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COVALENTLY COUPLI NG ORGANI C COVPQMM“WM"’ "m“mvent ion relates to a process
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covalently linking an ol efinic noiety wjaan organoboron internmediate to

ot her organic conpounds. The invention also relates to a process for the
preparation of the 5 organoboron internedi ates. Process for forning
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and Catal ysts (lnnovations in Organic Synthesis by J. Tsuji, John Wley &
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such car bon oS- inddde the Michael reaction and reactions described in the following references:
Transition Metals in the Synthesis of Complex Organic Molecules (L.S. Hegedus, University
Science Books, 1994, ISBN 0-935702-28-8); Handbook of Palladium Catalysed Organic
Reactions (J. Malleron, J. Fiaud and J. Legros, Academic Press, 1997, ISBN 0-12-466615-
15 9); Palladium Reagents and Catalysts (Innovations in Organic Synthesis by J. Tsuji, John
Wiley & Sons, 1995, ISBN 0-471-95483-7); and N. Miyuara and A. Suzuki, Chem Rev.
1995, 95, 2457-2483.

Catalysts of palladium, its complexes and its salts are well recognised for activation of C-H
20 bonds towards coupling reactions. In this regard the Heck reaction of an alkene with an aryl
or vinyl halide in the presence of palladium derivatives has been the subject of intensive
study. However commercial development of the Heck reaction has not 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. -
25
The success of the Heck reaction depends to a large extent on the substrates and the reaction
.condiu'ons. When two B-hydrogens are present in the alkene the reaction generally leads to
the formation of the (E)-alkenes which are often contaminated with the corresponding (Z)-

alkenes.
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- It has now been found that alkene borates can be synthesised from haloalkenes or pseudo-
haloalkenes under mild conditions and in the presenée of a range of substituents. This process
overcomes or at least alleviates one or more of the limitations encountered in the use of the
hydroboration methodology and is fundamentally different in that the starting material_is an

15 " alkene and not an alkyne. Coupling of the alkenylborates with an organic compound may be

achieved in the presence of Group VIII metal catalyst and a suitable base.

Accordingly the invention provides a process for covalently coupling organic compounds
which comprises reacting an olefinic compound having a halogen or halogen-like substituent
20 in a vinylic coupling position with a diboron derivative in the presence of a Group VIII metal

catalyst and a suitable base.

In one embodiment this process may be used to prepare a symmetrical product. In this
embodiment the coupling proceeds In two steps. In the first step the diboron derivative reacts
25 with an olefinic compound in the presence of the Group VIII metal catalyst and suitable base -
to form an alkene borate intermediate, this intermediate reacts in the presence of base with
remaining olefinic compound. According to this embodiment the covalent coupling comprises

a covalent bond between coupling positions of two molecules of olefinic compound.

30 Preferably the suitable base used to catalyse the reaction with the diboron derivative is also




whi ch conprises reacting an ol efini¢c conpound havi ng a hal ogen or

‘hal ogen-1li ke substituent 20 in a vinylic coupling position with a diboron
derivati vewiowsidsgsspr esence of a Goup VIII netal catalyst EA/AUSO0474DI e
base. In one enbodinment this process may be used to prepare a synmetrical
product. In this enbodiment the coupling proceeds in two steps. In the
first step the diboron derivative, reacts" 25 with an ol efinic conmpound in
the presence of the Goup VIII netal catalyst and suitable base to form an
al kene borate internediate, this internediate reacts in the presence of
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coupled to the
and a suitable base to form an alkene borate intermediate, and

reacting the alkene borate intermediate with an organic compound having a halogen
15 or halogen-like substituent at a coupling position in the presence of a Group VIII |
metal catalyst and a suitable base, whereby the olefinic compound is coupled to the

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

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

compound.

It is especially convenient to conduct the process in a single pot without isolation of the alkene
25 borate intermediate, however it has been found that the presence of unreacted diboror_i_
derivative can interfere with the coupling step, resulting in the formation of unwanted by-

products.

Accordingly in another embodiment of the present invention there is provided a process for

30 covalently coupling organic compounds which comprises:



organi ¢ conpound via a direct bond between-the respective coupling » it
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conpound havi ng a hal ogen or hal ogen-1like substituent at a coupling
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coupling reaction. In this case there is no ;geed to add further base with
the organic. conpound in the coupling reaction.

Preferably the reaction is conducted in a single pot, although it is possible to isolate the alkene
borate 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 suitable for
15 catalysing the coupling reaction. In this case there is no need to add further base with the

organic compound in the coupling reaction.

In another embodiment, after formation of the alkene borate intermediate, the coupling of the -

alkene borate intermediate with the organic compound is achieved by increasing the
20 temperature of the reaction mixture to a temperature sufficient for said coupling reacting to

occur. In this embodiment it may not be necessary to.add a stronger base to catalyse the

coupling reaction.

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

following the formation of the alkene borate intermediate.

Accordingly in a further embodiment there is provided a process for covalently coupling

30 organic compounds which comprises:



I n anot her enbodi nent, after formati.on of.the al kene borate . internediate,
the coupling of the alkerie borate internediate with the organic conpound
i s achi evedvys/5892y easi ng .the 20 tenperature of the reacti @CTAYISN0E76 O a
tenperature sufficient for said coupling reacting to occur. tn this

enbodi ment it nmay not be necessary to. add a stronger base to catal yse the
coupling reaction. In cases where there3s a need to renove excess di boron
derivative but the use of water or 25 water and base is del eterious
because of the sensitivity of substituents, etc, or other factors the
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hal ogen-1i ke substituent at a vinylic coupling position with a diboron
derivative in the presence of a Goup VIII netal catalyst and a suitable
base to fdérm an adémpe midaxalising egene b de¢composadxkiesydiornir derbvatide;si ng agent
to deconpose excess di boron derivative; reacting the al kene borate

I ntermedi ate with an organi ¢ conpound having a hal ogen or hal ogen-1ike

substituent at a _coupli ' A r n of.a (X0 I
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positions. The mld oxidising agent may be any conpound which will break
the B-B bond of tnhesaldédpalyssrand desuitableibase mierehiitbé olefinmocorspoundgs enuplgh to the
break boragn-carbon bonds of the al kene borate internedi at q Suitable mld
oxi di si ng%agent s CBRINCURPRHASYIR &idHEr BRI RENBSEAGREPGHES cquplig RSO e- T,
chl oram ne-B, 1-chlorotriazole, 1,3-dichloro-5,5-dinethyl hydant oi n,
trichl oroi socyanuric acid and di chl oroi socyanuric acid potassiumsalt.

