile,

s : S : 1O~ I

anot her aggeé?nzg?lqlﬁbetpﬁVémly%tﬁerts hc c(laxc ieghef)sr’ (%c\)/\lv%}'ead’orga%cr %tg%rg,slolyée? alp? P g%lg'r ?}F]dg
an aryl bor onthejri edfery WRR itlid Powes Aliptiatit arboryliv acids, pyridiney 2ikylpyridines, icyelionaridh
an aromatic ring conmpound havi ng a_hal ogen, or hal ogen- | I Ee supsti t uent
and an act i vthelowenspeondaay, and tertiagy amings; anfomixtures ghergod, ine Ixgyres, witho b
VITT netal ca{hal %(oj\tr nd a suitable base. 5 In a further aspect of the
i nvention t h&ME ?&%vi ded a process for preparing an aryl boron
i nternediate, conprising reacting a diboron derivative with an aromatic
ri ng conpound havi ng a hal ogen or hal ogen-like substituent in a &r}}{ot I C

sol vent i ri5t fea preferser:embediment ofithe invention thepregessis Parigaped:inp Brotg splypnte

base. 10 first step.| QULIL § | f ] 1t
o formed masxBEbEhaf MABHILbEE sy ke 3t ant 16wl AoBBIE MR RERESUT ©
the use of WaHeSdolvenBisiater) @tHancle meianb), isopropanol or mixtures thereof with other

solvents. Particularly preferred solvents are ethanol and methanol. Strict exclusion of

O

water from the solvents is generally not essential. The addition of further diboron

20 derivative has been found useful when the solvents are not anhydrous.

The temperature at which each step of the process according to the invention is conducted
will depend on a number of factors including the desired rate of reaction, solubility and
reactivity of the reactants in the selected solvent, boiling point of the solvent, etc. The

25 temperature of the reaction will generally be in the range of -100 to 250°C. In a preferred
embodiment the process is performed at a temperature between 0 and 120°C, more

preferably between 0 and 80°C, and most preferably between 15 and 40°C.

The term " suitable base" as used herein refers to a basic compound which, when present

30 in the reaction mixture, is capable of catalysing, promoting or assisting reaction between
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the use of a mld oxidising agent. 15 In a further aspect of the

i nventi on woasasies prmgh ¢ for the preparation oPCEAUBN0024p, |
boronic acid includin ﬂ ng or hydrol ysing the aryl boron

i nternmedi ate as h cri bed using established procedures.

The ease of hydr ol ysi s/ hydrogenol ysis is a function of the diboronic

ester used. Sone aryl boron interppdiates are nore anmenable to
hydr ol ysi s/ hydrogenol ysi s than those derived fromthe 20 pinacol ester of
di boronic acid. This nethod only relates to aryl boron internedi ates which

are boronic esters SO, Qf ar.wl boron..i mt | Gns
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prepared accordi xtlo the present invention are listed in Tabre 2, while

some known akigh batalyses reactionchetweenshe axematic dingrecompound and: the\diboron deripativsent

i nvention are listed in Tab . . . .
PCT/ AU98/ 0 avhich is nsét (satroxllgneno%gﬂ (tao éatalyse fung' r%gééloSnzgts aryl boron intermediate with
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CONPOUND i i cofipouhd Y et Srghtut g cotpbiata, 1t
M Z M stronger basé (and watbr)r miay be added to decompose excess dif®ron derivative gl

(24'\,%e rlr D 2 4@hiclymay; 3lgo catz%l#ze r(egitfornr(}f_tﬁg ;:ylboron M“@ﬁ {vﬁ.{l % organic

compound. It is also preferable that a base is chosen which is soluble in the solvent to
which it is added. Examples of bases which are suitable for catalysing the reaction of the

10 aromatic ring compound with the diboron derivative include, aryl and alkyl carboxylates
(for example potassium acetate), fluorides, hydroxides and carbonates of Li, Na, K, Rb,
Cs, ammonium, alkylammonium, Mg, Ca, & Ba; phosphates and arylphosphates of Li,
Na, K, Rb and Cs; phosphate esters (eg. C;H;OP(O)(ONa),) of Li, Na, K, Rb and Cs;
phenoxides of Li, Na, K, Rb and Cs; alkoxides of Li, Na, K, Rb and Cs; and thallium

15 hydroxide. Some of these bases may be used in conjunction with a phase transfer reagent,

such as for example tetraalkylammonium salts or the crown ethers.

Examples of bases suitable for catalysing reaction of the aromatic ring compounds with
the diboron derivative, without generally catalysing the further reaction of the arylboron
20 intermediate, include aryl and alkyl carboxylates and phosphates of Li, Na, K, Rb, Cs,

ammonium and alkylammonium.

Examples of bases suitable for decomposing excess diboron derivative and/or catalysing
reaction of the arylboron intermediate include the stronger bases listed above, including

25 caesium carbonate, potassium carbonate and alkali metal Ihydroxides.

As used herein the term "arylboron intermediate” refers to the product of the Group VI
metal base catalysed reaction between an aromatic ring compound having a halogen or
halogen-like substituent at a ring coupling position and a diboron derivative, the product

30 including a carbon- to -boron bond at the ring coupling position.
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233 (Merr s Idther aspect of the inventionGhérk is provided a process forptéparig an(dry1Bbidn* 1)
intermediate comprising reacting a diboron derivative with an aromatic ring compound
having 2 halogen or halogen-like substituent and an active hydrogen containing substituent
in the presence of a Group VIII metal catalyst and a suitable base.

In a further aspect of the invention there is provided a process for preparing an arylboron
intermediate, comprising reacting a diboron derivative with an aromatic ring compound
having a halogén or halogen-like substituent in a protic sdlvent in the presence of a Group
VIII metal catalyst and a suitable base. |

10
A first step in the purification 6f the arylboron intermediate so formed may be the -
decomposition of any excess diboron derivative by the use of water, water and base, or by

the use of a mild oxidising agent.

" 15 In a further aspect of the invention there is provided a process for the preparation of an
aryl boronic acid including hydrogenolysing or hydrolysing the arylboron intermediate as
hereinbefore described using established procedures. The ease of
hydrolysis/hydrogenolysis is a function of the diboronic ester used. Some aryl boron
intermediates are more amenable to hydrolysis/hydrogenolysis than those derived from the

20 pinacol ester of diboronic acid. This method only relates to arylboron intermediates which

are boronic esters.

Some of the arylboron intermediates and aryl boronic acids are novel and represent a
further aspect of the present invention. Examples of such novel aryl boron intermediates

25 which may be prepared according to the present invention are listed in Table 2, while
some known arylboron intermediates prepared in accordance with the present invention are
listed in Table 1.
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process 8 hilggdnCorthaP gl ¥ubstilueat AtV ouplivig’ posioRCwhich id ehitiiciyt knked

occur between different aronatic rings bearing hal ogen or hal ogen-1ike
subst it uent $o hquigmer swrfad¢ fayrhenteagted wd aytbonen intermediate inthg resgace Pf 8ne

20l Tovalth Simil GHT Biela pl AL Rugplatess i foRorR Al proRish Dokt e Bk
other ring tfiHeRlydidt. Excess rddfieritd sdbypodices iy '@hen be washedTdvwayfro9ahé surface
according to the i'nvention is also useful for the preparation of reactive

i nt er nedi at deavingionly the eeactipaproducifon thr iswigagea rEhej coupled preduct may thesbs isplated
rearrangenents. These 25 reactive inten | at es be a Lo

i nt er medi at &Y 2ppropride ¢ ?880"%&%%{?&‘%15_"%3’95‘? @}e pﬁymgos‘ugﬁs n{r& Rgo% p 5sa'lsﬁay
take part i pogdifle UsidfPitR ﬂtferﬁdﬁ%%&lafegﬁ'dﬂl’emg!#gs%nﬁﬁaﬁﬂ Bf afifardimytic ring
boron conpounds descri bed by Myaura and Suzuki in Chem Rev. 1995, 95

2457- 248315 compednd havipg & en ot balopenylikesubstituentdinked to a pelymessugfpseowithiahe

linking of %&”r&'{ defivativedn tﬁ‘en;()jresence of a Group VIII metal catalyst and a suitable base to form

an arylboron intermediate chemically linked to the polymer surface. This intermediate may
then be reacted with an organic compouhd having a halogen or halogen-like substituent at a
coupling positiori in the presence of a Group VIII metal catalyst and a suitable base to prepare
20 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

cleaving the link to the polymer.

In accordance with the present invention it is also possible to directly functionalise the surface
25 ofa polymef, e.g. polystyrene, with a halogen or halogen-like substituent and then convert
this functionalised surface to an arylboron surface by reaction of the functionalised polymer
with a diboron derivative in the presence of a Group VIII metal catalyst and a suitable base.
The arylboron surface may then be reacted with any suitable organic compound having a
halogen or halogen-like substiﬁxent. If the aromatic ring compound contains other functional

30 groups, for example carboxylic ester, they may be used as linker groups to further extend the
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ring conpounds to organic conpounds in mld conditions and avoi ds the use

of - expensive, difficult to renove and/or toxic reagents and solvents. In
this regard boron and boron conpounds are generally non-toxic. The
reactions may al so be perforned in rel 4ve|y cheap sol vents such as

nmet hanol and ethanol and, in view of t Tnproved control over the 5
reaction steps, it is envisaged that it would be possible to performthe
reactions on an i ndustrial scale. The process also allows the |inking of
aromati c ri elemigel repctions eppliedde the polymengurfasgen substituents without the
need to protect those substituents during the reaction. The foll ow ng
exanples are provided to illustrate sone preferred enbodi nents of the 10

i nvention. K3ENEpoksible $o hrepiie pefiteyidoapduidwér dther jodymhersibygesttion of Atdmatic S
not to supersede the generality of the invention previously described,
Exanpl es  1igEompoundsthaving mpre than opghalpgemes halpgan-likesbstituentntSueh @ramatic

(9.72 g, Q 093 nol s_placed in, a.dry.25 . | & K

di et hyl eth&iPg %?ﬁ%\ﬂ?s H@Xg’ﬁ rg?féeélr ‘%&3304\%'88%8?@5’365%‘3? Qeg{nl%éia f aaé]l%y’g Vit

(di et hyl anmippQ)idédeayaand 3 saftalile bRserd ForfR|ah arylBEro ittfertn@dii habing Thée than one

magneti cal | y under argon and cooled in ice. A solution of hydrogen

chl ori de i nbdron finetionalityet Whese imermediates may be reackgd with gromagic)ringrempoundson
ressure-equal i sing dropping. funnel ,over -and the m xture | l.owed to

Rarm o oo rEm, SrpHE FAvinecBf. 1A e dbedor MHaffodind Foftpde B Bl

from th hOU Ay i ' ' t '

Sehl enk f1 adioane?, AIRNE okl Sk echtithnd sohfos of e tfliheh tr hilogetbmee

sol i d (2.HD sybstitgents mhichereastrwithn thieadiberan ideriviativet then it is ppgsible; i prerare dendritic

residual precipitate was extracted with h benzene . x 200 mM) and the
extracts m‘?@'f"ﬁ%‘r‘é‘&cﬁwgﬂ& &\"’é’&o‘feﬁs ﬁf&\?ipﬁﬁse’f‘{}lﬂ"#épnproduct (6.36 g,
total yield 74 % . The conbi ned 30 extracted products were recrystallised

from benzene/light petroleum (b.p. 60-80[err]C) to afford
' The aromatic ring compound and the organic compound may be separate molecules or may

be linked together such that the arylboron intermediate formed after reaction with the diboron

15 derivative is able to react at a coupling position located elsewhere in the molecule so as to

provide for an intramolecular reaction, such as a ring closure reaction. Similarly the process
according to the invention allows intramolecular linking to occur between different aromatic
rings bearing halogen or halogen-like substituents located at different parts of the molecule.
Reaction of one halide substituent with a diboron ester to form an arylboron intermediate

20 allows reaction of that intermediate with the halide substituent on the other ring to thereby
link the aromatic rings.

The process according to the invention is also useful for the preparation of reactive
intermediates which are capable of taking part in further reactions or rearrangements. These
25 reactive intermediates may be the aryl boron intermediates or the coupled products. The aryl
boron intermediates 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. '

30 The process according to the present invention allows the linking of aromatic rings and
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bi s(neopensgﬁgy"scﬁ%t o) di boron as col ourl ess tetrahedral pri %T/Aﬂ?s‘goous
161-162[err]C. [err]H nnr (ChCl[err]): [err] 0.95 (2 x CH,) and 3.60 ppm.
(2 x OCH err]). [err]C nnr (ebA,): 8 22.1 (2 x CH,); 31.6 (Rlerr]© and
71.5 ppm (2 x CCH err]). "B nm (CDC[err]): [err] 27.4 ppm (B-B). 5 '
Exanple 2 [err] Anhydrous et hykene glycol (9.15 nl, 0.164 nol) was
added to tetrakis(di nethyl am no) - di boron (16.24 g; O. 0820 m)l) in
anhydrous diethyl ether (170 m) contained in a 2-neck 500 round

i trogen  aroftARe ik domiifis " Gred cBrbotifs B ha SEndRARE pr A '“# Hp st of
di ethyl et exfsi!ﬂﬂ.5 difficolk tc?re%’ibv%’lan%r@mﬁa %ageh:k ah@%ol@éﬂi@d I ﬂﬁm'e‘gard boron and

pressure-e uaI I si ng dropp| ng funnel over h and the m xture al | oned t

warmto rodieraneeaseposn a’egenemllytnonrw:ng B‘hemctyms mauhdsgbttpcnfmedasmhauvdyed
f th t filtrat th

Sioter bR Ve sfoh 4 tyihino nd abellhod Vi hdus HBRR ool S the
solid (3. sl?reﬂaudehe@ﬁs,nmls Ieﬂdissgegieﬂaﬂ it We\ld tHeepd¥sibil!fd perforth WO rédclidhsSan

di nmet hyl am ne hydrochl ori de sa The residual preci p| tate was extracted 20
wi th hot bendustrial(sealg. e progeshaiso allhawsztherlmking ofi aromamlrmgnjwh\chmonmmabttvo

dryness affordin ite sol ose sho d i ndicated
't ves t he EogEd popratils WG the e 13 prifes ot PSS JEHR (1
hot benzene (60 m ) and the extract filtered and evaporat ed to dryness
affording a white solid (2.23 g) whose nnr showed indicated it was the

desired 'Hnmdu&awinghecaumlﬁsi arecproxied do ditiugtrasel some pvefeeredeemlymﬁmbnﬁssﬁdthe
fr b /i trol 60- 80 ffo
bi 2{“ Lt f G eriBn) Hasven i b tePitasd ba0 B £ fowine gespriprign igmot to supergeriso
- 859 t%l[%ﬁﬁ 4.18 | et
G:[err] I—/g IP rg | ﬁ'lot( 6‘{ er r?gﬂgldacnﬂe&:”][err] [ gng(glpnmg(ed}l[ err]).
30 Exanpl e
Examples

15 Example 1
o] 0
\ 7/
o} o)

20 Freshly distilled neopentanediol (9.72 g, 0.093 mol) was placed in a dry 250 ml Schlenk
flask, anhydrous diethyl ether (100 ml) added under argon, followed by tetrakis-
(dimethylamino)diboron (9.24 g; 0.047 mol); The mixture was stirred magnetically under
argon and cooled in ice. A solution of hydrogen chloride in dry diethyl ether (76 ml of 2.46
M, 0.187 mol) added from a pressure-equalising dropping funnel over 1 h and the mixture

25 allowed to warm to room temperature with stirring overnight. The solution wés filtered from

_the copious precipitate through a glass filter tube into a second Schlenk flask and the filtrate
evaporated to dryness affording a white solid (2.89 g, 23%) whose nmr indicated it was the
product. The residual precipitate was extracted with hot benzene (2 x 200 ml) and the extracts
filtered and gvaporated to provide further product (6.36 g, total yield 74 %). The combined

30 extracted products were recrystallised from benzene/light petroleum (b.p. 60-80°C) to afford
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Freshly distilled 1, 3-propanedi ol (10.22 g; 0.134 nol) was added to

tetraki s(dinmethyl- 5 am no)di boron (13.29 g; 0.0671 nol) in anhydrous ether
(200 M) contained in a 2-neck 500 m round bottom fl ask, under
nitrogen. The m xture was stirred magnetically under nitrogen and cool ed
in ice. A solution of hydrogen chlori a&2in dry ether (94.5 nml of 2.85 M

0. 269 nol ) added from a pressure-equalising dropping funnel over 1 h and
the m xture allowed to warmto roomtenperature. with stirri ngzoverni ght.