The mild oxidising agent may be any compound which will break the B-B bond of the diboron

derivative but which is not strong enough to bfeak boron-carbon bonds of the alkene borate
intermediate.  Suitable mild oxidising agents are N-chlorosuccinimide, dioxygen gas,
15 chloramine-T, chloramine-B, 1-chlorotriazole, 1,3-dichloro-5,5-dimethylhydantoin,

trichloroisocyanuric acid and dichloroisocyanuric acid potassium salt.

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

20 strong oxidants does not form part of this invention.

The terms "olefinic” and "olefinic compound” as used vherein refer to any organic compound
having at least one carbon to carbon double bond which is not part of an aromatic or pseudo
aroinatic system. The olefinic compounds may be selected from optionally. substituted
25 straight chain, b}anched or é.yclic alkenes; and molecules, monomers. and macromolecules
such as polymers and dendrimers, which include at least one carbon to carbon double bond.
EMples of suitable olefinic compounds include but are nc;t 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,

30 cyclooctene, non-1-ene, non-4-ene, dec-1-ene, dec-3-ene, buta-1,3-diene, penta-1,4-diene,



Oxi dants such as hydrogen peroxi de, ozone, hrom ne, t-butyl hydroperoxide,
-pot assi um persul phate, sodi'um hypochlorite and peracids, are too strong
for use in tWovgRgLsess; use of 20 strong oxi dants does not t. of
Jthis invention. Tﬁggterns "bl efinic" and "ol efinic conpound” %gﬁggg%&ﬁgfein
refer to any organi c conpound having at |east one carbon to carbon double

bond which is not.part of an aromatic or_gpseudo aromatic system The.

ol efinic compounds may be selected fromoptionally substituted 25 straight

chai n, branched or cyclic al kenes; and nol ecul es, nononers. and

macr onol ecul REE YRl drimers, . which.incl t |east, one
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pent-1|-ene, pent-2-ene, cyclopentene, 1-nethylpent-2-ene; hex-I|-ene,

hex- 2- ene, hddreferable the stedighteshainebraheed-dr-ayebic atkepe conteins betvegein-Bard@0 carbon
oct-l-ene, oct-2-ene, 30 cyclooctene, non-l-ene, non-4-ene, dec-I|-ene,

dec- 3-ene, b#UPS% 3-diene, penta-1,4-diene, WO 98/58935 PCT/ AU98/ 00476 -6
cycl opent a-¢l, 4-di ene, hex-1, diene, cyclohexa-1, 3-diene,

cycl ohexa- 1, 4-di ene, cyclohepta- 1,3,5-triene and

cycl ooct a- 1, 3noné etmbodimesne theeslefinio fcomipoaid 138y cdigpcuptiofAédmula gubst i t ut ed.
Preferably the straight chain branched or cyclic al kene contains between 2
and 20 carbon -atonms. 5 In one enbodinment the olefinic conpound is a
conmpound of formulal RR CCQ 10 R X where R, R2 and R3 are each

i ndependent |y sel ected from al kyl R%al kenyl, al ynyl, aryl, heteroaryl,
acyl, arylal kyl and heteroaryl al kyl ach of-which may be gptionally
10 ~ AN
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where R', R? and R® are each independently selected from alkyl, alkenyl, alkynyl, aryl,
heteroaryl, acyl, arylalkyl and heteroarylalkyl (each of which may be optionally

15 substituted), cyano, isocyano, formyl, carboxyl, nitro, halo, alkoxy, alkenoxy, aryloxy,
benzyloxy, haloalkoxy, haloalkenyloxy, haloaryloxy, nitroalkyl, nitroalkenyl,
nitroalkynyl, arylamino, diarylamino, dibenzylamino, alkenylacyl, alkynylacyl, arylacyl,
acylamino, diacylamino, acyloxy, alkylsulphonyloxy, arylsulphenyloxy,' heterocycloxy,
arylsulphenyl, carboalkoxy, carboaryloxy, alkylthio, benzylthio, acylthio, sulphonamide,

20 sulfanyl, sulfo, carboxy (including carboxylato), carbamoyl, carboximidyl, sulfinyl,
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,

25 and X is a halogen or halogen-like substituent.

As used herein the term "organic compound having a halogen or halogen-like substituent at
a coupling position" refers to any organic compound héving a carbon to halogen or carbon
‘to halogen-like substituent bond at a position where coupling to the olefinic compound is

30 desired. The organic compound may be aliphatic, olefinic, allylic, acetylenic, aromatic,



15 substituted), cyano, isocyano, fornyl,. carboxyl, nitro, halo, alkoxy,
-al'kenoxy, aryloxy, henzyloxy, hal oal koxy, hal oal kenyl oxy, hal oaryl oxy,

ni t roal kyl wostssessl kenyl , nitroal kynyl, aryl am no, diaryl aRCR&\U98/00476

. di benzyl am no, al kenyl acyl, al kynyl acyl, arylacyl, aclam no, diacylam no,
acyl oxy, al kyl sul phonyl oxy, aryl sul phenyl oxy, heterocycl oxy,

aryl sul phenyl, carboal koxy, carboarylox%: al kyl t hi o, benzylthio, acylthio,
sul phonam de, 20 sul fanyl, sulfo, carboxy (including carboxyl ato),
carbanmoyl, carboximdyl, sulfinyl, sulfinimdyl, sulfinohydroxinmyl,
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and hydr ohydr ox osphot yi uani di_nyil Ll ' nd. ureyl ene, 25
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"organi ¢ conpound having a hal ogen or hal ogen-Ili ke substituent at a
coupling position" refers to any organic conpound having a carbon to

hal ogen of The feans "4iromhed"capdriatomatic sompound( s beaddhesein gefsos ior anyncarpraguad or
coupling to the ol efinic compound is _30 desired. The organic conpound
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organi ¢ conpeungiedf fiduBleOeysOinckde Gut prehet diblited tbeteneere, bipirchy6, tenptiengEn
or hal ogen-1l1ke substituents at coupling positions. 5 The terns "aromatic"”
and " ar onmat qeaterphpmynd hephthaleneys detrahydeonaphpiene, t bbenwyinaphtbalgrer oanthRseRs.y
whi ch includes or consists of one or re aromatic,_or pseudoaromatic_rj :
The. rind® SyBanEEREN ERTE A e, Gibabguhacens, ihsagBEEEAS TRt oy dife
pol ycyclic gi iGRE: 3k igE, SulibpRking, r bagDHisende REhtBsMidpHene,
limted to %gﬁggﬂéiﬁﬁﬁheawﬂ?gﬁ%enyl , : %%Igt erphenyl{gﬂnapht hal ene, e

t et r ahydr ongfirithenen éurad, pgreny, niagienbafueas , chaombne cxameheng O phenoxathiin, pyrrole,
di hydr oant hr acene, benzant hr acene,  dj benzant hr.ace_ngz, phenant hr,ac,ege, i
peryl ene, pimidazaie pyrazole, pyrazine, pyrimidine, pyridazine, indole, indolizine, isoindole, purine,

quinoline, isoquinoline, phthalazine, quinoxaline, quinazoline, pteridine, carbazole,

15 carboline, phenanthridine, acridine, phenanthroline,. phenazine, isothiazole, “isooxazole,
phenoxazine and the like, each of which méy be optionally substituted. The terms "aromatic”
and "aromatic compound(s)" includes molecules, and macromolecules, such as poly-mers, _
copolymers and dendrimers which include or consist of one or more aromatic or
pseudoaromatic rings. The term "pseudoaromatic” refers to a ring system which is not

20 strictly aromatic, but which is stablized by means of delocalization of m electrons and behaves
in a similar manner to aromatic rings. Examples of pseudoaromatic rings include but are not

limited to furan, thiophene, pyrrole and the like.

The term "coupling position” as used herein refers to a position on an organic compound at
25 which coupling to another organic compound is desired. A coupling position on a carbon
atom which is part of an olefinic carbon to carbon bond is also referred to as a "vinylic
coupling position”. Each olefinic compound or organic compound may have one or more,

preferably between 1 and 6, coupling positions.

30 In this specification "optionally substituted” means that a group may or may not be further



4- phenyl pyri di ne, 3-phenyl pyridi ne, thiophene,'benzothiopﬁehé, .  .

-napht hot hi ophene, thianthrene, furan, pyrene, isobenzofuran, chronene,

xant hene, Rheog¥@RENi in, pyrrole, imdazole, pyrazole, pyrazﬂd}%wwooqs. '
ol'i ne,

pyrimdine, pyridazine, indole, indolizine, isoindole, purine, “quin
t soqui nol i ne, phthal azi ne, qui noxal i ne, quinazoline, pteridine, carbazole,

15 carboline, phenanthridine, acridine,gahenanthroline,_ phenazine,
i sot hi azol e, isooxazole, phenoxazine and the |ike, each of which nay be
optionally substituted. The terns "aromatic" and "aromatic conpound(s)"

dondr s mor 5 LRI, ot o RECERUGT selBHES il DT Bk, "R TEHN, Tak,
pseudoar 0nahélealki/logﬁaloma@nyq,emmdhn@aggoaﬂemt,i ﬁ&d{oﬁera}k&xg, Balkdri}So s, S%ﬁl‘i@xy,

which is not 20 strictly aromatic, but which is stablized by means o
del ocal i zat benzytdxyn hal xpnbalaaliienydorgy dwloarylozy ,sisoé¢yano, opamoe fotmylacarbekyls

rings. Exanples of pseudoaromatic rings include hut are not |imted to
furan, thio _Qngl,troa@yﬁ&tg)agﬁgﬁ I‘?étrqa:llﬁg‘yl"ﬂ‘l'é‘)%!"rﬂlﬁ%ﬁﬁfpi‘wlpé&n@q’cﬂkﬂé@mo,
used hereicng ?{%ﬁino I $10 O 03070 | .
coupling F odlgﬁégt erBb?%g’%q?%dgﬁ%@%%ﬂ%e%ﬂa@d.ﬁ&gm %%P?ltﬁg b;g)%zg'\ii\%glﬁ’ SRe:
carbon at oalkyhinie, i dkealimind, alkynylahine| arganbo) Seazpahken @B&leﬁniﬂg,s%cyl,
or

referred to as a "vinylic coupling position". Each olefinic cofpoun
or gani ¢ conplsemtagydy alkavdacitie aptacybr acylamines disglaninnet aoyboxyl aigdswdphonyloxy,

opuP! L PO SRRy T BB PREC, o S b BRI eSS
substi t ut edamzltsmpga@logrymll;ﬁ,elgip@%ombﬁﬁt @a@b&a@ﬂ}kﬂﬁg@ﬁ" hﬁg}glrio, Aoy o,

aryl, hal o, aloalky1, hal' oal kenyl , hal'oal kyn oXYy,

al koxy, aPkanyythiox yylplzompunadoy sulfdngh sylfoand pheaplerhkouytainig gmht;ﬂrh?ﬂf(@?yﬂlyl, silyl,
nitro, nitroalkyl,

hal oaryl oxy,, i sQcyang, ang, fornyl, carboxyl . )
ni troal kenyﬂ#y%ﬁygo%%"?s’mlt rﬂ?ﬁnz%XSﬁﬁi’tﬁm@bwylﬁlylﬂkmh@ﬂox}’ silyl and .

ol e o bty 1o, el ke artno, alloman i, antanno
arylimno, benzylimno, dibenzylamno, acyl,
The olefinic compound must include at least one halogen or halogen-like substituent at a
15 vinylic coupling position to enable reaction with the diboron derivative. Similarly the organic
compound must have at least one halogen or halogen-like substituent at a coupling position
to enable reaction with the alkene borate intermediate. Preferred halogen substituents include
I, Brand Cl. 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
20 substituent" and “pseudo-halide” refer to any substituent which, if present, may undergo
substitution with a diboron derivative in the presence of a-Group VIII metal catalyst and base:
to give an alkene borate intermediate, or if present on an organic compound may undergo
substitution with an alkene borate intermediate to give a coupled product. Examples of
halogen-like substituents include triflates and mesylates, diazonium salts, phosphates and
25 those described in Palladium Reagents & Catalysts (Innovations in Organic Synthesis by J.
Tsuji, John Wiley & Sons, 1995, ISBN 0-471-95483-7).