]:I'hfa sol uti chis(nmpentanoéilphm)dibpmm aﬁecdgwlfséemmoﬁ}gmampbyﬁb& ‘1(53’11 nmr

trat t t t

dlynégﬁ)‘fS; SR R ) and 5 of B R XOCHY fqame R F 4 3 @ghﬁ): d
: x) ,{,,gm’ ,

2%3( ppm Eﬁl[%f%@gﬂw)&{%‘?r(?g@@rr?c n C]%%S[zigfi ?Ekg@{itp_'[ (I\a/lr—|;) CH% e?p]

27.4 (CHerr]CHerr]CHerr], 1C and 61.1 ppm (CHerr]OQ 2C). 15

Exanpl e 4 [err] 20 Meso- hydrobenzoin
(45. 66 g;5 0.213 nmol) was added to tetrakis(dinethyl am no)di boron (21.09

g; 0.107 thydrous diethyl ether (500 m) contained in a 2-neck 1 L
round b ask under nitrogen. The m xture was stirred magnetically
under nitrogen and cool ed in ice.. A solution of hydrogen chloride in dry
di ethyl ether (150 ml of 2. 0. nmol ) was added from a ’
pressure-equal i sing droppin fqﬁﬁ'ép_\ov r 1 h and the mxture allowed to 25
warmto roomtenperature with @tirri®g overnight. The solution was filtered
fromthe copious precipitate by suction filtration through a gl ass
sinter fupnel and the filtrate evaporated to dryness affording a small
anmount of white solid. The standard vvorkui) yielded 33.62 g . (0.0754 nol;
719 . 30 Anhydrous)\gthyleng giypol (9.15 ml, 0.164 mol) was added to tetrakis(dimethylamino)-

PCT/ AU98/ 00gidston (16.24 g; 0.0820 mol) in anhydrous diethyl ether (170 ml) contained in a 2-neck 500
mi round bottom flask under nitrogen. The mixture was stirred magnetically under nitrogen
and cooled in ice. A solution of hydrogen chloride in dry diethyl ether (115 ml of 2.85 M,

15 0.328 mol) was added from a pressure-equalising dropping funnel over 1 h and the mixture
allowed to warm to room temperature with stirring overnight. The solution was filtered from
the copious precipitate by suction filtration through a glass sinter funnel and the filtrate
evaporated to dryness affording a white solid (3.12 g) whose nmr indicated it was the product
along with some dimethylamine hydrochloride salt. The residual precipitate was extracted

20 with hot benzene (2 x 200 ml) and the extracts filtered and evaporated to dryness affording
a white solid (8.41 g, 72%) whose .nmr'showed indicated it was the desired product. The first
crop (3.12 g) was extracted with hot benzene (60 ml) and the extract filtered and evaporated
to dryness affording a white solid (2.23 g) whose nmr showed indicated it was the desired
product. The combined extracted products were recrystallised from benzene/light petroleum

25 (b.p. 60-80°C) to afford bis(ethanediolato)diboron as colourless crystals. Yield 9.90 g
(0.0700 mol; 85%). ‘'H nmr (CDCl,, 200 MHz): 5 4.18 ppm (singlet, OCH). ‘C nmr
(CDCl,, 200 MHz): 6 65.5 ppm (OCH,).

30 Example 3



-31- Example 5 [err] Thi s di boronic acid ester was prepared

fol |l owi ng dure descri bed above for Exanple 1 usi - -

1, 2-et haneh{lg?ﬁ{s%éﬁeead of neopentanediol. Yield, 73% [err] MB&%&QS
(codferr], 200MHz): [err] 4.04-4.12 (triplet, 2H, 2 x HCHCPh), 4.57-4.66 -
(triplet, 2H, HCHCPh), 5.44- 5.52 (triplet, 2H 2 x OCHPh) and 7.28-7.42
ppm (rmul tiplet, 10H 2 x ArH. 10 Exanple 6 [err] Thi s

di boronic ester was prepared follow ngsphe procedure described above for

Exanple 1 using 3,5-di-tert-butyl catechol instead of neopentanediol.
Yield, 41 % [err]Hnm (CDCl[err], 200 20 MHz): [err] 1.21-1.51

(multiplet, 36H, 12 x CH err]) and/6: 2-7}3 pm(multiplet, 4H 2 x ArH).
F.W: calc for Jerr]Herr]Blerr]{d errg-—g 462.325, found mz 463 (Mtl).
Exanpl e 7 25 | rr]\af j In a Schlenk tube, a
solution of the pinacol ester of diboronic acid (0.315 g; 1.24 mol ), 1-

| odo- 3, 4- net hyl enedi oxybenzene (0.252 g; 1.02 mml),

P10, §7 ) Sl S A e 2 5802 e B assng

5 amino)diboron (13.29 g; 0.0671 mol) in anhydrous ether (200 ml) contained in a 2-neck 500
ml round bottom flask, under nitrogen. The mixture was stirred magnetically under nitrogen
and cooled in ice. A solution of hydrogen chloride in dry ether (94.5 ml of 2.85 M, 0.269
mol) added from a pressure-equalising dropping funnel over 1 h and the mixture allowed to
warm to room temperature with stirring overnight. The solution was filtered from the copious

10 precipitate by suction filtration through a glass sinter funnel and the filtrate evaporated to
dryness to give the product as a colourless solid (9.50 g, 83%). 'H nmr (CDC),, 200 MH2):
d 1.87 (quintet, 2H, CH,CH,CH,) and 3.93 ppm (triplet, 4H, CH,0). #C nmr (CDCI,, 200
MHz): 5 27.4 (CH,CH,CH,, 1C) and 61.1 ppm (CH,0, 2C).

15

Ph Ph-
T
P o) 0 Ph
20 Meso-hydrobenzoin (45.66 g; 0.213 mol) was added to tetrakis(dimethylamino)diboron
(21.09 g; 0.107 mol) in anhydrous diethyl ether (500 ml) contained in a 2-neck 1 L round
bottom flask under nitrogen. The mixture was stirred magnetically under nitrogen and cooled
in ice. A solution of hydrogen chloride in dry diethyl ether (150 ml of 2.85 M, 0.428 mol)
was added from a pressure-equalising dropping funnel over 1 h and the mixture allowed to
25 warm to room temperature with stirring overnight. The solution was filtered from thé copious

precipitate by suction filtration through a glass sinter funnel and the filtrate evaporated to

dryness affording a small amount of white solid. The standard workup yielded 33.62 g
(0.0754 mol; 71%).

30
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EtOH 5 % Herr]O was placed under an atnosphere of nitrogen and heated at

40[err] C wWith stirring. After 2.5 h gc analysis on the reaction m xture

showed sonme deconposition of t he di boron compound, 64 % unreacted aryl

i odide and the formation of the aryl boronic acid ester in 36.%yield.

Mor e di boron conpound (173 ng; 0.68 nrBl)} was added under nitrogen 5 to the

reaction mxture and heating at 40[err]C continued. After 4 h gc analysis

on the reaction m xt ure showed absence of di boron conmpound, 28 %

unr eact ed @ﬂmﬂ%ﬁ de and the formation of the arylboronic acid ester in
A

72 %yield. di tional diboron conpound was added to the reaction

m xture until gc analysis indicated t he reaction had gone to conpl etion.
The product was then isol ated by pourl the ethaﬁgllc 10 reaction m xture
into water (10 m*) and extracting info (2 x 50.mM). The
conbi ned ether extracts were dri nd t he sol vent renoved
under vacuumto yield the cru pro&hct |ch was ‘then purified by

di stillatsi on under vacuum (80-120[err]C/ 2. 5x10[err] atm. [err]H nnr

ES.D% et ZOg,th@me*er?édl 2 %\i'rgﬂr'@ 12%}&04 Seiu )ggzcnh%boveefgrlixample

le 8
E?aglpbgr on.[lgﬁ%’jé. &.%hoe_ngl-i Q-&hﬁfehio? fix'fstéddb& ne%p'éﬂdaﬁédzeﬁ Vikld, B ®) R (EDCE,

g; 1.29 mol),
br ono- 3, 4- mmmdjmmmpme ZEDZZCIHC@{CPh)Dé 5T 6P (triplet, 2H; HCHCPh), 5.44-

(0303 o1\ 3 Shinlhy 21023, OCkbuhapa Tt 42 gpunrmitipieh, AE BR 458 0575, * ©

EtOH 5 fgH err]O was placed under an atnosphere of nitrogen and heated at

60[err] C with stirring. After 2.5 h gc analysis on the reaction m xture
showed absence of the diboron conmpound, 32 % unreacted aryl brom de and
the formation of the arylboronic acid ester ( jdentified by gc
retention t&#ﬂ%ﬂl@—& 68 % vyield. 30 Exanples 7 denonstrate that
al t hough additional quantiti of di boron derivatjves nmay WO 98/ 45265
PCT/ AU98/ 00245 o) :
\_ AP
| BB
15 (o) O

This diboronic ester was prepared following the procedure described above for Example 1
using 3,5-di-ter-butylcatechol instead of neopentanediol. Yield, 41 %. 'H nmr (CDCI,, 200

20 MHz): 3§ 1.21-1.51 (multiplet, 36H; 12 x CH,) and 6.82-7.30 ppm (multiplet, 4H; 2 x ArH) X
F.W.: calc for C,H,B,0, = 462.25, found m/z 463 (M+1).

25 o) B<°\4
O S =

In a Schlenk tube, a solution of the pinacol ester of diboronic acid (0.315 g; 1.24 mmol), 1-
iodo-3,4-methylenedioxybenzene (0.252 g; 1.02 mmol), PdCL(dppf). CH,Cl, (24 mg; 0.029

30 mmol) and potassium acetate (0.300 g; 3.06 mmol) in an ethanol-water solvent mixture (6




- 33 - be required, arylboronic acid esters can be forned from aryl
I odi des an omdes in aqueous et hanol . 5 Exanpl

[err] q/(ﬁ]a\/ %{:hl enk tube, a solution of bis(neopent anegﬁ:ﬁ%qggﬁog%ﬁoron
(0.374 g; 1.66 mmol ), 4- 10 i odobenzonitrile (0.250 g; 1.09 nmmol), -
PdC [err] (dppf).CHerrr]C 2(27 ng; 0.033 mmol) and pot assi um acet at e
(0.321 g; 3.27 mmol) in dry nethanol (6 ml) was placed under an
atnosphere of nitrogen and stirred at _gpgomtenperature for 3 days. The
~excess di boron conpound, aryl boronic acid ester (94 % and bi aryl
conmpound (3 % gave rise to the three peaks in the gc, aryl boronic aci d

and ext Péit@d%ﬁ? il T s B e i S ol an RN 40 )
extracts Wegith ¥RshE A& $hige dnalysi®oft te redéticiCm{preGhewed %orﬁé‘ﬂedohﬂm%ﬁio)i%ft

renoved un er vacuumto give a pale brown solid. Purification
di still ati dhe diboren compound, 1% ntreacted awyl iodide andstbe formation of the arylboromc acid

LT e 5 Ve b 0 43 e i
4H, CH erg ]?g@,ﬁ: 6nIgixne ard ﬁé’aﬂ?xgrﬂt 4oeC coRtified. Altter 4 Be arfalysiy orPﬂieCreicﬁfon
Cerr]Herr err 215.06; foun Cl + nmass spectrum: mz 216 (M 1),

244 (Mr29) mm:hre ﬁﬁw(elﬂlrabsmce of diboron oﬁnpmmidemﬂﬁ pareacted aryl iodide and the formation

[err] Sch) enk, t ube, 0 i on of
bi s( neopent‘%frf@%i ?‘a&rew&.as Sier @7§79§y 1.64 mol ), 4- i odobenzonitrile

gg rz)g'(r) agsr llrm&gcg?ti%!rdébo{ gﬂs %’ﬁ Bﬁddﬂ%oi&d 63%% ﬁ{er ﬂe rt_sﬁxlrrlslg{g?rg ggﬂm %‘?%N@Hg@nd

was pl aced thedmctirhad gone to completmn The product was then isolated by pouring the ethanolic

10 reaction mixture into water (10 ml) and extracting into diethyl ether (2 X 50 ml). The
combined ether extracts were dried (MgSO,) and the solvent removed under vacuum to yield
the crude product which was then purified by distillation under vacuum (80-120°C/2.5x10*
atm). -

'H nmr (CDCl,, 200 MHz): 3 1.27 (singlet, 12H, C(CH,),), 5.89 (singlet, 2H, CH O) and

15 6.72-7.31 ppm (multiplet, 3H, ArH).

| o G
20 » Lo 0T~

In a Schienk tube, a solution of the pinacol ester of diboronic acid (0.327 g; 1.29 mmol), 1-
bromo-3,4-methylenedioxybenzene (0.211 g; 1.05 mxﬂol), PdCl(dppf). CH,CL, (24 mg; 0.029
mmol) and potassium acetate (0.302 g; 3.08 mmol) in an ethanol-water solvpnt mixture (6
25 ml; 95 % EtOH : 5 % H,0) was placed under an atmosphere of nitrogen and heated at 60°C

with stirring. After 2.5 h gc analysis on the reaction mixture showed absence of the diboron

compound, 32 % unreacted aryl bromide and the formation of the arylboronic acid ester (
identified by gc retention time) in 68 % yield.

30 Examples 7 and 8 demonstrate that although additional quantities of diboron derivatives may



-34-, atnosphere of nitrogen and heated at 60[err]C with stirring. After
24 h the awgldsmszesi c acid ester (93 % and the symetrical FPCAAYISOEMSound
(7 %9 gave rise to the two peaks observed in the gc, aryl boronic acid
ester: biaryl = 13.3. The reaction mxture was filtered collecting a grey
solid which was taken up in chloroform (25 m). Sone insoluble material was
renmoved by suction filtration and the filtrate taken to dryness under
vacuumto give a red-brown solid. Purif¥3cation of this material by

di stillation under vacuum afforded a white solid at 80-
100[err]C/2.9x10[err] atm [err]H nnr (CDCI[errt]m 200 MHz): as in Exanp

9. Al t hougtbet fequived aarylbozosic ianidi asters gan beaformed mmrﬂnod@nqamgyhh@rwémn
exhausted, sone of this material was recovered during distillation of the
crude pr odAGREousELhANG ‘ngly % yields deternined by gc have not been
standardi zed. Exanples 9 and 10 denonstrate that the neopentanedi ol ester
of diborinic acid can also be used to formaryl boronic acid esters, in

met hanol or isopropyl alcohol. Exanple 11 [err] In a Schlenk tube,
a solution of the pinacol ester of diboronic acid (0.359 g; 1.41 nmol), 4-
i odobenzohiExample 80 251 g; 1.10 mmol), Pdq err](dppf) CHFI [err] (27 nu;
0.033 mmol ) and potassi um acetate ( g,,q pl ) in dry nethanol (6
M) was placed under an at m)spha @en 3 d heated at 60C. After 18
7 % unreacted aryl

| odi de, 59 % aryl boronic acid ester as well as 24 % of tde symet ri cal

bi aryl conmpound. Aryl boronic aci d ester: Biaryl = 2.5. Exanples 9 and 11

denonstrate,th i s( Rest " cd.
with 4-iodoBbR ? REBS ‘ﬁgé QE& uces I%@%@MWO t}gf&@ggnwg %‘1‘1;1365{?1%6{) 4
Lg?_%g gllgoizd}obé&oﬁimhcm zwtgerl 09 rinbl); PCL (et CH,CL (27 Mg 9&)365m1) and

potassium acetate (0.321 g; 3.27 mmol) in dry methanol (6 ml) was placed under an

atmosphere of nitrogen and stirred at room temperature for 3 days. The excess diboron
compbund, arylboronic acid ester (94 %) and biaryl compound (3 %) gave rise to the 'three
peaks in the gc, arylboronic acid ester : biaryl = 32.0. The réac;tion mixture was poured into
15 water (20 mi) and extracted into diethyl ether (1 x 75 ml, 1 x 50 ml). The combined ether
extracts were washed (water; 2 x 50 ml), dried (MgSO,) and the solvent removed under
vacuum to give a pale brown solid. Purification by distillation under vacuum afforded a white
solid (80-100°C/2.5x10%atm) Yield 0.17 g ( 0.79 mmol; 73 %).
'H nmr (CDCl,, 200 MHz): 5 0.95 (singlet, 6H, CH,), 3.71 (singlet, 4H, CH,O) and 7.52-
20 7.82 ppm (multiplet, 4H, ArH). F.W. caic for C,H,BNO, 215.06; found (CI+ mass
spectrum): m/z 216 (M+1), 244 (M+29) and 256 (M+41).

25 < > /o
NC :
o~

In a Schlenk tube, a solution of bis(neopentanediolé.to)diboron (0.370 g; 1.64 mmol), 4-
iodobenzonitrile (0.250 g; 1.09 mmol), PdCL(dppf).CH,Cl, (27 mg; 0.033 mmol) and
30 potassium acetate (0.325 g; 3.29 mmol) in dry isopropy! alcohol (7 ml) was placed under an



Exampl e 12 [err] " 51na .

Schl enk tu ution of bis(neopentanedi ol at o) di boron (q,c_."i; 42
nmol ), 3- Q’&‘"P@‘éség%nzonltrl le (0.251 g; 1.10 nmol), Aushinodas

PdC [err] (dppf).CHerr]d[err] (28 ng; 0.034 movl) and pot assi um acet at e-
(0.118 g; 1.20 mmol ) in dry nmethanol (6.5 nml) was placed under an

at nosphere of nitrogen and heated at 60[err]C. After 18 h the aryl boronic
acid ester (83 %9 and the symmetricajy biaryl conpound (17 %9 gave rise
to the two peaks observed in the gc. 1 Exanpl e 13

[err] 15 In a Schlenk tube, a solution of the pinacol ester of

b i 0 i

acetate (0. A%Q tomeltritali bidryl e aveWise to tiRred pualdebbs%ﬂved
of nit rogen an er

at nosphere heat ed at 60 err C A 18 h gc anal ysis shows
t he excess mmegqmrﬂbomnwmldrmer obigyl i 833 areamon@um@e wasfiltered\cobestingi ¢

%C( ;?rpfzt i 2 gérevs\'leslo{ld w?ucii tug fn clﬂoro?c)’n@&% faéo bl '%so\{ubl?c gﬁ?ﬁ?‘% gias remmfeiq a

Schl enk tub -
sch )en 406y stk gﬁmonlaﬁpﬁgﬁ&%e%gpwq s@hﬁde?)«ﬂaxm{@rgxwa&%a Howa s6fid.

Pdd [ er r] (deﬁ)’icﬂd{reof 1% fneaterfal (lwmnsguaimnomﬁemmummdfordﬁd povhitessalid at 80-

acetate (0.1 |
WD 98/ 45(265188 oS o 10%amr0! ) 10 dry methanol (6.5 m) was placed under an

PCT/ AU98/ 0024 3mr (CDCL,, 200 MHz): as-in Example 9.
Although the gc analysis indicated that the diboron compound had been exhausted, some of
10 this material was recovered during distillation of the crude product. Accordingly % yields
determined by gc have not been standardized. '
Examples 9 and 10 demonstrate that the neopentanediol ester of diborinic acid can also be

used to form arylboronic acid esters, in methanol or isopropyl alcohol.

15

P~
(O
0N

20 In a Schlenk tube, a solution of the pinacol ester of diboronic acid (0.359 g; 1.41 mmol), 4-
iodobenzonitrile (0.251 g; 1.10 mmol), PdCl,(dppt).CH £1.(27 mg; 0.033 mmol) and
potassium acetate (0.118 g; 1.20 mmol) in dry methanol (6 ml) was placed under an
atmosphere of nitrogen and heated at 60°C. After 18 h gc analysis shows the excess diboron
compound, 17 % unreacted aryl iodide, 59 % arylboronic acid ester as well as 24 % of the

25 symmetrical biaryl compound. Arylboronic acid |
ester : Biaryl = 2.5. |

Examples 9 and 11 demonstrate that the bis(neopentanediolato)diboron compound, when
reacted with 4-iodobenzonitrile, produces less biaryl product than a similar reaction with the
pinacol ester of diboronic acid. |

30
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- 36,- at nosphere of nitrogen and heated at 60[err]C. After 18 h gc
anal ysi s sweoMs/45p6 absence of di boron conpound, sone unr EEFARPSQPAS

hal i de and sone product formation. Mre diboron conpound (0.167 g; 0.739
mol }) was added and heating at 60[err] C was continued. After 5 h gc

anal ysi s shows excess di boron conpound, 30 % unreacted aryl iodide, 66 %
aryl boronic 5 acid ester as well as 4 % of the symmetrical biaryl conpound.

Aryl boronic acid ester: Biaryl = 17.8:33- Exanmpl e 15
[err] In a Schlenk tube, a solution of the pinacol ester of
di boronic acid (0.360 g; 1.42 mmol), 2- | odobenzonitrile (0.250 g; 1.09

mrol ), PdCgxamble(1pf) . CHerr]derr
acetate (0.120 g; 1.22 nmmol) in d
at nosphere of nitrogen and heat ed
t he excess di boron conpound, 3)=8¥unre@ettd aryl iodide, 31 %

aryl boronic acid ester as well NG 39 % of the symmetrical biaryl
conmpound. Aryl boronic acid ester: Biaryl = 0.80. Exanpl es 14 and 15
denonstrate that the bis(neopentanedi ol at 0) di.bor conp , ) 20
react ed vi dn 2Schlerdotibeoaisphution ,°?B¥§B'ER?§§ epaﬁﬂg%w%&%cﬂ'm?ﬁzﬂm» 3-
simlar reacti,on_ Ww. .Pi t ' i bd g &3udi '
that choi cdo%PeF "i\?%‘r %t(g‘s érg’die'??va |°9z %%LQQP%JQ\;}L@C%E?@ i Oégsgghtﬁlﬁ;léen id
reacti on pryptaigiun eetalA0.118 g;2b.28xampl)einldéry methanol (6.5 mi) was placed under an
[err] WO 98/ 45265

PCT/ AU98/ 0Gmesphere of nitrogen and heated at 60°C. After 18 h the arylboronie acid ester (83 %) and

(27 : 0.033 mmol ) and 15 potassium
et hanol m ) was placed under an
BOTRrr] PN\ After 18 h gc anal ysis shows

the symmetrical biaryl compound (17 %) gave rise to the two peaks observed in the gc.

oS

In a Schlenk tube, a solution of the pinacol ester of diboronic acid (0.363 g;. 1.43 mmol), 3-
iodobenzonitrile (0.250 g; 1.09 mmol), PdCL(dppf).CH,Cl, (27 mg; 0.033 mmol) and
potassium acetate (0.120 g; 1.22 mmol) in dry methanol (7 ml) was placed under an
atmosphere of nitrogen and heated at 60°C. After 18 h gc analysis shows the excess diboron

10

15

20 compound, 9 % unreacted aryl iodide, 73 % arylboronic acid ester as well as 18 % of the

symmetrical biaryl compound.

: ,0
25
O-{X
o
In a Schlenk tube, a solution of bis(neopéntanediolato)diboron (0.322 g; 1.43 mmol), 2-

iodobenzonitrile (0.250 g; 1.09 mmol), PdClL(dppf).CH,Cl, (27 mg; 0.033 mmol) and

30 potassium acetate (0.120 g; 1.22 mmol) in dry methanol (6.5 ml) was placed under an



In a Schlenk tube, a solution of the pinacol ester of diboronic acid (0.362
g; 1.43 - | odoacet ophenone (0.268 g; 1.09 mmol),

PdC [err]( pp?sf“%%[err]d [err] (28 ng; 0.034 nmol) and 5 potPgé‘?Wog@ét ate
(0.118g; 1.20 nmmmol) in dry nethanol (6.5 m) was placed under an .
at nosphere of nitrogen and heated at 60[err]C. After 18 h gc anal ysis shows
14 % unreact ed aryl iodide, 79 %aryl boronic acid ester as well as 7 % of
the symretrical biaryl conpound. Aryljdoronic acid ester: Biaryl = 12.1.
Exanpl e 17 [err] 15 In a Schlenk tube, a
solution of the pinacol ester of diboronic acid (0.323 g; 1.27 mmol),

1-i odo- 3, 4- h b 972 Jmol .
PaCl Lo ( ARBPRBery B miiaba i eated o Bb€: ahe3 4% KR \ahatysis shows the,ghsence of
benzoat e ( Qivtrén Bom ﬁo&iﬂ %Hﬁb)unkéhcﬁﬂ)é:ﬂﬂia‘ﬂé@@hd §6me %&cﬁ%ﬁmﬂo@'ﬂﬁ&%%ﬂﬁr

an at nosphere of nitrogen and heated at 60C. After h gc anal ysis shows
the reacti @nmpoumh@elﬁjom;eﬂ {739 camol) maseddqdaanddmtmmt éﬂﬂﬂ was conitinued.i Aiftersd br .

20 hlenk tub ol u of. the,
i nacol estEABpSnRERPAFEssiperop sompRul, 30 % ibieasts érvf* odtde, b5 % afyborosic
1-i odo- 3, 4 ék‘(ér%ev?élpis\’b%‘éﬁﬂﬁ sgﬂuﬂ’e‘iﬂcaq ,bléypéo

PdCI[err](dppf) CHerr]CJ[err] 07032 I) and sodi um

f 1 uor oacet a&glt(@oﬁthcigtes&rlmxmyblé 1748 dry nmethanol (7 nml) was 30 pl aced
under an atnosphere of nitrogen and heated at 60[err] C. After 18 h gc

anal ysi s shows - 38- 53 %
unreacted aryl iodide and 47 % aryl boronic acid ester.
Example 15 _
_ P~
10 B\
. 0 =<
.CN

In a Schienk tube, a solution of the pfnacol ester of diboronic acid (0.360 g; 1.42 mmol), 2-
iodobenzonitrile (0.250 g; 1.09 mmol), PdCl(dppf).CH,Cl, (27 mg; 0.033 mmol) and

15 potassium acetate (0. 120 g; 1.22 mmol) in dry methanol (7 ml) was placed under an
atmosphere of nitrogen and heated at 60°C. After 18 h gc analysis shows the excess diboron
compound, 30 % unreacted aryl iodide, 31 % arylboronic acid ester as well as 39 % of the
symmetrical biaryl compound. Arylboronic acid ester : Biaryl = 0.80.

Examples 14 and 15 demonstrate that the bis(neopentanediolato)diboron compound, when
20 reacted with 2-iodobenzonitrile, produces less biaryl product than a similar reaction with the
pinacol ester of diboronic acid, indicating that choice of diboron ester derivative may allow

control over the reaction products formed.

25 Example 16

Y
/
AN

HaCO

30



Exanple 19 [err] In a Schl enktube, a solution of the pinacol ester of
di bor oni c WO 984585322 g; 1.27 mmol ), 1-iodo- 3, 4- net hyl enedi CHHARBEGS
(0.242 g; 0.976 nmol), PdC [err](dppf).CHerr]C[err] (24 ng; 0.029 nmol)
and sodiumtrifluoroacetate (0.403 g; 2.96 nmol) in dry rrethanol (7 M) was
pl aced under an atnosphere of nitrogen and heated at 60[err]C After 18 h
gc anal ysis shows 82 % unreacted aryl iodide, 15 % aryl boronic acid ester
and 3 % symretrical biaryl. Exanples-3%: 18 and 19 show that using ot her
bases such as potassi um benzoate, sodium fluoroacetate or sodi um
trifluoracetate in these reactions, instead of potassium acetate, also

| eads to the formation of the desired aryl boronic acid ester. Exanpl e

20 [err] In a Schlenk tube, a solution of the
pi nacol ester of diboronic acid (0.284 g; 1.12 mml),

1-i odo- 3, 44 et
(0316 g IS e A e O e R o 1oy

0. 0336 Miroi3hioiibaciiophenminb (0368 G5 1109 marol FICLAspH THL L, (28 ;05 o °

307 9% ar’ poisammCaoRBIROeLibes 1ANRIEIOD ey ol 465l e pisced whder & 1

- 39- Exanphs p%%re of nitrogen and heated at 60°C. After 18 h gc analysis shows 14 % unreacted
aryl iodide, 79 % arylboronic acid ester as well as 7 % of the symmetrical biaryl
compound. Arylboronic acid ester : Biaryl = 12.1.

Example 17 . P~
N ?\’Q— <<

15 In a Schlenk tube, a solution of the pinacol ester of diboronic acid (0.323 g; 1.27 mmol),
1-iodo-3,4-methylenedioxybenzene (0.241 g; 0.972 mmol), PdCL(dppf). CH,Cl, (24 mg;
0.029 mmol) and potassium benzoate (0.469 g; 2.93 mmol) .in dry methanol (6.5 ml) was
placed under an atmosphere of nitrogen and heated at 60°C. After 18 h gc analysis shows

10

the reaction to -have gbne to completion to form the arylboronic acid ester.
20

Example 18 /QBIO\L
25 : L °

o)

In a Schlenk tube, a solution of the pinacol ester of diboronic acid (0.347 g; 1.37 mmol),

1-iodo-3,4-methylenedioxybenzene (0.259 g; 1.04 mmol), PdCL(dppf).CH,CL, (26 mg;

0.032 mmol) and sodium fluoroacetate (0.317 g; 3.17 mmol) in dry methanol (7 ml) was
30 placed under an atmosphere of nitrogen and heated at 60°C. After 18 h gc analysis shows



In a reaction tube, a solution of the pinacol ester of diboronic acid
(1.386 g; br onopol ystyrene (1.2-1.3 mmol Br/g resi g;
2.50 nmol )é'oégpgg% um acetate (0.751 g; 7.65 mol) and q’%ﬁ‘l‘m%mg&%
PdCl [err] (dppf).CH err]C[err] (61 ng; 0.075 mml) in dry dioxane (40 m)
was pl aced under an atnosphere of nitrogen and heated at 80[err]C. After 21
h the reaction m xture was cooled to roomtenperature and the brown-grey
resin collected by vacuumfiltration. _ gtrahydrofuran (40 M) was added to
t he product and the m xture heated at [err]C for 30 min. before being
filtered hot. This washing was repeated till no trace of the pinacol ester
of di borom CI d det e e shin To renove all traces
of pal |l adi é a‘é’%ﬁ@rﬁi@ﬁ*ﬂg qr%gr%u?ﬂcléegt&; -ution of 0.5 % sodi um
di et hyl di t hi ocar bamat e and O. 5 % d| i sopropyl am ne in AR di net hyl f or mam de,
using an ultrasonic bath. The resin was washed several tinmes with
tetrahydrofuran foll owed by several washes wth a di oxane-water m xture

bef ore being dried under vacuum (50 [err] C/ 28. nm Hg) over ni ght Exanpl e
22 Aryl borate formation using phenyl triflate
[err] ¥y k tube, a sol

Qn of the pinacol ester of diboronic
acid (0.308 g, T. nmol ) , @ lé e 49 g; 1.10 nmmol ), potassium
acetate (0.330 g; 3.36 nnDI) nd [elx f).CHerr]dJ[err] (27 ny;

0.033 mml) in dry dinethyl suNohdxi de (6 ) s placed under an atnosphere
of nitrogen and heated at 80C. After 18 h gc analysis shows the reaction to
have gone to conpletion. The reaction m xture was poured into water (20 nl)
and extracted into diethyl ether (1 x 75 mM, 1 x 50 m). The conbi ned et her

extracts wdne Schidnkdubeyed solutich of the pirlapol ebtered dibdrobic acid] (0.3220z;th27 smhoipnt

Chr ot ol Apiegots Homedy g pedient (hg+ais .19 BN PAC R0 EEh RepE

40-60 (1:1)q g% U1 B SdtfiemALifa6fd5cktae 6/409'g; 9566 finhol) in dry J-Bed{«ﬂo?%f fe]r?f] ¥

PCT/ AU98/ 002
nnr (CDd [ emls] pla&ﬂmﬂﬂbtan afmmospheré o8 hitfagengind theated ldt 60°Q. Afteri8 h)gcanalyms

7.26-7. 84 | et X
204. 08: AL %gﬁ/ refagtpd(qwlelpfl?yWS Jarylborgglccacfi stg'gnéyi %er "1
b1aryl;~
15 Examples 17, 18 and 19 show that using other bases such as potassium benzoate, sodium

fluoroacetate or sodium trifluoracetate in these reactions, instead of potassium acetate, also

leads to the formation of the desired arylboronic acid ester.