The process according to the present invention is especially suitable for coupling olefinic
compounds containing substituents which are reactive with organometallic compounds, such

30 as Grignard reagents or alkyl lithiums, therefore unsuitable for reacting using standard



al kenyl agyl, al kynylacyl, ar3'lacYl; acYl am no, diacylamno,’

-acYl oxYal kyl sul phonyl oxy, -aryl sul phenyl oxy, heterocyclyl, heterocycl oxy,
het er ocycl w gsssgodzal ohet erocycl yl, . al kyl sul phenyl, aryl sul plaamies/ood7s

car boal koxy, carboaryl oxy mercapto, alkylthio, benzylthio, 10 acylthio,

sul phonam do, sulfanyl, sulfo and phosphorus-containing groups,

al koxysilyl, silyl, alkylsilyl, alkylal9oxysilyl, phenoxysilyl,

al kyl phenoxysi | yl, al koxyphenoxy silyl and aryl phenoxy silyl. The olefinic
conmpound must- i nclude at | east one hal ogen or hal ogen-1i ke substituent at a
15 vinylic gapRirhReiRRIdidzy AnlebPthesabbsinledRCire first piotdetddreOde bustoelass of reactive
derivative. Srmlarly the organic conpound nust have at |east one hal ogen
or hal ogen- hubstinentssaret the attive hpdrogerpLontainngssubstientso Ehg e r a4lve;hydrogenn
t he al kene borate internedjate. Preferred hal ogen, substituents |nclud

Br and O . 9qomainggSybstifuentys ag Hredy erg%ge??r[sutpe SBP%#%&W CWl?lFﬁgmg%Sogn%%‘:dcvgn
be increase S ctg s FTNE TR e o MRk
catal yst. #%mgéﬁnnag&rﬁh(,ﬁ)%glg% Iofagﬁ%gsgg%g?il{luent " tg%dﬁd?gggjeggeﬁgﬁdggﬁ refoér
to any sulsimihyeitetylénos Barbbily (ichritiy cartroxy late)d earbamogl leatbdxirnidyh, sulfoh salfinyl,
di boron derivative in the presence of a Groulp VIl netal catal yst and base
to give an silfisimédylosufiechydrosimylesufoaimigyl, isulfendisaidyl, shlfapehydsemmyl.cobpaEhd
may undergo , supstitution.w th an al kene borate i |.ate '

coupl ed pr OHWB‘ arﬂﬂoé&’ lImlg}‘llal 88%58- P ﬁ‘é’gm"%@#@%ﬂbl @oﬁéﬁﬁsﬁ?aggl,
and nesyl at LaZ Ofi sal h h 1desifph | fuanidino,
Pal | adi um Rggcésepﬁ'%) g&&Gféggigﬁgsél??m?\?éﬁﬁ%ﬂaﬁoﬁggﬁ?‘?w&nt hgs ibl?qby@].

Tsuj i, JohnhyMimyyl&ufisds, antioabyleh<SBRf 0hes? SubGu@Ris7it is Pareicplady suspriscagthal ty

to the present inventjon is especially suitable for coupling alefinic. .
conpounds Oc &#ACHPAI 3§ %BQW‘{CEF@nWé‘hm%ﬂX%@BSr%B?is\'fgswgrﬁsd gvdﬁ‘ﬁn%r? theis bigh
conpounds, sugch. . 30 i rdir P I inq@ L,8h:

unsui t abl e f%FHYlgacgiﬁﬁagﬁb% sfi gﬁ’?g%m\%\o%%‘? %é@ég&gﬁ‘# A %eﬂggg%g&ﬂﬁ gal base.
Gignard megindoleadivelibanserthprRids thsiethylstipl.s are first protected. One

such class of reactive substituents are the active hydrogen containing
substituents. The term "active hydrogen

In the above definitions, the term "alkyl", used either al_one or in compound words such as

. 15 "alkenyloxyalkyl", "alkylthio", "alkylamino" and "dialkylamino" denoteslstraight chain,
branched or cyclic alkyl, preferably C;_9q alkyl or cycloalkyl. Examples of straight chain

and branched alkyl include methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-
butyl, amyl, isoamyl, sec-amyl, 1,2-dimethylpropyl, 1,1-dimethyl-propyl,' hexyl, 4-
methylpentyl, 1-methylpentyl, 2-methylpentyl, 3-methylpentyl, 1,1-dimethylbutyl, 2,2-

- 20 dimethylbutyl, 3,3-dimethylbutyl, 1,2-dimethylbutyl, 1,3-dimethylbutyl, 1,2,2,-
trimethylpropyl, 1,1,2-trimethylpropyl, heptyl, 3-methoxyhexyl, _l-methylhexyl, 2,2-
dimethylpentyl, 3,3-dimethylpentyl, 4,4-dimethylpentyl, 1,2-dimethylpentyl, 1,3-
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-tetramethylbutyl, nonyl, 1-,

25 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-methyldecyl, 1-, 2-, 3-, 4-,

5-, 6- or 7-ethylnonyl, 1-, 2-, 3-, 4- or 5-propylocytl, 1-, 2- or 3-butylheptyl, 1-pentylhexyl,
dodecyl, 1-, 2-, 3-, 4-, 5-, 6-, 7-, 8-, 9- or 10-methylundecyl, 1-, 2-, 3-, 4-, 5-, 6-, 7- or 8-

30 ethyldecyl, 1-, 2-, 3-, 4-, 5- or 6-propylnonyl, 1-, 2-, 3- or 4-butyloctyl, 1-2-pentylheptyl and



contai ni ng substituent” as used herein refers to a substituent which.
‘contains a reactive hydrogen atom Exanples of such substituents include

but are notyd bdseed to hydroxy, amno, 5 imno, acetyleno, %%’rp /00476
J(including carboxyl ato), carbanoyl, carboximdyl, sulfo, sulfinyl,

sul finimdyl, sulfinohydroxinyl, sulfonimdyl, sulfondiimdyl,

sul f onohydr oxi nyl, sultanyl, phosphinylg- phosphini m dyl, phosphonyl,

di hydr oxyphosphanyl, hydroxyphosphanyl, phosphono (i ncludi ng phosphonat o),
hydr ohydr oxyphosphoryl, all ophanyl, guani dino, hydantoyl, ureido, and

ur eyl ene. tihese 1t SR ST P i 1y j: Si t

reaction cgﬂegg&éon%gﬁ%% ymﬁ?%aﬁy%lr }>S<§/&gl¥1 g%hﬁolo}s[&%?{c?yﬁ%r?{l@li%}%v?%\%ﬁgg%
their hi gh cycRpedpMi tcyclobatybosytiopeatill f @yeloHetye chtlskeptyl, ecycRcdilC)cyclononyl,
substituents may require additional base. Qher reactive substituents

i ncl ude triayelddgeyiang|the like.t he above definitions, the term"alkyl", used
ei ther alone or in conpound words such as 15 "al kenyl oxyal kyl ",