20 Example 20 | P
B
?:Q— o<

o)

In a Schlenk tube, 2 solution of the pinacol ester of diboronic acid (0.284 g; '1.12 mmol),
25 1-iodo-3,4-methylenedioxybenzene (0.244 g; 0.984 mmol), potassium acetate (0.316 g;
3.22 mmol) and approx. 0.18 % palladium on porous glass (1.953 g; 0.0336 mmol) in dry
methanol (8 ml) at 60 GC. After 18 h gc analysis shows no diboron compound starting
material, 47.1 % unreacted aryl iodide, 49.7 % arylboronic acid ester and 3.2 %
symmetrical biaryl.

30 Sheet Has Been Re laced
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5  Exanple 23 Hydrolysis of the pinacol ester of phenyl boronic acid
[err] woAsmsgehanol i ¢ sol ution of the pinacol ester of pRETAUISHOIHSC
acid (ArB(pin)) was anal ysed by HPLC (Waters 600E) using a Zorbax col um

(ODS) under the followi ng conditions: [err] = 230 2 mM/mn., 20%
CHerr]CN. 80% Herr]O (initial) to 80% CH err]CN: 203?m
linearly from9-17 min.). Peaks were detected at 5.9 mniThis SheacHat Bed) Reblbeq
t he former assigned to phenyl boroni~89aci d. (by spikin W t
an aut hentic sanple) and the later to ArB(pin). The r m
ArB(OH)[err]]/[area ArB(pin)] = 0.074. To anot her sanple o It
met hanol i c Bxaippld 2 Was added sone water and after several hours HPLC
anal ysis showed peaks at 5.6 and 14.7 mnutes with an area ratio of 20
0.44. This indicates hydrolysis of the pinacol ester of phenyl boronic acid

heny! ber Qni.c... i : o _
o Phen! OS5 on L o AR ) kel e EIESBLE: 4 o,

A met hanol Moﬁ%ﬂ stgrene {1 2HE 3 newpEBi/gresin 02003 tgg 2. 50 maiud); potassiom averats d was
anal ysed by 30 HPLC (Waters 600E) using a Zorbax colum (ODS), under th

fol | owi ng €078 1g; Jred mmeol) fnd:PdCL(dgab-&kCle(ﬁﬁmm Q.075 zamelip dry ?@N?n% b

H O (initial) 1 9 - 200 dd 9-17
ey Ao ol o g el Mmooy o igen gpa e RESTC Jerkr A B T
cotm;]i r t”?d tr@ad%n%tdgrg/viﬂg%ggleb% P60 tétfpetakiye Gid thertfowhgreotesin collepted byan
authenti c )

PCT/ AU98/ 0vadwum filtration. Tetrahydrofuran (40 ml) was add.ed to the prodgct and the mixture
. g"ﬁ'eebhenﬁe@gﬁ%ﬁ”ﬁbec‘%‘%gg@@&. Bt 55 ltYred Tt TS RALRD) Vs HEpetned th AU

10 trace of the pinacol ester of diboronic acid was detected in the washing by gc. To remove

d
h
al

all traces of palladium the resin was washed 5 times with a solution of 0.5 % sodium
dimethyldithiocarbamate and 0.5 % diisopropylamine in AR dimethylformamide, using an
ultrasonic bath. The resin was washed several times with tetrahydrofuran followed by
several washes with a di(;xéne-water mixture before being dried under vacuum (50 6C/28

15 in Hg) overnight.

| -
20 B<O
o<

In a Schlenk tube, a solution of the pinacol ester of diboronic acid (0.308 g; 1.21 mmol),
phenyl triflate (0.249 g; 1.10 mmol), potassium acetate (0.330 g; 3.36 mmol) and
PdCL(dppf).CH,C}, (27 mg; 0.033 mmol) in dry dimethylsulphoxide (6 ml) was placed
25 under an atmosphere of nitrogen and heated at 80°C. After 18 h gc analysis shows the

reaction to have gone to completion. The reaction mixture was poured into water (20 ml)

. and extracted into diethyl ether (1 x 75 ml, 1 x 50 ml). The combined ether extracts were
washed (water; 2 x 50 ml), dried (MgSO,) and the solvent removed under vacuum to give
a green oil. Purification by column chromatography (silica gel 60) eluting with chloroform

30 : petroleum spirit 40-60° (1:1) solvent mixture afforded a colourless oil.
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This indicates the ready hydrolysis of the neopentanediol ester of
phenyl borog} 3 é to 5 phenyl boronic acid on exposure to Wat@fau9swo24s
and 24

Exanpl es 2 show t hat al t hough hydrol ysis of the phenyl boronates of
pi nacol and neopent anedi ol in water does occur, the phenyl boronate of
pi nacol is nore stable. 10 Exanple 25 In a Schlenk tube, a solution

of the pinacol ester of diboronic acid (0.513; 2.02 mol),

1- br ono- 3, 4- net hyl enedi oxybenzene (0.23§.9; 1.24 mol), potassium acet ate
(0.371 gq; 3.78 mml ), PdC [err] (dppf).CHerr]dJ[err] (33 ng; 0.040 mml)
and internal standard bi phenyl (0. 188 g; 1.22 mmol) in dry nethanol

RGN T =l L R R Vi i‘?*’?‘iei‘ﬂ‘ffgags

added and heating at 60[err]C was conti nued. After 5 h no di boron
conmpound is detected by gc. Thi s exanpl e shows that excess pinacol
ester of sdi boronic acid can be deconposed by hydrol ysis by addition of
water to t } OrHyilpblviis of thelinaca) ester genyibodenic asidl f to the 20
synthesis of unsymmetrical bi aryI S by m ni m si ng the formation of the

symetri cal sp ~Exanple 26 R i on oPHaryl chloride 25
-ggl ofoni t robbﬁzene@__a/
i \
\Q/< - OH ’

Boroni c acid ester
-42-

[err] WO 98

PCT/ AU98I®0245

p- Chl oronltrobenzene (2 mvol) was heated at 100C in DVMSO for, 24 h with 1.
mol  of thrnplic solutien of therpinacebester of Rhepylborpnisanid GATR(PIn)) RS ARAlyss d

24 PdCl I

ext ract ed ”ﬁ%&{’@v%@%& { s i G, (OBRP ol 18 sthanig MBdisons: 2,
peaks i den“-fzsb%ﬂyzanlxﬁﬁ fM%t(m,cm;teO%(H;a (intl) W80 CHYOCN:S 20 B0
retention tine, di nltrob|£ﬂenyl (mz 245; MHl).

Pdd [errl} ((pbax{gedrl'ppqrgrfrpgl{ ¥ ming: Peaksgyere detected at 5. S/\pnm and 14.9 min., the

Cotal oy | et BEhsed o bbioptort SRR i s8ilpits

Wi t hp- chl orgidi thé ala BB (Hin).f Thieatiogarea ArB(OMYI[arke AB(pin)] = 0.074.

To another sample of the initial methanolic solution was added some water and after
several hours HPLC analysis showed peaks at 5.6 and 14.7 minutes with an area ratio of
'20 0.44. This indicates hydrolysis of the pinacol ester of phenylboronic acid to phenylboronic

acid on exposure to water.

Example 24 Hydrolysis of the neopentanedi f r

p o (T
@—B‘o:>< - B\OH

A methanolic 'solution of the neopentanediol ester of phenylboronic acid was analysed by
30 HPLC (Waters 600E) \ising a Zorbax column_(ODS) under the following conditions: A =

230 nm, 2 ml/min., 20% CH,CN : 80% H,O (initial) to 80% CH,CN : 20% H,0

(changed linearly from 9-17 min.). A single peak was detected at 5.8 minutes. This peak

25

was confirmed to be due to phenylboronic acid by spiking the solution with an authentic



10 . Exanple 27 Use of Ni as the catal yst el enent The pi nacol ester
of di bor oni Wnei/452¢5L. 09 Mol ), 1-i odo- 3, 4- et hyl enedi oxybenz @0/ WsAD245
mmol ), 25 ng NN [err](dppf) prepared by the nethod of AW Rudie et al.,

I norg. Chem 15 1978, 17, 2859, and potassium acetate (3.2 nmol) were -
stirred in DVSO (5 m) at 75 [err]C for 40 h. The ether solution

obt ai ned after ether/water extraction of the reaction solution gave only
one peak in the gc at a retention tine-Mdnrger than that of the pinacol
ester of di boronic acid. The peak was identified by the retention tine
to be due to the pinacol ester 3, 4- net hyl enedi oxyphenyl boroni ¢ acid. 20
Exanpl e 28 Gamplé.ng of arylsulfonic acids. Synthesis of

[err] 25 The sodium salt of p-bronmophenylsulfonic acid (2 mmol) and

t he pinacol ester of di.borgnic acid (1.1 I re reacted in 5 njs
DVSO at 80] éﬁ?@k&”ﬂﬁ%ﬁ%@m&bﬂém‘?’?@ﬁ% and &‘@Q[@&’PP&WQP‘P‘P‘“&M
26 ng Pdd [e:[c{d (dppf).CH err]d[err]. The DVSO was renoved under

reduced pressure and the renminder taken up in water and passed down a
Anberlite IR 30 120 [H err] fornm colum to renove the inorganic cations
and car bonatFhis irdicatesithe veedy hydrolysis\of #8Y reopéitanediol ester of phenylboronic acid to
PCT/ AU98/ 0 Zﬁg .. -43- obt ai ned as
a solid on fRheaylboranic acid PREXPRSUERIOSWEEY-ut i on after the inpurities had been

renoved with the aid of THF and ethanol. [err]H nnt in Dlerr]O gave an AB

t t et . 3 |
nobat v | or e 23 8t 24 stow? hab Bfloudhhydrot{bis B e AR KBrRe of YiabAF d

Exanpl e 29 reopentatiedinitin watdr dobs ogdutry thephbuyd \hordnatdof pinacol dscmare] stabié.

10 "Example 25
In a Schlenk tube, a solution of the pinacol ester of diboronic acid (0.513 ; 2.02 mmol),
1-bromo-3,4-methylenedioxybenzene (0.250 g; 1.24 mmol), potassium acetate (0.371 g;-
3.78 mmol), PACL(dppf). CH,CL, (33 mg; 0.040 mmol) and internal standard biphenyl
(0.188 g; 1.22 mmol) in dry methanol (6 ml) was placed under an atmosphere of nitrogen

15 and heated at 60°C. After 18 h gc analy'sis shows the reaction to have gone to completion
and the ratio [diboron compound]}/[internal standard} = 0.36. Water (2.5 ml) was added
and heating at 60°C was continued. After 5 h no diboron compound is detected by gc.

This example shows that excess pinacol ester of diboronic acid can be decomposed by
hydrolysis by addition of water to the reaction solution. This procedure lends itself to the
20 synthesis of unsymmetrical biaryls by minimising the formation of the symmetrical

species.

Example 26 Reaction of aryl chloride

25 Boronic acid ester from p-chloronitrobenzene

>/0\
e
7~




10 In a reaction tube 0.587 g (6 nmpl) potassium acetate was dried at
150[err] C, rr] mrHg for 3 h. Then, under Ar,

PdCl [err](ggg?fll%fl[gerr]d [err] (49 ng), pinacol ester of di bl(’)(r:'l(‘)lﬁlngtmg)g:lts
(540 ng, 2.13 mmol), 0.35 m (2.06 mmol) of bronophenyltrinmethoxy-silane
(m xture of I somers, Celest Inc.) and 4 ms dry DMSO were added. The
tube was warmed with 15 stirring to 80[err]C for 21 h. After renoval of the
DMSO under hi gh vacuum near room terf2; the tenperature of the Kugel rohr
was increased to 30 and then 50[err]C to renove ot her volatile

I mpurities. The product was distilled as a colourless liquid at

70-75[err] Cp-@nwmmtrowhﬁerrre](zmhn wabhRate@ af 10070 n DMIOF 2 K Wwith11. B mmsIgss .,
12H, CCHerT]); 3.61 ppm 62, ppm (peaks near equal area, 9H

OCH err]), thegsnacoBester @fpdiquwt 3oid, ¢t gmol @5, COnand24omgBdCLEdpps). 6HEh. The

o™ © " eaBhoR lGfor ek SRRALE N CHLCL IR DR B BE e O o
(tr), 7.75 pehks identified By gc/ms forlfle €Ster (m/B499 M #11) bh® atBhgErirdtenticty Sme 'O

peaks of near equal area and both conpounds represented by these peaks
gave a pabdedinitrobiphenyt (mfz 2% MN1).1) in the gc/ ns. Exarrpl e 30

2" br oo 5- oA BT PR BT BIC st w‘?i%’ e qe 8 A g

-44- G| ebhidnid &id bstef thQE BAd idfﬁﬁa %b&ﬁé&ﬁtﬂﬁﬁl@fdxﬁtr&ﬂeﬁiehb% fdmPihganol .

Pyridine can al so be used anples are given wt

PdCi [err](dﬂpﬁwdﬁpmﬂnd]CI[err] or. palladlun1acetate as catal yst. Reaction
tenperatures used varied from50[err]C to 80[err]C. Pl aced 330 ng (1.92
mol ) of 2-brono-5-nmethyl pyridine in a reaction tube together with 274 ny
(1.08 mmulg of the pinacol ester of diboronic acid, 26 ng

Pdd [err] (dppf). CH[err]G [err] and 0 97 ¢ Cs[err]CIIerr] After addition of
6 mM dry et as atalystalement 80[ err] C for several days
(reaction tinme not Optlﬁ]Zed) The gc of the extracted (ether/water)
reaction solution had 2 peaks, a small one being the starting bronopyridi ne
and the |ar 1

o e h?fh inﬁﬁééoﬁéﬁwbl i IftdtlﬁtrJ]&e}%nQVa(cﬁf(lnm “2%%% %fbdo@ﬁﬂedgh&xﬁi&%&{zme (0.99

2- br ono- 5- muatgl) p25 imP NeéCL(dppf) preparédoby thelmethod of A Wodhldieeet ah, tImrg4€hng
(0 58 Mol 1ahe! PF 59250 poiabstim Qretdte 13 Mol e stited T DMSO (5 ml) at 75 iC

for 40 h. The ether solution obtained after ether/water extraction of the reaction solution

gave only one peak in the gc at a retention time longer than that of the pinacol ester of
diboronic acid. The peak was identified by the retention time to be due to the pinacol ester
3,4-methylenedioxyphenylboronic acid.

20
HO3S \ / SOgH
25

The sodium salt of p-bromophenylsulfonic acid (2 mmol) and the pinacol ester of
diboronic acid (1.1 mmol) were reacted in 5 mls DMSO at 80°C for 21.5 h in the
presence of 1 g Cs,CO, and 26 mg PdCL(dppf). CH,Cl,. The DMSO was removed under
reduced pressure and the remainder taken up in water and passed down a Amberlite IR-

30 120 {H* form] column_ to remove the inorganic cations and carbonate. The acid was



PdC [err] (dppf).CH err]d[err] and 369 ng of

C err] H er 'wvoPg@§265Na) [err] .H err] O, After addition of 4 m pcT/aAU9s/PYas di ne
the m xture was warned to 60[err]C for 2 h and then to 80[err]C for 15.5 h.
Only -one peak was observed in the gc of the ether/water extracted reaction

pr oduct and at a residence tine corresponding to that found for the

5 5 -dinethyl-2,2'- bi pyri di ne.- (b) Pl aced 332 ng (1.93 mol)

of 2-brono-5-nethylpyridine in a reactiBh t ube together with 270 ny

(1.06 Mol ) of the pi nacol ester of diboronic acid, 25 ng .