"al kyl thio", "al kylam no" and "di al kyl am no" denotes straight chain,

branched @rrgyedrf "QIEKX}L'” ﬂée*{&?éasf){i%m cﬁ%m%} ﬁ#ea?ﬁ&ld%%:p?@#e%ly Cp5gmalesy Of

straight chain and branc I ncl ude propyl,

i sopropyl, les df atkouy yriclude enetlmxlyy bthotye mi-properyy isoppyky ardsthedifferent butoxy
sec-anyl, 1,2-dinmethylpropyl, 1,1-dinethyl-propyl, hexyl, 4- methylpentyl,
1- met hyl pens@mers2- net hyl pentyl, 3-nethyl pentyl, 1, 1-dinmethylbutyl, 2,2 20
di met hyl butyl, 3, 3-di nethyl butyl, 1,2-dinethylbutyl, 1,3-dinethylbutyl,
1,2,2,- trimethylpropyl, 1,1,2-trinethylpropyl, heptyl, 5.-nethoxyhexyl,

1- met hyl hexje te%nz“all&:ingﬂdé)‘lbﬁé? EFddps fermieddiromt daighe Rhath,; brinbhedi sredyavit RERhY |

1, 2-di met hyl pentyl, 1,3- dinethyl pentyl, 1,4-dinethyl-pentyl,

1, 2, 3, - t 10 nmtladingueshy]enically 2mpno-predinydrbpolylynsamtatgl alkyil next layélbalkyl groupsy bs
6- et hyl heptyl, 1- hyl he I , 1,3, 3-tetranet hyl hutyl,. nonyl, . 1-, -,

3-, 4-, 5 ,Pfe‘-’loagly%%%{‘@%/‘{wrg{?\éb}x ,&2320, algfén,y?-s- ,X@PP%P%I%P RYEE 9’}11,}'1,131?)’512_%'

o 37 ORY gty IRRE), vy, Pmptfno fliemh, 1 ple gL ey

2- , 3- , 4- :cﬁz-lopeﬁtenylz- 1-h8xemt, ,Q-fm!d,tr’(}yl Edgclxahexehyl,, P-hept8ayl, éB—-hep,téiy,l, G—-ocm,ényl, ,

7-ethyl nonyl, 1-, 2-, 3-, 4- or 5- p{o yl ocytl, 1-, 2-_aqr. 3-butyl hedptyl ,

1- pent y 1hexgyiclooctegyb clyponepyl, Znonegyl, ﬁ-ngnqpy}, bdecepyl, Fdecegyl, ok, 3-butadienyl, 1-

10- met hyllkmég,sgﬁ'tgdieﬂil’, 1,23'-cycf’6penéaien?l', ’l,ﬁhexaﬁier&[, -18,4-hex'adienyl, 1,3-cyclohexadienyl,

1,4-cyclohexadienyl, 1,3-cycloheptadienyl, 1,3,5-cycloheptatrienyl and 1,3,5,7-

cyclooctatetraenyl.

The term "alkynyl" denotes groups formed from straight chain, branched or cyclic alkyne

20 including those structurally similar to the alkyl and cycloalkyl groups as previously defined,

preferably C, 5 alkynyl. Examples of alkynyl include ethynyl, 2-propynyl and 2- or 3-
butynyl.

The term "acyl" either alone or in compound words such as "acyloxy", "acylthio",
25 "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 C; 5 acyl. Examples of acyl include
carbamoyl; straight chain or branched alkanoyl such as formyl, acetyl, propanoyl, butanoyl,
2-methylpropanoyl, pentanoyl,. 2,2-dimethylpropanoyl, hexanoyl, heptanoyl, octanoyl,

30 nonanoyl, decanoyl, undecanoyl, dodecanoyl, tridecanoyl, tetradecanoyl, pentadecanoyl,



y y -, 5- or 6-propylnonyl, 1-, 2-, 3- or

-4-putyl octyl, 1 2 pentylheptyl and WD 98/58935 PCT/ AU98/ 00476 -10 the
like. Exanples -of cycllc al kyl include nmono- or polycyclic al kyl groups
such as cyclo - cycl obutyl, cyclopentyl, cyclohexyl, cycl oheptyl,
eycl ooct yl ,W‘é9§/ g%/myl cycl odecyl and the like. 5 The terrﬁ@H&H%ﬁ%&%
denotes straight chain or branched al koxy, preferably Cl-20 al koxy.
Exanpl es of al koxy i ncl ude nethoxy, ethiﬁ n- propoxy, isopropoxy and the
different butoxy isomers. The term "al kenyl" denotes groups fornmed from
straight chain, branched or cyclic al kenes 10 including et hyl enical ly
nono-, di- or poly unsaturated al kyl or cycl oal ky roups as preV|oust
def i ned, prhé)mdawlpybmept}ldeadney\lyloctaéﬁ%ampvgsﬂ%ﬁd yAnd| igesapend; \aikppycarbonyl

T pont enyl | SRS P8 pRRRBIRYAE o e P RLCA I SHB PO SR 1) 2nd
cycl ohexeny ept roQﬁPafrﬁé%Jl c?c'lﬁ?ﬁl@ﬁlﬂbnyllstﬁﬁt ﬁné’)lclopr@p\@%ﬁB@ﬁﬁ nﬁé&cloﬁnt@ﬂﬁ%ﬁﬂyl

2- nonenyl , dece 3-decen 3- but'adi eny

4, pent adi enwcloﬁenaylcamb@pemtcadydmydx,ylchxtﬁ:ﬂiy&xaﬂtytsngfbnyl1sufthhes<anﬂatby1ymlfonyl and
1, 3-cycl ohexadi e ty 1, 4- cycl ohexadi enyl , 1, 3-cycl ohe&t adi enyl
1, 3, 5- cychobdplsat pnﬂnwﬂkmwl’mnx 5uc1rL as- eftioskiulfosy arch gthoxyswifonyl: rarexl rysh,as

el udi ng. ¢ HEzevEy FRitelr 18 SRR ARy, SIS Blleiabiosh el YL
- previously E‘?"%ﬂa@ﬁ‘@f’ I G H%h'}ibhbﬁn%l %ﬂex@liﬁﬁﬂ&ft&lyl Emﬂylp@ﬁtaﬁéyladdaywe Ylh@%rw%

et hynyl , or 3 The term "acyl" ‘either alone or
in conpoundan@rd@hﬁh;ddﬂkamy’l aeyg. oxxyphthylawyh hhaphthyl@®piroyy | amd rmaphtrylbutanoyl;