Pd(QAc)[err] andlllg 1rm8H [err]COerr]. After addition of 6 m
et hanol t heobtained as gisplid;pB fipsze dEying: e@auméphpenaﬂptmexmpnnﬂmhgbb@n t he

one.of et R e d of TEREN B! Y1 R {140 Pekn A e UR0ef 10"
and the ot heéntﬁedhtmfﬂg pbni, €t 8. mmzlmm?am SAIRCT, neganve@cfn)tgaee peaks
5,5"' -di net hyl - pﬁrldlne Pl ac 86 ng (0. 50 nmol )

2- br ono- 5- nﬂtﬂ!@%ﬂﬂﬂr and233 (MeARiton tube t oget her W|th 151 ny
(0.59 mmls) of the pinacol ester of diboronic acid, 13.5 ny

- 45- Pd(OAc)[err]Jand 360 ng (1.52 mmol) of

CerrJ]Herr]OP(O (ONa)[err]. H[err]O After addition of 3 m et hanol
the m xture was vvarmad‘to 60[err]C After 1. 33 h the gc of an aliquot of

t he reacti oExapla2d Pinacokesterof\phenyltrimethoxysilglboranigiacidt ed t he formation
of the 5,5 -di rrethyl 2,2 b| pyr|d| ne. The reactlon was |left for 90 h
at 60[err]C after which oonly S{OCHekhyl - 2, 2' - bi pyri di ne was
detected in the gc of the ether @@n of an et her/water extracted
sanpl e of the reaction sol B gav ly two peaks, a weak one of

retentionl®kine characteristic of the starting bronopyridine and the

0B Pt SsEaBh e O351 T o) BolBhlablactld whe oy 15 3 107 i
2- br onD- 5- NgsHy hPYTHefll GBddr AR Pﬂ@,&%pp?cm‘?(@ mg), dpxhwbét@xr ofdibérohftladid

(0.59 Mol ) of the pi nacol ester 0 bor oni ¢ aci

Pd( QAc) [ er r K34timg68. 13gmpuol)s 9. Fami {2-06 mapel) of hgcumthbmahaﬁ-eﬂm]e (mjinture of

f dd i h g
Ator 133 PR elest Tag a4 B Y DMSG et adict, e BASR AERAIH .t oo

with ethery \&ﬁhﬁ@tolalﬁ@fbfr o4 1. hafkPreiivaPor Bt DIMSO under high vacuum near room
5,5" -di net hyl - -bi pyridine. The reaction was left for 90 at 60[err]C

after which temp the tempprature of sheKngglrohr was. in¢crggsed dp 38 andshqmei(b& wdemevehe
g of the et el SRl infflefles. The prodte ShORIHEA 56 a S5ickABLAM IR IPIES ! 4
10? mm Hg. The 'H nmr in CDCl; 1.35 ppm(s, 12H, CCH,); 3.61 ppm, 3.62 ppm
(peaks near equal area, 9H, OCH,), 7.35 - 8.15 ppm (multiplets, 4H). The aromatic
20 protons indicate the presence of the para-substituted compound (AB type quartet; 7.64,
7.68, 7.81, 7.85 ppm) and the meta-substituted compound (7.36 (tr), 7.75 (d), 7.90 (d),
8.10 (s)). The gc of the material gave two peaks of near equal area and both compounds

represented by these peaks gave a parent ion mass of 325 (M+1) in the gc/ms.

25
Example 30 Synthesis of 5.5'-dimethyl-2.2’-bipyridine

HaC—Q-—(\N}CHa

30 The coupling of 2-bromo-5-methylpyridine can be readily carried out with bases such as



Exanple 31 Synthesis of 3.3 -dinmethyl-2,2" -bipyridine This exanple shows

that 2- br oRgg gg/4Rkdy! pyri di ne can be coupled in the presenc Mﬁfiks
base, KOAc and Pd(OAc)[err]. [err] Placed 172 &16%9 ) of

2- brono-3-nmethyl pyridine in a reaction tube to ther W|th 281 rrg (1.11
@r] and 300

mmol ) of the pinacol ester of diboronic acid, 2 is
nmg (3.06 nmol) of KOAc After addition of 5 m et “ | re was
warmed to 80[err]C. After 6 h the gc ofd4dn aliqu |on m xt ure

(extracted with ether/water) indicated the formati on of the
3,3 -dinmethyl -2,2" -bipyridine. The reaction was left for 65 h at 80[err]C

WO 98/ 45265Cs,CO, or CH,OP(O)(ONa),.H,O in ethanol. Pyridine can also be used Examples are
PCT/ AU98/ 00245 after

whi ch the ofiven pihiBACGLdend).CHL.Ch arpallgdiumacetateaseatalysts Mm%wwe@mres

et her/ wat er f the reaction solution, were
3,3 -di net hyﬁedfgéug&pyn?ne ?(g/ms n z 185, Mtl) and t he pi nacol

ester of diboronic acid. Exanple 32 Synthesis of 2.2'-bipyridine
[err] 10 Pl aced 14. Pd(O);%)A’i err] (0.0665 mmpl ) and 72 % .
P( o- CH| er #] Blaged 31}0r{nsr(|l]r$ Doaf 2-brasho-Simethylpyriding dn ageactiop dubentgethers withe d

t he conpou f t.Q. f i

phosphi ne gg?p#'gx& dglg%%ﬂ!}e g%ag y e%ﬁ]err es lﬁﬁq{%xgc a&rﬁi %arﬂ&l’ﬁeg@sﬂge@& and
(1.70 nmol ) 0.994ACECON After afiiition@f 6aml Eiy etharibl PeqBaction Grd, wakfifed 18 80;C for

2-1 odopyri di neago 51 mmol ) and a further 2 M DVSO. The reaction mXxture

was war ned seyerddays (reactipn ting not ongmm)g&l@fgqoféhe@mt@oﬂem/mm) reagtion

been oxnauot SO CApEART h s BB hing NAHEE Shlonkfins apl BREEREHIR,
bi pyridine b, bdﬁ}zgélﬁﬁ (n%tSi)Maﬂﬁ) e podiict 55 AimethgF-2 Q' Wipiaiddde. est er
(gc/ s, mz 235, My 1). 2,2'-bipyridine is also formed when HCOX is

used as base. When the reaction is carried out (80C, 16 h) using
tri-p-tolyl PzBOSppia@gd ég ?né*&iso mmol) of 2-bromo-5-methylpyridine in a reaction tube

together with 148 mg (0.58 mmol) of the pinacol ester of diboronic acid, 15 mg
~PdCl(dppf).CH,Cl, and 369 mg of C,H,OP(O)(ONa),.H,0. After addition of 4 mi
15 pyridine the mixture was warmed to 60 ;C for 2 h and then to 80°C for 15.5 h.
Only one peak was observed in the gc of the ether/water extracted reaction product
and at a residence time corresponding to that found for the 5,5'-dimethyl-2,2'-
bipyridine.

20
(b)  Placed 332 mg (1.93 mmol) of 2-bromo-5-methylpyridine in a reaction tube

together with 270 mg (1.06 mmol) of the pinacol ester of diboronic acid, 25 mg
Pd(OAc), and 1.11 g (3.1 mmol) Cs,CO,. After addition of 6 ml ethanol the
mixture was warmed to 60°C. After 3 h the gc of the ether/water extracted

25 reaction solution gave only two peaks, a weak one of retention time characteristic
of the starting bromopyridine and the other peak had a retention time characteristic
of the 5,5'-dimethyl-2,2'-bipyridine.

(c)  Placed 86 mg (0.50 mmol) of 2-bromo-5-methylpyridine in a reaction tube
30 together with 151 mg (0.59 mmol) of the pinacol ester of diboronic acid, 13.5 mg

REPLACED

THIS SHEET HAS BEEN |
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20 Pd(QAc)[err] (14 nmg), 145 ng (0.57 mmol ) of the pinacol ester of
di boroni c 30 88/45268 ny 2- i odopyridine (0.58 mmol) and 51BCEAUSS/06ZES
mmol) CsCO, in 4 m DMSO, the gc of the ' et her/ wat er

extracted sanple of the reaction solution indh_ﬁ.a hed h R on%)l ete
exhaustion of the diboron ester and bronopyri diiiga ilgﬁﬂ ®the formation

of 2,2'-bipyridine. This reaction c al so usi ng
tris-2,4,6-trimethoxyphenyl- 25 phosphite inst

tri-p-tolyl phosphine. The product was identified by gc/ns (nlz 157, M+
1). An adj acent peak (nf 9, +1) S i.gned to the phosphing deriyved
species, 1,3,5- t&?@@&@é@é&%&jﬁtm‘x@b°E§H3?%(Q§@Na)rﬂz8- &&@&%Qf 3
PCT/ AU98/ 00245 . . - ATe = 1
solution of 1- br%ln%@?ojt-thrr%%wreenvg |v(g%%dntz°e6noec ‘( 6“?6 1(:]3;3 Bdgggcrﬁzrt;)ﬁ z;lhqu% OP\

pi nacol ester  thoteadtion iiktuce Gextrdcted with @her?witeriinticated itho fortnation of ste
phosphate (0.47 f; 2.2 ol é‘ . Pdd [err](dppf).mg‘gr Cllerr] (25 ;.
0.031 nmol ) and 3,3t-dimethyls2,2rrhipyeidisiep nEg Teagtipn waglefipfon P04 %ﬁdLF after which
met hanol (5 m) . . [ | ] r ronde -was
det ected Dy gc ao\r%@f)ég"le g&l mﬁ‘?@?@%’i’@‘.“ﬁ%g%@s@%’“%@P‘r‘r‘%&ﬁ#’&&‘g‘ﬁé‘g%d
and the I eactanQsthef/whtef extedcted Lehpié of eFehdtitncohitiohGav&bhE twb pealis, a

anal ysi s shows no di boron conpound. 10 Exanpl e 34 In a Schl enk

tube, a sol uti orwegk eneofiyerention time; charasteristip of the $atisg bromopyridine mdthe
1), 2-i odopj t . - 03 94 ol Vo
gggl % err] (dp|p19 ) ?‘%\fr«re&gﬁéza?g&ﬂfegt@gaﬂ&c%- 1] ﬁl#ﬂé%%jl'gnﬂ%tp%lé%’?u'mp%% e

(1.19 g; 12.1 mmol) in dry DMSO (20 ml) was placed under an at nosphere
of nitrogen and heated at 80[err]C with stirringl. After 5 h gc analysis

shoved al§I(d) biiaced8Gma (BeSthmmel) of Zduomo-Stwathylpyriding ibsr reactinmnsbeind and

smal | anpunts of_unteact a I_odide | aryl ,and evi.dence of..s
reduction of t hetoﬁ%ﬁ Wb‘ﬁgtsé % E‘ﬁ% ﬂgic?g |tl'tx)eeg\né$ol(ﬁster o}/dx%oromc acid, PSS mg
2- am nopheny!| Bor PRICA@sdnd: 3608g { B.32 @Bl 6T H,OPIGRONLIIEO. | Affer waditibn of 8
m) and 20 extracted ‘?ér:\dtdg di.et%;(/I ether (3.x 100(1@61)%). -Ea!%h extract was
washed with wat el gthgnel the spigture wag wagaed e H0\G.sAftarrl 33 hithe goabamaliquot of

extracts were pugified o Ll Lca.gel |t | { 1 Dy, J irit

5080 : ot hyl achpabEUeinbye IBtBied ok pltbl Vs I dueg e RO HTARE

col I ect egs whi chs SosdirbtheH2 P biseiddkE. dTHE E€iBti6R WAS UeTE for 90 18 aC60°C after which
only 5,5'-dimethyl-2,2'-bipyridine was detected in the gc of the ether solution of

Y

an ether/water extracted sample of the reaction solution.

20 Example 31 Synthesis of 3.3’-dimethyl-2,2'-bipyridine
This example shows that 2-bromo-3-methylpyridine can be coupled in the presence of a

weak base, KOAc and Pd(OAc),. Ha

= N==

\_¢ \ 7

N
C
25 Ha

Placed 172 mg(1.0 mmol) of 2-bromo-3-methylpyridine in a reaction tube together with
281 mg (1.11 mmol) of the pinacol ester of diboronic acid, 22.5 mg Pd(OAc),and 300 mg
(3.06 mmol) of KOAc After addition of 5 ml ethanol the mixture was warmed to 80°C.
After6 h the ge of an aliquot of the reaction mixture (extracted with ether/water) indicated
30 the formation of the 3,3'-dimethyl-2,2'-bipyridine. The reaction was left for 65 h at 80°C

{ THIS SHEET HAS BEEN
REPLACED




aryl iodide, the pi nacol ester of 2- nitrophényl boronic acid and the pinacol .

ester of 2-w gidgophenyl boronic acid was taken to dryness m
bef ore addi nggbgﬂsol ution of di met hyl di oxi rane in acet Oneﬁ&gffibﬁ/@d\ﬂé’

stirring at roomtenperature for 3 h gc anal ysis shows only the pinacol -
ester of 2-nitrophenyl boronic acid and a snmall anmount of unreacted aryl

I odi de. 30 Exanpl es 33 and 34 show that N-chl orosuccini m de and

di et hyl di oxi rane can deconpose -46MD 98/ 45265

PCT/ AU98/ 00245 ' -48 - - t he

excess pinacol ester of diboronic acid in the presence of an aryl boronic

acid ester. after whlch@le?ﬁﬂj' pedlls detected in the ge, of the ether solution of &1 éther/water ~ 470
ng (1.99 nmol) of 4-bronobenzenesul fonam de were placed in a reaction tube

10 t oget her emmedsw phgjof thegeaption solytion,hwergih3c @me@lulér, ‘obippmidine fen/msany/a,

ggt 2sg?um a g?a*é"{)]ﬁ&ﬁgﬁe é@%lees{g}%h@oﬁm@acd 60% tn?]e(gi itzu?gol/v)asof/var med to

80[err]C for 6 h. An aliquot of the reaction m xture was t hen extracted
with CHerr]OJerr]/water. The gc of the CHerr]C[err] solution showed
that all tshe 4- br ono- benzenesul f onam de had been consuned and only a

little of t%h—mn S C|es %are dqed The product aryl boronic acid

ester was t z 284, M+ 1) observed. No

evi dence of a biaryl species was @—(} Exanpl e 36 20
. 4

10 Placed 14.9 mg Pd(OAc), (0.0665 mmol) and 72 mg P(o-CH,0CH,), (0.204 mmol) in a
reaction tube and dissolved the compounds in 2 ml DMSO at 60°C for 10 mins. to form
palladium phosphine complex. A dark red solution resulted. Then added 258 mg CsF
(1.70 mmol), 144 mg of the pinacol ester of diboronic acid, 105 mg 2-iodopyridine (0.51
mmol) and a further 2 ml DMSO. The reaction mixture was warmed to 80°C for 16 h.

15 The gc of the ether solution of the ether/water extracted reaction solution showed that the
reagents had been exhansted and the main peaks besides that of the phosphine were 2,2'-
bipyridine (g¢/ms; m/z 157, M+1) and o-anisylboronic acid pinacol ester (gc/ms, m/z
235, M+1). 2,2'-bipyridine is also formed when HCOOK is used as base.

When the reaction is carried out (80°C, 16 h) using tri-p-tolylphosphine (68 mg),

20 Pd(OAc), (14 mg), 145 mg (0.57 mmol) of the pinacol ester of diboronic acid, 118 mg 2-
iodopyridine (0.58 mmol) and 513 mg (1.45 mmol) Cs,CO, in 4 ml DMSO, the gc of the
ether solution of an ether/water extracted sample of the reaction solution indicated the
complete exhaustion of the dibdron ester and bromopyridine species and the formation of
2,2'-bipyridine. This reaction can also be carried out using tris-2,4,6-trimethoxyphenyl-

25 phosphine instead of the tri-p-tolylphosphine. The product was identified by. ge/ms (m/z
157, M+1). An adjacent peak (n/z 169, M+1) was assigned to the phosphine derived
species, 1,3,5-trimethoxybenzene.