"di acyl ani no" d b | | d |
coh?Siyn?ﬂ’g”Swngﬁ%Sﬁéffwﬁx?T g bRk o Ei « Sheflarapradiiy. PR Ghugpoyl
'gjt 56°SY Gl Bbliellibboyl! SHeRfiBEETY Oarte plﬂgﬁﬁﬁ%}{&yl' SndYdphaBASKESAR! .g.

naphthylpropenoyl, naphthylbutenoyl and naphthylpentenoyl); aralkoxycarbonyl such as

phenylalkoxycarbony! (e.g. benzyloxycarbonyl); aryloxycarbonyl such as phenoxycarbonyl
and napthyloxycarbonyl; aryloxyalkanoyl such as phenoxyacetyl and phenoxypropionyl;
arylcarbamoy! such as phenylcarbamoyl; arylthiocarbamoyl such as phenylthiocarbamoyl;
15 arylglyoxyloyl such as phenylglyoxyloyl and naphthylglyoxyloyl; arylsulfonyl such as
phenylsulfonyl and napthylsulfonyl; heterocycliccarbonyl; heterocyclicalkanoyl such as
thienylacetyl, thienylpropanoyl, thienylbutanoyl, thienylpentanoyl, thienylhexanoyl,
thiazolylacetyl, thiadiazolylacetyl and tetrazolylacetyl; heterocyclicalkenoyl such as
heterocyclicpropenoyl, heterocyclicbutenoyl, heterocyclicpentenoyl and heterocyclichexenoyl;

20 and heterocyclicglyoxyloyl such as thiazolylglyoxyloyl and thienylglyoxyloyl.

The terms "heterocyclic”, "heterocyclyl" and "heterocycl" as used herein on their own or as
part of a term such as "heterocyclicalkenoyl”, heterocycloxy" or "haloheterocyclyl" refer to
aromatic, pseudo-aromatic and non-aromatic rings or ring systems which contain one or more |
25 heteroatoms selected from N, S, O and P and which may be optionally substituted.
Preferably the rings or ring systerhs have 3 to 20 .carbon atoms. The rings or ring systems
may be selected from those described above in relation to the definition of "aromatic

compound(s)”.

30 The term "aryl" as used herein on its own or as part of a group such as "haloaryl"” and



car banoyl ; straight chain or branched al kanoyl such as fornyl, acetyl,
‘propanoyl, butanoyl, -2-nethyl propanoyl, pentanoyl, 2,2-dinethyl propanoyl,
hexanoyl , Wepésaaeisl, octanoyl, 30 nonanoyl, decanoyl, undecgaﬂﬂuggmmm
_dodecanoyl, tridecanoyl, tetradecanoyl, pentadecanoyl, WO 98/58935.

PCT/ AQ8/ 00476 -11 hexadecanoyl, heptadecanoyl, oct adecanoyl, nonadecanoyl

and i cosanoyl; al koxycarbonyl such as 1get hoxycarbonyl, ethoxycarbonyl,
t - but oxycar bonyl, t-pentyl oxycarbonyl and heptyl oxycarbonyl;

cycl oal kyl carbonyl such as cycl opropyl carbonyl, cycl obutyl carbonyl,

cycl opextyl @ygﬂ: SrovlatieaRa Pyt doad.rKﬁ‘lhﬁéJhB §%t rifif GPstdSis composed
nmet hyl sul fo%@lIl né}bgﬁg?hﬁrégiﬁ)onyﬁ al kgbﬁyusu | f onyl sugh as rgre hoxysul Pgﬁeyl
and et hoxy 8 tirbsry htorrs] eptionally kogesher matizanel or moﬂedmydroanmsnépbfemwy the rings or

ar al kanoyl such as phenyl al kanag e. g. phenyl acet phenyl pr opanoyl ,
phenyl but amtng symﬁ@avesbweynﬁan%ﬂ@ Gosnatamey | T %&“ﬁﬁ@ﬁﬂ%%’é%‘}% PaYah'Fd

napht hyl al kano acet

napht hyl butOQHBE)/?”)( s‘é&&ﬁﬂ%‘ﬁ (F]¥réal¥cﬁe é‘ls}e%%gﬁ@}‘bﬁ"g%@g@?’% 3%89 o5 Btrl%npéongﬁ?l
phenyl butgelagﬁb oﬁq)fpawimmﬁm@ 1, phenyl pent enoyl and phenyl hexenoyl
and naphthyl a Lenoy e.g. naphthy propenoyl napht hyl but enoyl and

napht hyl pent enoyl ) ; aralkoxycarbonyl such as phenyl al koxycar bonyl (e.g.

benzyl oxycar bonyl ) ; aryloxyca bonyl suc henax
napt hyl oxyddesiiayen defativeinay ‘éﬁ%ﬁters‘ﬁ e&émglﬁ

Y ? g{%l&%g Q((‘.jld Examples

Clicn aa pnalhyFieble, B ‘Jgn%%ﬁg?éb%fb’?%@3&%‘%”@@?%32‘& AT

napht hyl gl yawsinaxd alkarorloptibatip whbstiiedd @91 orpBEOR), seprésenisla ayetic group of formula
napt hyl sul fonyl ; heterocycliccarbonyl; heterocyclical kanoyl such as

t hi enyl ab®et yl thlenylpropanoyl thlﬁ?ylbutanoyl t hi enyl pent anoyl ,
thienylhexanoyl thlazolylacetyl

heterocyclicalkeoyl such as het ropenoyl het er ocycl i cbut enoyl ,
het er ocycl i cpent enoyl and hetero?@qélc noyl ; 20 and
heterocyclicglyoxyloyl such as thia egoxonyI and t hi enyl gl yoxyl oyl .