30 Example 33



25 The pi nacol ester of diboronic acid (0. 154g; 0.607 mmol),

1-i odo- 3, 4-w0 98/45265hy| enedi oxybenzene (0.268g, 1.08 mmol), 2BAT/AU98/00245

PdCl [err] (dppf).CH err]C[err] and 0.361g (1.53 nmol )

ClerrJH err]OPOerr]Na[err].Herr]O were stirred in nethanol (3 nm) at
25[err]C for 17.5 h. 90% of the 30 di boron pinacol ester had reacted. After
reaction for a further 2 h at 40[err]C t7here was no WO 98/ 45265

PCT/ AU98/ 00245 s -49-

evi dence for any di boron pinacol ester and very little dinmer species in the
reaction sol ution even though the iodide was present in 100 % excess.

Af ter addition of m)re di bor on pi nacol ester (0.1075g, 0.408 mol), (to

2t doferr) & poRagl 8 1758587 ik inatiorSHRigebe 0.2 099 BEioD o i AP

was still %fldibdrohie atckua(u WFE 2o map)y Hi@dmn%@ﬁﬂpﬁdsgﬂat@@ 47 %6 202 mmol),

Cs[err]CCIer and err] O and warm n err] or 18.5 h the

reaction pﬁhﬁh@iﬁr@g, %hrrmqihm rmarstmdar lphwb(‘bﬁ & Q7

Wi 3 oh ”“@"’d'tﬂﬁp@?ﬁaﬁi‘é@rﬁ%ﬁﬂﬁﬁﬁ Filand 667t B iy ol il °0,

conver si on defectdifby'b afalflisr N.Chidfob®icinimide (D7 Sz, oG&nbl) WRRGdHe aid the
40[err]C all the aryI boronic acid ester had reacted. By gc, the product 10

cont ai ned tmectimrmixtorectiresd af neonyitemperamee. vifter 1y gg mysxsslmm noodiberonxcess
3-io0do- 2, 6- di et hoxypyri di ne and the main one the unsymetrical diaryl.
The ratio nﬂﬁyyﬁﬁetrical to symmetric diaryl as judged fromthe gc
(fid detection) was 96: 4. The ratio in favour of the unsymetric diaryl
woul d be further increased by not using excess of the initial halide and
optimsi k@ reaction tinmes and tenperatures. 15 Thi s exanpl e denpnstrates
t hat very Igttlﬁ gﬂ the symmetric diaryl is fornmed al ongsi de the

aryl boron g the disodiumsalt of phenyl phosphate as base and

met hanol as sol vent, even when the iodide is present in Iarge excess.

20 Exanpl e 37 [err]

) In a Schlenk tube, a solution of the pinacol ester of diboronic acid (2.02 g; 7.95 mmol),

2-iodonitrobenzene (0.981 g; 3.94 mmol), PdCL(dppf). CH,Cl, (97 mg; 0.12 mmol) and
15 potassium acetate (1.19 g; 12.1 mmol) in dry DMSO (20 ml) was placed under an
atmosphere of nitrogen and heated at 80°C with stirring. After 5 h gc analysis showed aryl

borate as the major product along with diboron compound and small amounts of unreacted
aryl iodide, biaryl and évidence of some reduction of the aryl borate to the pinacol ester of
2-aminophenylboronic acid. The reaction mixture was poured into water (40 ml) and

20 extracted into diethyl ether (3 x 100 ml). Each extract was washed with water (30 ml) and
dried over MgSO,. The combined extracts were purified on silica gel 60 eluting with a
petroleum spirit 60-80° : ethyl acetate (80:20) solvent mixture.

One of the fractions collected, which contained unreacted diboron compound, unreacted
aryl iodide, the pinacol ester of 2-nitrophenylboronic acid and the pinacol ester of 2-

25 aminophenylboronic acid was taken to dryness under vacuum before adding ;1 solution of
dimethyldioxirane in acetone. After stirring at room temperature for 3 h gc analysis shows
only the pinacol ester of 2-nitrophenylboronic acid and a small amount of unreacted aryl
iodide.

30 Examples 33 and 34 show that N-chlorosuccinimide and dimethyldioxirane can decompose



30 WD 98/ 45265

PCT/ AU98/ 0G94 98145265 The
pi nacol ester of diboronic acid (0.282g; 1.11 mmol), PCPRUSBI00245

3-1i 0do- 2, 6-di net hoxypyri di ne (0.532g, 2.0 mmol ), 24.5 ny

PdCl [err] (dppf).CH err]CO[err] and 0.974g (2.99 nmmol) Cs[err]CJerr] were
stirred in ethanol (6 m) at 40[err]C. On testing the reaction (go) after

20 h no trace of reactants or interid8d ates was found. The go of the
reaction solution, after washing an aliquot 5 dissolved in ether with
wat er, had only one peak (dinethoxypyridine) other than the strong peak

due to the ks Fﬁxa&ﬂ e3te? lof ATBOHGHiEBEIR ih Me YreSenks BF A RYIGYSME atid'Etep! Of
X

t he et hanol, extraction of an ether solution of the product with water,
drying (MgSd err]) and renoval of the di et hyl et her under vacuum The
reaction conditions (tine/tenperature) were not optim sed. 10 This
reaction denonstrates the utility of ethanol in the formation of symetric
diaryls. T gction was carried out at 40[err]C, but |owe
terrperaturregn.l&)i}%%'be enpl oyed, 4 anpl e 38 15 -

[err] 5 20 The pi nacol er of dj ic acid (0.363g; 1.43 mmol),
1-i odo- 3, 4- net hyl enedi oxybe 8 —80MNHpl ), 25 ng

PdCl [err] (dppf).CH err]d [err]
stirred in ethanol (8 m) at
and aryl boronic

470 mg (1.99 mmol) of 4-bromobenzenesulfonamide were placed in a reaction tube

10 together with 560 mg (2.0 mmol) of the pinacol ester of diboronic acid, 50.8 mg
PdCl,(dppf).CH,Cl,and 600 mg (6.12 mmol) of potassium acetate. After addition of 6 inl
DMSO the mixture was warmed to 80°C for 6 h. An aliquot of the reaction mixture was
then extracted with CH,CL,/water. The ge of the CH,C], solution showed that all the 4-
bromo-benzenesulfonamide had been consumed and only a little of the diboron species

15 remained. The product arylboronic acid ester was the only strong peak (gc/ms, M/z 284,

M+1) observed. No evidence of a biaryl species was found.

. Q C/\
The pinacol ester of diboronic acid (0.154g; 0.607 mmol), 1-iodo-3,4-
methylenedioxybenzene (0.268g, 1.08 mmol), 24mg PdCl,(dppf).CH,Cl, and 0.361g (1.53

mmol) C¢H;OPO3Na,. H,O were stirred in methanol (3 ml) at 25°C for 17.5 h. 90% of the
30 diboron pinacol ester had reacted. After reaction for a further 2 h at 40°C there was no

Example 36
20

25



ester give rise to the two peaks observed in the gc. Cs[err]CJerr] (1.3 g,
4.0 mol) {Hiyds/qagesnat er) was then added, together w th PCI/AU98/00245

2- brono-5-nmethyl pyridine (0.24 g, 1.4 nmmol), and the 25 reaction heated at
80[ertr]C for a further 22.5 h. The m xed diaryl is the major product

t oget her wi th unreacted 2-bronp-5-net hyl pyridine and sonme aryl boronic
acid ester. Thi s exanpl e denonstrgtes that certain aryl halides,
whi ch do not readily formthe aryl botoni c esters under chosen catal ytic

conditions, can be coupled with different aryl 30 halides to formthe

unsymetrical_ diaryl, wthout the water/base deconpositi,on of the excess
pi nacol est @mdsnced%/bw&mrownac%éﬁe'f and:yegy kittls direr sPFFéess‘BgEFrﬁ?Wso ofde.

-51-  Exanp) L . ' . Chi
Ltd as he ENGLORpaY thejodidsas MRSREiCIOBYARUEP hRE aciichT e bt WSRO BB
to 4-i odobergey (0. 75k, 01308!naty, Gorstotay of 1,02 dmal. Eonymretl Kocks08 el ordhes ver e

o convert - iodAeXasd AR GA" QE V7 bia BB AELLE ALAProR PR 51, H0IOUaE Faf sy
of i bor orf] dei i e pgHoadistian Ot kR D0k E8RG gnd 0 S 1 G5 RERAImRRHE"
Cat al yst PdQ@oPerfot 1815 hithe fehbtiorphedivm domtainky byitickan pidaco] gsted gnd(0trxeDf Mdjmer)
ai et Pyl or rkttscoRgidige padiec depeiGgenaied, (remmRuLGhyhiB SHSRALT 3 183661 1
400 (1) byl 5 MRS e o sy B A Kk
Pot assi um cafuliheraisch fedctioh atdDAC all Iz drylbertonicacikster hadvetacted. By ge, the product
10 contained two constituents, the minor one was' (by gcms) shown to be excess 3-iodo-2,6-
dimethoxypyridine and the main one the unsymmetrical diaryl. The ratio of unsymmetrical to
symmetric diaryl asjudged from the gc (fid detection) was 96 : 4. 'fhe ratio in favour of the
unsymmetric diaryl would be further increased by not using excess of the initial halide and
optimising reaction times and temperatures.
15
This example demonstrates that very little of the symmetric diaryl is formed alongside the
arylboron estér using the disodium salt of phenylphosphate as base and methanol as solvent,

even when the iodide is present in large excess.

20
Example 37

25

30



Typically, to a single well were added solution a) (500 [err]l) followed by .
solution b rr]l)f and potassium acetate (18 ng appro
iodobenzoy%wé%@&ﬂ&gdded and the tube seal ed under nitrogen. é%gm&ggngﬁts
were sonicated for 5 mn, then heated overnight to 80[err] in an oven
containing a nitrogen atnmosphere. The tube was cool ed, the crown renoved
and washed by imersion for 5 mn successively in DM, Solution c), DW,
met hanol and di chl oronet hane and then ab@-dried. In a fresh well were then
pl aced solution d) (500[err]l), solution e) (20 [err]l), solution f)
(50[.err]l) and solution g) (37 [err]l) and the m xture sonicated briefly.

The bor onat qle pina¥6] esief BAAIBOroRRRACH (023220 €1 mnidl); 3tiohs-2RdibRthoxpsiridine
nitrogen, and WO 98/ 45265

PCT/ AU98/ 00£0.532g, 2.0 mmol), 24.5 mg PdCl,(dppf).CH,Cl, and 0.974g (2.99 mgwl) Cs,CO5iwase

The tube wasibattde] (uBERoe, OF shitol il (bR g0 PR B0 B el offeathams
air dried. orintéhediabdWeds foamad. tmgdﬂfeﬁé/&dcﬁdmﬁﬂw, £t Whashilig aakguet on i n
trifluoroacetic acid (600 [err] In 5 atitre tube and the aC|d evggorated

under a ni% disgelwedsinethanwith uatgy, Me@lym@s perk(ditaethoxypsriding)sathe o8 %
d t
et it er ”%%%f AREHD b BRI 008 Y ¥ by sharitl i i e emoval of fhe efhanol,

per f or mance efradtion ofanethiep solatiorrofithé productovidpwvater, difing (Mg8OPam réfhovall ofithid

15 A sol ution of the pinacol ester of d| boronic acid (0.260

mol ), 1- Br dligtbylether wer(m!\m dhe deastion senditions (Hime mratgre}m notm%mmdon
Carbon (80 ng) and Cs[err]CJerr] (1.2 3.7 mol) in nmethanol (10 m)
was placed under nitrogen and heated at 55[err]C with stirring. After 16

hrs, gc analThs eactiontdemonsteates the utilitytafethansidn cied focmation dfeymmietrizrdiaiylst Mhe
roduct as the . nmaj or. onstl 83.5 with t startin
b j IRt (8ot A5 o

1- br ono- 3, 4-TERRUPA S ﬁg&e LY e ut lower temiperatures could be employ

Example 38

15

20 The pinacol ester of diBotonic acid (0.363g; 1.43 mmol), 1-iodo-3,4-methylenedioxybenzene
(0.310g, 1.25 mmol), 25 mg PdCl,(dppf).CH,Cl, and 0.365g (3.72 mmol) of KOAc were
stirred in ethanol (8 ml) at 50°C for 17 h. The excess diboron compound and arylboronic
ester give rise to the two peaks observed in the ge. Cs,COj3 (1.3 g, 4.0 mmol) (but no water)
was then added, together with 2-bromo-5-methylpyridine (0.24 g, 1.4 mmol), and the

25 reaction heated at 80°C for a further 22.5 h. The mixed diaryl is the major product together

with unreacted 2-bromo-5-methylpyridine and some arylboronic acid ester.

This example demonstrates that certain aryl halides, which do not readily form the
arylboronic esters under chosen catalytic conditions, can be coupled with different aryl
30 halides to form the unsymmetrical diaryl, without the water/base decomposition of the excess

pinacol ester of diboronic acid before addition of the second aryl halide.



accounting for the remainder (16.5%. 25 Thi s exanpl e denonstrates that

palladlun1 d support (carbon) can be used as a C

pal Ladi ur o 9a/342k4 BE Atk00245
PCT/ AU98/ 00245 53 -

Thr oughout this specification and the clains mhich follTow, unless the
context requires ot herwi se, the word_"conprise", or Tﬁg&ﬁ&ﬂ@ﬂkms hmﬁB
"conprises"” or "conprising", wll be 'Shnderstood to

of a stated integer or group of integers but not the

ot her integer or group of integers. 5 Those skilled i e art

appreci ate Examplel3® i nvention described herein is suscepti bI eto
variations and nodifications other than those §pecifically described. It is
to be understood that the in¥ ' =\ such variations and

nodi fications. The invention alg\ the steps, features,
conposi tions and conpounds refer i I ndigateg/in 10 this
specification, individually ool | ectve pe—afly and all conbi nati ons

of any t or nore of said steps or features.

PCT/ AU98/ 00245 . - 54- THE
CLAI V5. 1. A process for coval ently coupling organi c conpounds

whi ch conprises reacting an aromatic ring conpound having a

hal ogen or hal ogen-1i ke substituent at a coupling 5 position with a
di boron derivative in the presence of a Goup VIII netal catalyst

and a suitable base, wherein the aromatic ring conpound has an active
hydrogen  Macro crowislaipp liedﬁtcmon Miniotopes Ply Rtdasths Fhiee-protedted Rink/handle
coupl i ng organi c conpounds i ch conprises reactin
0 crown were deprotected and converted to 4-1odobenzoyl-lgmk handle crowns by standard
procedures. ‘The crowns were then reacted in the standard deep well plate with reagents as
appropriate to convert them to the boron deriviative and then with aryl iodide to form the bi-

aryl. The following solutions were pfepared: .

15 a) Pinacol ester of diboronic acid (107 mg) in dimethylsulfoxide (3.5 ml) (0.12 M)
b)  Catalyst PdCL(dppf) (10 mg) in dimethylsulfoxide (1 ml) (0.012 M)
c) Sodium diethyldithiocarbamate (0.5 g) and diisopropylethylamine (0.5g) in
dimethylformamide (100 ml)
d)  Iodo-2,4,6-trimethylbenzene (24.6 mg) in DMSO (1 mi) (0.1 M)
20 e) Palladium acetate (0.22 g) in DMSO (10 ml) (10.1 M)
) Triphenylphosphine (0.42 g) in DMSO (10 ml) (0.0.16 M)

g2) Potassium carbonate (4.14 molar; half—saturated) in water.

Typically, to a single well were added solution a) (500 nI) followed by solution b) (100 ul)f
25 and potassium acetate (18 mg approx), the iodobenzoy! crown added and the tube sealed

under nitrogen. The reactants were sonicated for 5 min then heated overnight to 80° in an

oven containing a nitrogen atmosphere. The tube was cooled, the crown removed and

washed by immersion for 5 min successively in DMF, Solution ¢), DMF, methanol and

dichloromethane and then air dried. In a fresh well were then placed solution d) (500.l),
30 solution e) (20 wi), solution f) (50.1) and solution g) (37 ul) and the mixture sonicated

briefly. The boronated crown prepared above was added, the tube sealed under nitrogen, and

THIS SHEET HAS BEEN
REPLACED




10 aromatic ring conpound havi ng a hal ogen or hal ogen-1Iike

substituent_at upl i ng position with a diboron J pve_in
t he presenc%’%(#agzc%* oup VIIl metal catalyst and a gﬁ)ﬁ‘&g&@%ﬁse,
wherein said reaction is conducted in the presence of a protic

sol vent . 15 3. A one-pot process for covalently coupling organic
conpounds whi ch conpri ses - reactirng an aronmatic ring conpound
havi ng a hal ogen or hal ogen-|i ke subst+$lient at a coupling
position with a diboron derivative in the presence of a Goup VIII netal
catal yst and a suitable base, wherein said diboron derivative is reacted
Wi th about the reactants retiivied Gsithie\ovbe 8t 80 °Gh a Bitiogen bmGspheére for 2P conpound to
forma symetrical covalently 20 coupl ed product, said reaction
proceedi ng via an aryl boron intermedi ate formed by reaction of
t he di boron rjwvatly 4t ! f [ i <
conpound, th %t{élge% o‘feog‘#df ﬂ}eg?%feg@gegg%%%?%gﬂh ﬁ: yg{?@%%ﬁ?‘%%& a‘arrdglr%!ti C
ring The prédutp a8 theh @lehesd frdrh ¢hecrrowh byl inhadioftin triflbotbaceticedoi (600 wl) in
coupling conprising coval ent _bond between ring coupling

posi ti ons %fate%mhen@tthplesid&wawmd undsrgmitrogen stream. The produet fpd .asb 4.
A . . . . .
Phe 0°CSS AalypaHY e (819 Biee) dShE Bpckftbflelth (RPN LT RGN,

reaction w tififz41240.1). remai ni ng aromati c ring compound.
PCT/ AU98/ 00245 - 55- - 5.
A process according to claim3 wherein the suitable base only catal yses the

formation 0le&$€)9§ng4 M&?n.&@; ﬁémgpftﬁe éﬁ&f&ﬁgﬁral é}gygﬁer%- added after

of t

t he t1on he"Internmedi ate to cata reaction of the
internedi e with the remai ning aromatic ring conpound. 5 6.
A process acg’({)rdi ng.to claim3 wherein said aromatic ring conmpound has an
active —‘m&irogen contai ni ng substituent. 7. A process
according to claim3 wherein said process is cond i in the presence 10
of a protic solvent. 8. A pr/eEer s fo ntfl y coupling organic

conpounds according to claim1 whi
. U

K

8eS:

A solution of the pinacol ester of diboronic acid (0.260g; 1 mmol), 1-Bromo-3,4-

20 (methylenedioxy)benzene (0.400g; 2 mmol), 10% Pd on Carbon (80 mg) and Cs,CO, (1.2;
3.7 mmol) in methanol (10 ml) was placed under nitrogen and heated at 55°C with stirring.
After 16 hrs, gc analysis of the reaction mixture indicated the formation of the product as the
major constituent (83.5 %), with the starting 1-bromo-3,4-(methylenedioxy)benzene
accounting for the remainder (16.5%).

25 '

This example demonstrates that palladium on a solid support (carbon) can be used as a

catalyst.



15 (1) reacting an aromatic ring conmpound having a hal ogen or

hal ogen- | i kgo 98/45265 substituent at a ring coupli ngcpasiodbeds W t h
a di boron derivative in the presence of a Goup VIII
nmetal- catal yst and a suitable base to form an aryl boron

i nternedi ate, and 20 (i1) reacting the arylboron internediate with
an organi ¢ conpound having a hal ogen or hal ogen-1i ke
substituent at a coupling position in fﬁ%'presence of a
Goup VIIl metal catalyst and a suitable base, whereby the aromatic ring

conpound is coupled to the or,gag‘iﬁ conpound, via a direct bond between
0;

respective dbrpighaut thisspesification and the claims which fpflove junlessithg captsrirequeires; ng
conpound ha t dro < ko " . S " gl 9.
A process. T SrEyE oo CERBRRCE A0 vBkRo P such o5 "comprieS S IBTNE, willbe
which 30  understoBtd ifply the inclusion of a stated integer or group of integers but not the

PCT/ AU98/ 00245 | . . - 56

(i) r eact iekglusion of anyeather ipteger orgEoHAAfdntegerS.ng a hal ogen or hal ogen- i ke
substi tue at aring coupling position with a diboron derivative in the
presence of a Goup VIII netal catalyst and a suitable base to form an
aryl boron i rpseskdiled in theraek will appreciate that the)invention idestgibed Gerefryisrnseeptible to
internediate with an organic cogﬁ}(;und havi ng al ogen or

h
hal ogen-| | kevasietiens andanedibcations otfer Ay thessispecsfically deswsitiod e berundérsiood
G oup VI , : . o
compound i s PApF lyeRlich fRhgBOM Such Vs A oaptEloReY ThE IR AR AISE | )"

respective Gasladésndl ¢¥Oode isteps\Sfeatures, compositiondafd ebmipaitidd réfefred toosindicated in
conducted in the presence of a Br otic solvent. 10. A process for

0
coval ent | 10 dhigppesificasioga individeadynrrelietivelbh and apy andall camgbinations of any twp or
reacting an ar i | nd havi ng a hal ogen or hal ogen-1i ke
substi t uent rg?rggﬁtrsﬁﬁggtécoggﬁﬁ?ér%%bsi tion with a di boron derivative in the




. REPLACED SHEET |
presence of a G oup VIII rret al catal yst and a sw tabl base to form an

aryl boron i at e, | Cd@escription : pagedi.iT}.. toguigedhgTwalt er and ' I
base to dec@#?sﬁgﬂ%nrea @ladintdr on paged .S ‘z .to paged .62...[deri vat r%ﬂﬁg&@ﬁ‘?
(iii) reacting the aryl hdDoawinpisper: peghidate.. wi gagedurrrjgani ¢ conpound havi ng
a 25 hal o@Eh Abstrival ogengedi.ke.. auhgtd L4en al_a_caupJ_an

position in the presencé-ef a. G oup nmet al cat al yst

and a suitable base, whereby the aronmatb4-ring “"SSheet
coupled to the organi c conpound via a di rect bond bet ween "
respective coupling positions. 30 _

PCT/ AU98/ O02H3E CLAIMS:
A process for covalently coupling organic corrpounds whi ch corrprl ses:

reacting an aronatlc ring conpound having a hal ogen or hal ogen-1ike

substi t uent cou i tion | boron deri ative
1 the. presehce o PEocese.{op Sofaificsbiling breRp sl il it Athiites Fac

base to form an ajrynee fiflg coBouRICHaIR a halogen or halogenite isishtitaefit 4th coupling
oxi di sing agent to deconpose excess_di boron” derivati ve;

reacting t51e arylpnsttmnwxmedmmradmmmlmuheor@amecnfcaﬁpmpﬁﬂlhmtahgatdyst

hal ogen or h n- Ilke substituent at a coupling position in the
presence of a Gr(ﬁi'ﬂ atl"‘gl%% netal catalyst and a suitabl e base
whereby the aromatic ring conpound is coupl ed to the organic
conpound via a direct bond between respective coupling positions. ! 12.
A process acZor di Ang:mqess:acabrdmgt(wiml wherein sdid diboxomiderivative iseneacteds with

sel ected from 15 or.os ni m de,. di neth | oxi rane, diaxygen
gas, chl orani ne- 7200 Bﬁ?vﬂ’r?a%‘% €nts of s ciaromangrmg °8mP8¥B‘f 19| &Sy mmetri arical

L D0, B O, A LIRS ko et
formed by reaction of the diboron denvatlve with about one equivalent of aromatic
ring compound, this arylboron intermediate reacting with the remaining aromatic

" ring compound to form the coupled pro&uct, said covalent coupling comprising a
covalent bond between ring coupling positions of two molecules of said aromatic

15 ring compound.

3. A process according to claim 2 wherein said suitable base catalyses both the
formation of the organoboron intermediate and the subsequent reaction with the
remaining aromatic ring compound.

20

4, A process according to claim 3 wherein the suitable base only catalyses the
formation of the arylboron intermediate, a stronger base being added after the
formation of the intermediate to catalyse reaction of the intermediate with the
remaining aromatic ring compound.

25
5. A process for covalently coupling organic compounds according to claim 1 which

comprises:

)] reacting an aromatic ring compound having a halogen or halogen-like

30 substituent at a ring coupling position with a diboron derivative in the

A




13. , A process for covalently ¢au Iit ol

20 wo 9/id265 eacting an 3t e
hal ogen-1i ke S H ring coupling position with
a di boron derivative in the i

nilé: onpounds whi ch conpri ses:
WIE% ound havi necprabeseges or
resence of a Goup VIII

metal catalyst and a suitable base to form an aryl boron
internedi ate, and 25 (i) _gggcting thé aryl boron internedi ate
wi th an organi c conpound having a hal ogen or hal ogen-1i ke
substituent at a coupling position in the presence of a

Goup VIII netal catal yst an Sui | e hase er eby. ar tic ring
conpound i s coupl ed tMBEﬁgﬁ?‘tp &awyé%‘fj?ﬁ'é@{bﬁﬁ%ﬁ‘a?%”g?%?h 30
respective coupling ibobdH itermediate, and

PCT/ AU98/ 00245 a1t : - 58 -

wherein the reaction of step (i) is conducted at a tenperature in the range

%e?e}[ﬁ t he sui tﬁaﬁg[%&%%%F@mﬁg'?ih}wﬁg&é@?ocg’i acgrggg‘l:ré ngvﬁéggroup
Carbonat o8 of L N, EaEeRlr RIS HKS Shtiuen) HY beiping RUREOILERE pA0nge of
phosphates, and aryl piGrpupVEE metal catalyshand<a suitablebas€;swherklbys icarematic sing of
lgl: koxi des of L:\la I\g ?%Pm&q‘%d%sém{;’ %%)é*\%g%&?g“m VW%@@%
compound 15— 00" fBikel cOingRRaflont’ B T P Ping conpaund. | 16,
A process according to any one of clains 8 to 13 wherein the aromatic ring

15 conpound is the sgnme as, t he organi ¢ conpound. ] A
process addcbrdi nd E‘G“%Fﬁﬁc“(?ﬁ&“‘gim glagm W %?’8 @%0%&%@%‘5&&&@?& frogp the

18. A process Mﬁirﬁg&?@%pne of clains 8 to 13 wherein the
erne

aryl boron 20 I 'nt I'ate 1s isolated prior to reaction with the
or gani ¢ conpound.

7. A.process according to claim 5 whcr_ein the aromatic ring compound is the same as

the organic compound.
15 |
8. A process according to claim 5 wherein water and a suitable base are added after
formation of the arylboron intermediate to decompose unreacted diboron
derivative.
20 9. A process according to claim 5 or claim 8 conducted in a single pot.

10. A process according to claim 5 wherein the arylboron intermediate is isolated prior

to reaction with the organic compound.

25 11. A process according to any one of claims 5 to 10 wherein the organic compound is

an aromatic ring compound having a halogen or halogen-like substituent.

12. A process according to any one of claims 5 to 10 wherein the organic compound is
an olefinic compound with a halogen or halogen-like substituent in a vinylic

30 coupling position.
[ ——

(N
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19. A process according to any one of clains 8 to 13 wherein the organic
compound i s an ol efi nhgsﬁdanmnmﬂ pliced a hal ogen o] I ke
subst i t ueWOPB4E63| nyl i c sitions. Ec&éﬁ%&é

process according to any one of

wherein at | east one of the -
aromatic ring conpound and the o orrpound has nore than one hal ogen

or hal ogen-1i ke substltuent '

PCT/ AU98/ 00245 - 59 - 21.
A process according to any one of clalms 1 to 20 wherein the Goup VIII

met al catal yst conprises palladium nickel or platinum 22.
A process 3gcor i prdcéss aeéaﬂhg&&eﬁharkwhemhahaammaﬁdﬁngmmunddlamapscﬁves a
5 pal | adl um cat al yst , A process according to claim 22
wherein the pal h osmmp}ngtsubgmae%m | adi um conpl ex. 10 24.

A process according to claim2l wherein the catalyst is a nickel conplex.
25. A process accordl ng to claim23 wherein the palladiumconplex is

sel ected fnam rocess accoiditig torcldim Polb&rein) jtdeask one of the aromatic ring compound

PdC dppf CH c Pd( PPh
Pd( PL[e;; ]rfﬂ( PE) ?:H% ;l;% lel}gal}ug:cfrq%n@p\n}% Mm%er r one Jxalogen or halogenénk& ,sugsn%

rel ated cat al yst s which are conpl exes of pal I adi um wi t h phosphi ne 15

| i gands. A process according to claim22 wherein the catalyst is
sel ected frgm t b%p%ceskmccordmgto any onenfickiimsd tofl4peidreiditherGooupc VI mekdladi um
on carbon, palladiumclusters and pal | adiumin porous glass. 20
27. A process catlst eomprises P@ll%ﬂl“mQPcme?fdﬂm% catalyst is selected from

t he group consi sting of nickel black, Raney nickel, nickel on
carbon and nickel clusters.

10 16. A process according to claim 15 wherein the Group VIII metal catalyst is a
palladium catalyst;

17. - A.process according to claim 16 wherein the pailadium catalyst is a palladium
complex.
15

18. A process according to claim 16 wherein the catalyst is a nickel complex.

19. A process according to claim 17 wherein the palladium complex is selected from
PdCl,, Pd(OAc),, PdClz(dppﬂCHZCIZ, Pd(PPh,),, palladium trianisylphosphine,
20 palladium tritolylphosphine, Pd(Ph,P(CH,),PPh,) where n is 2, 3 or 4, and
palladium tricyclohexylphosphine.

20. A process according to claim 16 wherein the catalyst is selected from the group
consisting of palladium black, palladium on carbon, palladium clusters and

25 palladium in porous glass.

21. A process according to claim 19 wherein the catalyst is selected from the group

consisting of nickel black, Raney nickel, nickel on carbon and nickel clusters.

30 22. A process according to any one of claims 1 to 21 wherein the diboron derivative is

A L
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28. A process according to any one of clains 1 to 27 wherein the diboron

derivati Vewb?sﬂ?zss an ester or other stable derivative gictgitsaroosdsc
aci d. 9. A process according to claim 28 wherein the diboron
deriyvative is a conmpound of the formula  30-

(RO[err]B-B(RO[err]

PCT/ AU98/ 00245 wherei n Fg_;.;_ optionally substIl'hls ot Has Replaced
aryl or -B(OR)2 represents a cyclic group of the“m # ]
where Rl err] is optionally substituted al kyl ene, arylene o nt
group 10 conprising linked.arpmatic and al jphatic noieties. 30.
A process of cl @WWWF@%‘P&FHE“‘&WB%@C‘?%PW&H‘Qe is selected fromthe
group consi sting of the pinacol ester of diboronic acid,

bi s( et hanedi ol at 0) di boron, bis(n- pr opanedi ol at o) di boron and

bi s(neopen®g] di @l proogssdictarding. to tiaim 223wherein/the ditres dedivative iva compoundadfirs
1, 8, 10, 11 or 13 conducted in the presence of a protic solvent.
32. A processﬂlﬁfoa‘ﬂﬂaone of clainms 2, 7 or 9 wherein the protic sol vent
s water,. an 20 al cohol or a m xture thereof. 33. A process
of clali m532 wherein the solvent is water, nethanol, ethanol, isopropanol

or a mxture thereof (RO)BB®O), A process according to any one of clains

2, 7 or 9 to 11 wherein the aromatic ring
wherein R is optionally substituted alkyl or aryl or -B(OR), represents a cycfic
group of the formula

o
10 | . / \Rl
\,/
where R! is optionally substituted alkylene, arylene or other divalent group
comprising linked aromatic and aliphatic moieties.
15
24. A process of claim 23 wherein the diboron derivative is selected from the group
consisting of the pinacol ester of diboronic acid, bis(ethanediolato) diboron, bis(n-
propanediolato) diboron and bis(neopentyldiolato) diboron. |

20 25. A process of any one of claims 1 to 24 conducted in the presence of a protic

solvent.
26. A process of claim 25 wherein the protic solvent is water or an alcohol.