The terns "heterocyclic", heterocyclyl and "heterocycl" as used herein on

their own Ovsr/here R’ is optionally substituted alkylene, arylene or other divalent group comprising linked

15 aliphatic or aromatic moieties. Preferred dlborqn derivatives include bis(pinacolato)diboron
(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 facilitate

20 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 BrB(NMe,), by reaction

25 with a stoichiometric amount of BBr3. Reduction in refluxing toluene with sodium metal
gives the diboron compound [B(NMe,),], which, after purification by distillation, can be
reacted with the alcohol (for example, pinacol) in the presence of a stoichiometric amount of
HCl to give the desired ester product. Bis(neopentanediolato)diboron is described by Nguyen
et al [Nguyen, P., Lesley, G., Taylor, N.J., Marder, T.B., Pickett, N/L/, 'Clégg, w.,

30 Elsegood, M.R.J., and Norman, N.C., Inorganic Chem. 1994, 33, 4623-24]. Other methods

di azol yl acetyl and tetrazol yl acetyl;



part of a termsuch as "heterocyclical kenoyl ", heterocycl oxy" or,

-*hal oheterocyclyl"-refer to aromatic, pseudo-aronmatic and non-aromatic

ri ngs or. rwo@ssgssens whi ch contain one or nore 25 het eroat pa¥/Asebestred

fromN, S, 0 and P and which nay be optionally substituted. Preferably the
rings or ring systens have 3 to 20 carbon atons. The rings or ring systens

"~ may be selected fromthose described ad8ve in relation to the definition of

"aromatic conpound(s)”. 30 The term"aryl" as used herein on its own or as

part of a group such as "haloaryl™ and WO 98/58935 PCT/ AU98/ 00476 -12

"aryl oxycaffomy prepaeitiinSoft the ditondt derhanidepweulddbedtrmmwat iocthosenmstheartr i ng

systens corrposeé) of carbon atons, optionally together with one or nore

het eroatons. Preferably the rings or ring systens have between 3 and 20

oy e oop Te gt G gL il SadiRt TR et R SR Uptalyeh EOb ik R
of "aromat iy g@gg%;pfiglé) 'éﬁo&ﬁqaahkfggﬁmee% iCHRkiME AR ErRfheBAne Ned¥s, _@B(slaz gse,r

stabl e deriv oronic acid. Exanples of suitable esters include
t hose of & he8$.o0ERuhple RuRBnR{RINnZludd B cPthand Pdo plriefarabily yhe catallystt is taytadlddium

al kyl or optionally substituted aryl or -B(OR)2 represents cyclic grqu
of fornul acatalysy asglescribed Belaw, althaygh paalegqus Cé‘ﬁ‘ﬁ’%ﬁﬁ?‘ﬁ? ém}/ﬁéséaﬂa Iéﬁg
aryl ene or .ot her, diyval C LS| ' [ We: | C
oot 1 os. PEQRErT RS b Bl AT Pl no b el S, SERY ofiglRd cREFSA
(the pinacebRst fid fickéli dIestar8iod aafititl colptexet B e bab)BidPt @italgsts include
bi s(n- propanedi ol at 0) di boron and bi s( neopent anedi ol at 0) di boron. Some of
the di bor oplaienindadky pkatimithlontsarbenaad platioirn glusters or a platinum complex. The Group

10 VIII metal catalyst may additionally include other metals.

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,),
and related catalysts which are complexes of phosphine ligands, (such as o

15 (Ph,P(CH,) PPh, where nis?2 to 4, P(o-tolyl),, P(i-Pr),, P(cyclohexyl);, P(o-MeOPh),,
P(p-MeOPh),, dppp, dppb, TDMPP, TTMPP, TMPP, TMSPP and related water soluble
phosphines), related ligands (such as triarylarsine, triarylantimony, triarylbismuth),
phosphite ligands (such as P(OEt);, P(O-p-tolyl),, P(O-o-tolyl), and P(O-iPr),) and other
suitable ligands including those containing P and/or N atoms for co-ordinating to the

20 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 ai)sence of ligands. The palladium
catalysts include palladium and palladium complexes supported or tethered on solid
supports, such as palladium on carbon, as well as palladium black, palladium clusters,

25 palladium clusters containing other metals, and palladium in porous glass as described in
J. Li, A. W-H. Mau and C.R. Strauss, Chemical Communications, 1997, p1275. The
same or different palladium catalysts may be used to catalyse different steps in the
process. The palladium catalyst may also be selected from those described in U.S. Patent
5,686,608. In éertain reactions there are advantages in using ligands with altered basicity

30 and/or steric bulk.



anenabl e to subsequent hydrolysis than others and may allow for .t he use of
‘mi'l der reaction conditions. Furthernore, judicious choice of the diboron
_derivati vgglsgskosy facilitate 20 control over the reactionp E%ﬁ%%§
formed. The diboron ester derivatives may be made follow ng the nethod of
Brotherton et al. [RJ. Brother-ton, A L. MC oskey, L.L. Peterson and H
Steinberg, J. Arer. Chem Soc. 82, 62-4124-(196); R J. Brotherton, A L.

McCl oskey, J.L. Boone and H-M Manasevit, J. Amer. Chem Soc. 82, 6245
(1960)]. In this process B(NWe2)3, obtained by reaction of BCL3 with
NHMe2, is converted to BrB(NMe)2 by reaction 25 with a stoichionetric
anount of BBr3. Reduction in refluxing toluene with sodiumnetal gives the

d' bor on CQ[QB\‘H:‘B&Si Blai\de ppAdrmedtin edy smfabmrsorlmmt for salivemrmbsturt. SExdrhples ofisuchan
reacte th the al cohol (for exanpl e, coI l@’l(n t he gr esence of a
st oi chi ongbhientsaimobnde lower ﬂ@ haly agd\their I"réteEFeg’} raliphghg sarboxylic acids,

Bi s( neopent anedl a di bo ) y %‘9”%? e

Lesl ey, Geyclia ﬁlh tl‘Nz' @dqgﬁ%bl' Qfglﬂ%: ril/th eeb“%égaﬁ BI%WC %ngyhc
El segoo ,anlif€y, BMB O, Ghrihaticl oc%@onﬁ@ﬁﬁo%@lhane
O her Hgaé\%l%g?g%l% PCT/ AU9 /00476 -13 for theﬁ%?eparatlon of the
di bor on dejcewsHiiriies bemdnitrites déthereyn polyethiarss ecyichic t étherar dowdh aramatin etherpand
VIIl metal catalyst" as used herein refers t‘ﬂ a catal yst conprising a netal
of Group Smixturelshgsesf, derleding BEUERS I BUET SHVeMeni cal and Engi neeri ng

News, 63(5), 27, 5 1985. Exanples of such netals include Ni, Pt and Pd.
Pr ef erabl y the cat alyst is a palladiumcatal yst as descri bed bel ow,

al t hough aj?'{é iol@éﬂt@lrﬁéﬁidé radthiohesth&Foduisopfiophnate DMSOIMDME| divxahe, DME.
Exanpl es of suitable Ni catalysts include nickel black, Raney nickel,

ni ckel on diearybethean@HF okslixtres shespaf wrﬂla@ﬂaﬁroﬂ@é\renés@rrﬁw@basnomrr«pmes frgm the
suitable Pt catal yst s ncI ude Hﬁl at.i.num bl ack&‘gaat num.on car bon

pl at i num clolipngs is geperal yp‘F‘ﬁteFSﬁﬂ @8%‘? X TRES s 0\?IVI'2}“3"r'r’étpzﬂ:fe(irzggaI"‘;/téet
may additio +1¥ of ﬂ@%@%f&ﬁ'&?&ﬂ[@h@é fnay Hecusefll WAinUHe GAlahtY Ste ABYarP§dfdus.