25 27. A process of claim 26 wherein the solvent is water, methanol, ethanol, isopropanol
or a mixture thereof.

28. A process of any one of claims 1 to 27 conducted at a temperature between 0° and
120°C.
30

R
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conmpound has an active hydrogen containing substituent. 35. A
process of any one of clains 1 tOTlﬁs?sm@mdm&m iateda tenperatur

and WO 98483¢%rr] C. 30 claim 35 W?‘é‘?% 09?14@
tenperature is in the range of 15 L

PCT/ AU98/ 00245 - 61 - 37.

A process of any one of clains 8 to 13 wherein the suitable base of step
(i) is capabl e of catal ysing38eaction of the aromatic ring
conmpound with the di boron derivative, but not strong enough to
catal yse the further reaction of the aryl boron Internmediate with
the organi C2§0”pﬂ%}6ws§ofch§828 whréih dcfpefanst ad in e radperofils tbHO°Cui t abl e
base is selected fromthe group consi sting of aryl and al kyl

car boxyl at es and phosphates of Li.,, Na, K Rb, Cs, ammnl um and

?Ihléylsﬁmrggi ga]basélg@géséloggﬁé‘grso‘ﬁ%\ém%e aﬁmﬁr\?ﬁg%gcﬁs con | né’mﬂ ﬁir’é)l

and al kyl car boxl‘éa@ﬁ@ﬁoffﬂe%thﬂﬁﬁrmé‘d&ﬁmﬂ%ﬂﬁﬂﬂ dlborondenvativar but ot strong
Li, Na, K, Rb, Cs, ammonium al kyl anmoni um Ca and Ba;

phosphat ess, and angﬂghl‘los:phb{seéh r repgtionof the)arylbpron intermediate Mithdbe or s of
. anclmgis phenoxi des of Li, Na, K, Rb and Cs;

aI koxi des of Li, W% y Ro and Cs: and thallium hydroxi de.

40. A process of any one of clains 8 to 14 wherein the suitabl e base

utilised in the coupling reaction is selected fromcesium-

carbonat e, [3dt asdA processrafelaims3Gawherein the suitablebase fis Sm fl‘ﬂ?cﬂ%ﬂms 20

AP ol Ot ol e b EL N 8, 0

42. A fymcti on%&quﬂqnumgﬁmﬁ when prepared in accordance with the
process of 25 claim4l. . A process of any one of clains 8
to 14 wherein either the aromatic ri ng conpound

32.  Aprocess of claim 1 or claim 5 wherein the suitable base is selected from the

group' consisting of aryl and alkyl carboxylates, fluorides, hydroxides and
. carbonates of Li, Na, K, Rb, Cs, ammonium, albylammonium, Mg, Ca and Ba;
15 phosphates, and arylphosphates of Li, Na, K, Rb and Cs; phosphate esters of Li,
Na, K, Rb and Cs, phenoxides of Li, Na, K, Rb and Cs; alkoxides of Li, Na, K,
Rb and Cs; and thallium hydroxide.

33. A process of claim 5 wherein the suitable base of step (ii) is selected from cesium
20 carbonate, potassium carbonate and alkali metal hydroxides.

34. A process of claim 5 wherein one of said aromatic ring compound and said organic

compounds is a polymer.

25 35. A functionalised polymeric solid when prepared in accordance with the process of

claim 34.

36. A process of claim 5 wherein either the aromatic ring compound or the organic
compound is chemically linked to a solid polymer support.
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or the organic conpound is chemcally linked to a solid polynmer support.

30 WO 98/45265 PCTIAU98/00245
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A process according to any one of clains 8 to 14 | |nthe or anlc
compound is an aromatic ring conmpound ha

hal ogen-1i ke substituent. 45, A qyocess for oron
i nternedi ates conprising reacting an aromatic 5 . und

having a hal ogen or hal ogen-|ike substituent and an actlve hydrogen

cont ai ni ng bstltuent th a d| bor n der|vative in the presence of (3 oup
Vil 3. cees for ek £ ey ety comprising gE g fn BB (o1

preparing aryl bofxﬁ bﬂbﬁﬁﬂﬂvﬁg@hﬂ@ 6 ehﬂﬁ&tshﬁﬂlt@éiu%@ﬁﬁfatﬁvelo

ring conpound havihg a" hal ogen~or halogen-like substituent with a di boron
derivative in a hydrogen containing sibstintent mithsediberonfderivadiveuip the presemceaf a
catal yst and a sui.t abl e, base. , 47. A process for preparing
aryl boron inter n%‘&@%ﬁ?@bﬁb%ﬁ@%&%earomt ic 15 ring
conmpound Raving a hal ogen or halogen |ike substituent with a diboron
derivative in the presence of a Goup VIII netal and a suitable base at a

t enperat ure38.n t Aepmmgéomrepating aiiberor mtermedxates&ompn&ngrreMmg aacm:mnahmg
to claim47 wherein the s able se S | ect om t he , oup
consi sting of ar{g &ﬂ@PS'I' V&%\gr‘b %"sﬁ"ﬁ%e&c}ﬁﬁe stitpent W %Igﬁboé‘?ﬂj

carbonates of Li ﬁ#@m K mmgrﬁi?g 6@41?6u?mm
phosphat es, and g?' vo%%ﬁ?r?atsﬁgso} Li h% an phosphat e esters of
Li, . Nsmta&letﬁseand Cs, phenoxides of Li, Na, K, Rb and Cs;

aI kOXI desg,.of Li, Na, K - Rb and Cs; and thallium hydroxi de. 25
aroocess according to claim45 or claima46 wherein water or water

and. sui F ablgg A process aE@o?ﬂmganogﬂﬂ% SrIAREPTRASRIn Wake oF Gt aBR gﬁ’i’&lble

derivative. ron 1 nternedi ate prepared according to
t he process of abgseareadded to decompose unreacted diboron derivative.

40.  An organoboron intermediate prepared according to the process of any one of
15 claims 37 to 39.

41. A process for preparing an arylboronic acid by hydrolysing or hydrogenolysing an
arylboron intermediate of claim 40. '

20 42. A polymer prepared according to the process of claim 1 wherein the aromatic ring

compound has more than one halogen or halogen-like substituent.

43. A dendrimer prepared according to the process of claim 1 wherein the aromatic
ring compound has more than two halogen or halogen-like substituents.
25 |
44. A process according to claim 5 wherein the aromatic ring compound and the
organic compound are linked together such that the arylboron intermediate formed
after reaction of the aromatic ring organic compound with the diboron derivative

reacts with the organic compound to provide an intramolecular ring closure.
30
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30 clainms 45 to 49.
PCT/ AU98/ 00245 _ - -

A process MR85 ri ng an aryl-boronic acid by hydrol ysing 8@23]98/00245
hydr ogenol ysi ng an aryl boron internediate of cl ai mb50. 52.
A pol yner prepared according to the procegp.of any one of clains 1, 8 to 11
or 13 5 wherein the aromatic ring conpound has nomssﬁaamlas)lmenhaﬂag '
or hal ogen-1ike subst i tuent 53. A dendzmlml |I“|H“ﬁ|ﬁ“l
according to the process on laims 1, 8 to 11

wher ei n t hed®r ondiyl E‘WPW’E’&%&?&F fc A% than two hal ogen or

hal ogen-1i ke 10 substituents. 54. A process according to any
one of clainms 8 to 14 wherein the aromatic ring conmpound and the

or gani ¢ conmmmléaﬂfmmheg&-ﬂéﬁ,smmﬂm l,ﬁtﬁedmxghowm

I nternmedi ate fornmed after ction of -t c ring organi c conpound

with the 152-(4-Fluorophesy)-4.f ﬁgﬂmqtvi rﬁé h“’he organi ¢ conpound to

provide a - [ . borolxa Aryl bor on
@t eg Safpﬂeﬁfdﬁyﬁnt e dine-3 y12-4 4,5, 5 tkirgn&hfSIs 8-dioxaborofiae,

i nternmedi a
2- (4- N- Met hgl(é,ar-Bq:hegyl)bheft;yJS)S-tetmmsthsl-l 32rdioxabbralang, 3, 2- di oxabor ol ane,

2-(3, gl l[JDiC):rg %‘lﬁiﬂ“?‘e? n&ﬁﬁ#%%ﬁ%ﬁr%ﬂ@%‘%a (j‘).‘rlgl gngl oxabor ol ane,

4 - Bi phe Mﬂ&ﬁbﬁ §acﬂrb'éth'éxhﬂieﬁﬂ)“mws tetﬂai&tlédﬂ'maﬁﬂiw:élﬂﬂa

51.

Acet am -4, 4, t et T anet h di oxabor ol ane, 25 °
Met hox;l-(B—Bm:ximﬂMng«ﬁM#ﬁ,ﬁte&amﬁﬁyk-bﬁﬂdhex&bytdmes 2- di oxabor ol ane,

2-(
2- (4,
2- (4
2-(2-
2-(2-B th |
2 2 o Y e A ST 1 S totbagpler ol one.
2-(2,4- Dt ool abpidiiniptnd s, £ Sabkamb 3 2 dickafordisayabor ol ane,
2- (4-

2-(3,

Tri f1uorohet hyl p 5-t etramet hyl - 2- di oxabor ol ane, 30

tert- Bat-(ﬂ-'hﬁﬂnwm)lethy @y@-%@5;5atﬁﬁm¢hylil Zzﬂmabszmm ane,
5T DR & B SbY s Mibodadis) 0%2007 o e

2-(3,4 5-Tnmethoxypheny1)-4 4,5,5-tetramethyl-1,3,2-dioxaborolane,

15 2-(2-Methyl-4-methoxyphenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane,
2-(2,4-Dimethoxyphenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane,
2-(Thiophene-3-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane,
2-(4-Sulfamylphenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane,
2-(3-carboxy-4-aminophenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane,

20 2-(2-(1H-Tetrazole—5-yl)phenyl)-4,4,5;5-tetramethyl-1,3,2-dioxaborolane,
2-(4-Aminophenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane,
2-(3-Bromomethylphenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane,
2-(3-(1H-Isoindole-1,3(2H)-dionemethyl)phenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane,
2-(3-Hydroxyphenyl)—4,4,5,5-tetrameth§l—1,3,2—dioxaborola.ne,

25 2-(1H-Pyrazole-4-y1)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane,
2-(2-cyanophenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane,
2~(3-cyanophenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane,
2-(3-(acetyl)phenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane,
2-(2-Cyanophenyl)-5,5-dimethyl-1,3,2-dioxaborinane,

30 2-(3-Cyanophenyl)-5,5-dimethyl-1,3,2-dioxaborinane,
2-(4-Cyanophenyl)-5,5-dimethyl-1,3,2-dioxaborinane,
2-(2,4,6-Trimethylphenyl)-5,5-dimethyl-1,3,2-dioxaborinane,

[
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2- Met hyl,4- xyphenyl)-4,4,5 5-tetranethyl -1, 3, 2-di oxaﬁé\f,
2,4-Di m?ﬁg%%gnyl )-4,4,5, 5-tetranet hyl - 1, 3, 2-di oxaboro an’g,ba&}&us

4- Sul f anyl phenyl )-4,4,5,5-tetranet hyl -1, 3, 2- di oxabor ol ane;-—->5
3- car boxy-4-am nophenyl )-4, 4,5, 5-tetranet hyl -1, 3, 2- diroxahor gl
2- (1H Tetrazol e-5-yl ) phenyl) -4, 4, 5-8ltet ranet hyl -1 , 3, 2- b
4- Ami nophenyl )-4,4,5,5-tetranet hyl - 1, 3, 2-di oxabor ol ane, ”'

-(

- (

- (Thi ophene-3-yl)-4,4,5,5-tetranet hyl -1 , 3, 2- di oxabor ol ane,

- (

-( ane,

-( ﬁimﬁ eplaced
y i
- (3-Hydroxyphenyl )-4,4,5,5-tetranet hyl - 1, 3, 2-di oxabor ol ane

- ( 1H Pyr az2(2;4,6-Trimethtylphenyt)-3,5+dimetbylnl,B 24digxaborinaneabor ol ane, 10 .
-(2-cyanop |1)-4.4 »iel.r anet -1, 3, 2-di oxabor ol ane,
- (3- cyanOpﬁg}@%"ﬁ%}‘ﬁ?@'gﬁzﬁﬁlﬁﬁfﬂé@1 , 3, 2- di oxabor ol ane,
-(3-(acet ys. ; ofdRtelY! - 1, 3, 2- di oxabor ol ane,
-(2- Cyanopih ﬁﬁ@ﬂ@%ﬂéﬁ%@%ﬁlﬁ , 3,52- di oxabori nane,
- (
- (
- (
-(

2 - q/anopzrehga:xpkﬂax?-g{yﬁe?ﬂﬁ{&mgnﬁhg}mabﬁommmel5

- Cyan -8, 5-dj me - - di.oxaharj nane )

3 & S PR el SRR 4 3 3-AePaRs i A 2ioxaborolane,
2- QO . . _g! ﬂéalbﬂ 3l .

2- (4- gzggﬁﬁﬁ?‘“’%@% di ox abo? 81332r}§foxaborgl_a?el,

- Ox0i ndane- 2(3-Cydnot3 Hlubraphemyl )i 3{Brdiotabodolane]i oxabor ol ane, 20

2-(3-F | -4-hyd -o: get h 1)-4,4,5,5-tet thyl -1, 3, 2-di oxab |
e, 2 (kiR IS dStniae ) - %1 "5 4 oxabor ol ane, OXERRre
2- (2- Oyano- 345 MIARGRDS:BydnbmbttphicH) )5 BB, 3,2-dirabdiitang 0! € 2-v1) - 1,3

, 2- di oxabor ol'ane,
2- ( 2- Met NOx$-(3-Pheroxypheny)l 133,2-didRabbrifiand] net hyl - 1, 3, 2- di oxabori nane, 25

2 (Thi arol oiaTpee 21504 LS Riaein 2 Sossrottbor ol ane,
2-(3-Tri ' : . X ' 1
2. (4. Tri mot RSPzt 85 I ol hor o anc, and

2- (2, 4, 6- Tr R+(@<Trinhqtioxyyilylpheny])24. 415 Sxtetramethylr b,3,2-dioxaborolane, and

P
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

PCTI AU9BT 00373 4,6-Trimethylphenyl)-1,3,2-dioxaborolane. -6 -
15 . _
46. A process for covalently coupling organic compounds which comprises:

reacting an aromatic ring conipound having a halogen or halogen-like substituent at
a ring coupling position with diboron derivative in the presence of a Group VI

20 metal catalyst and a suitable base to form an arylboron intermediate;
adding a mild oxidising agent to decompose excess diboron derivative;
reacting the arylboron intermediate with an organic compound having a halogen or

25 halogen-like substituent at a coupling position in the presence of a Group VIII

metal catalyst and a suitable base whereby the aromatic ring compound is coupled

to the organic compound via a direct bond between respective coupling positions.

30 ' :
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56. A process according to claim25 wherein the palladiumcomplex is a

conpl ex of all adium w th a phosphine |igand sel ect e roup'
consi sting 535-43 tolyl)[err], P(i-Pr)[err], P(cycl ‘%@3@*’/@?

P(o-MeOPh)[err], P(p-MeOPh)[err], dppp, dppb, TDVPP, TTMPP, TI\/PP ;
TMSPP and rel ated water sol ubl e phosphi nes. .

-62-

47. A process according to claim 46 wherein the mild oxidizing agent is selected from
N-chlorosuccinimide, dimethyldioxirane, dioxygen gas, chloramine-T, chloramine-
B, 1-chlorotriazole, 1,3-dichloro-5,5-dimethylhydantoin, trichloroisocyanuric acid

and dichloroisocyanuric acid potassium salt.

o
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