pal | adi um & es of suitablé palladium catalysts includé but
are not limted to PdC12 Pd( QAc) 2, Pdd 2(dppf)CH2C12, Pd(PPh3)4
The temperature at which each step of the process according to the invention is conducted will
15 depend on a number of factors including the desired rate of reaction, solubility and reactivity
of the reactants in the selected solvent, boiling point of the solvent, etc. The temperature of
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.
20
The term " suitable base" as used herein refers to a basic compound which, when present in
the reaction mixture, is capable of catalysing, promoting or assisting reaction between
reactants. The base may be suitable for catalysing:a single step, or more than one step,
depending on the desired outcome of the reaction. For example a base may be chosen which
25 catalyses reaction between the olefinic compound and the diboron derivative, but which is not |
strong enough under the conditions used in the reaction to catalyse further reaction of the
alkene borate intermediate with additional olefinic compound or other organic compound.
In this case water or water and a stronger base may be added to decompose excess diboron
derivative, and which may also catalyse reaction of the alkene borate intermediate with the

30 orgénic compound. It is also preferable that a base is chosen which is soluble in the solvent



and rel ated catal ysts which are conpl exes of phosphine |igands, (such as 15
(Ph2P(CH), , PPh2) where nis 2 to 4, P(o-tolyl)3, P(i-Pr)31 P(cyclohexyl)S3,
P(.0- McOPh)Weo 98B4g3sMeCOPh) 3, dppp, ‘dppb, TDWPP, TTMPP, TMPP, POUBRBI&#N476
.related water soluble phosphines), related |igands, (such as
triarylarsine, triarylantinony, triaryl bisnmuth), phosphite |igands (such
as P(CEt)3, P(Op-tolyl)3, P(Qo-tolyt}3-and P(O-iPr)3) and other suitable
| i gands i ncl uding those containing P and/or N atons for co-ordinating to
the 20 pal |l adium atons, (such as for exanple pyridine, alkyl and aryl

subst i t ut egh WMich G i988ded? Exampl¥is 0¥ baskg whielt kel sustatile fort eatalyising tie repeyinn olithe

and bul ky secondary or tertiary am nes), and, other singl all adiym salts
either in olefinir esmpeendowithithe ioren deriyaingsincipde ﬁ%‘(ﬁ@gaiaj %%{S%’Daé‘f’%%‘

i ncl ude pal | adi um and. pal | adi um conpl exe e 0 [
supports, &XATAPKSPYIATSIUMYACHIAIEh %{@Eﬁeﬁ(yéii oégg{)ggfs&ggﬁaé%fi (}Jﬂr]r?{ﬁ ﬁg%’kg’ Wi,
pal | adi um , L UKAoC lctas 1 hatédaritar9iphesphaedsalfLi, dNadK,
pal | adi um %@%‘ﬁ@s“@é@@@%b@ r’icbéét(‘jggiBﬁ’ plgd-%ﬁu . A thgh gl\?lau and Cl: R
Strauss, 5CReMndds; Paosptiae eders (e CHROP(ONON,) of hé, NeaKe Rby G, amsnesigm and

I 1 adi tal yst b dt t al I ff I, st ' h
P ocoss. | TalkypmmommIPbenoaldss of iy al RoRBand S IGaIdes Bt tEeKdBect
in U S Patent 68 08. . | [ ' . ; '
usi ng | i gabtls RHR Y EPBifenaSfiat pf sk YKt A ok JSEE i chaRRH, 37850 plase
PCT/ AU98/ 04 Ger re]aéerﬁhlﬁudargqsﬁéxwe beerapRy foiBtuinsakayr el drethestisabyvent or

sol vent m xture. EXanples of such solvents include | ower alcohols, and
their esters with the lower aliphatic carboxylic acids, cyclic and the

car boxy i PoEsaableadt W RUABK Fa BRIEC 0D AL, TR R TP DA, i Bgipgron
hydr ocar bo LLr bikd B | 447+l i iate,
pol yet ner saeityzive.9TRE RERraly3aBhARE dhe fitnehRALEM dftht Beht DB1e% ntermediac

i ncl udi ng fckide eyl viridhalkyhesrbsoylmesyt Suomiesf end qrhosptiatesnof LinNaudg§, Rb, Cs,
met hanol , et hanol, isopropanol, DNVSO DM, dioxane,

. DVE,
ammonium and alkylammonium. Depending upon the reaction temperature stronger bases,
such as carbonates, may be used.

15

Examples of bases suitable for decomposing excess diboron derivative and/or catalysing
reaction of the alkene borate intermediate with the organic compound include the stronger
bases listed above, including cesium carbonate, potassium carbonate, potassium phosphate and
alkali metal hydroxides.

20
As used herein the term "alkene borate intermediate” refers to-the product of the Group VIII

metal base catalysed reaction between an olefinic compound having a halogen or halogen-like
substituent at a vinylic coupling position and a diboron derivative, the product including a
carbon- to -boron bond at the coupling pdsition.
25 "

In another a§pect of the invention there is provided a process for preparing an alkene borate

" intermediate comprising reacting a diboron derivative with an olefinic compound having a
halogen or halogen-like substituent and an active hydrogeh containing substituent in the
presence of a Group VIII metal catalyst and a suitable base. '

30



10 diethyl ether, THE or m xtures thereof with other solvents. Exclusion of
‘water fromthe solvents is generally not essential and in sone cases the
presence QfoWaksasi s preferred. The addition of further di peraiodRbipéat i ve
.may be useful when the solvents are not anhydrous. The tenperature at

whi ch each step of the process according to the invention is conducted wll
15 depend on a nunber of factors includgng the desired rate of reaction,
solubility and reactivity of the reactants in the selected sol vent,
boiling point of the solvent, etc. The tenperature of t he reaction wil |

general ly O I

process isPrb%W?re%gE&%% lfé“r’r%%u(ragtﬂ{ljér?% et vvlggg rBE 0"%l P ore pra&?é? ggfate
bet ween 0 Afcime30fee, coMtbrisks reacties dioyorbdérnvesive wamdoléﬁﬁzc cfnpouadtianing'a
“suitabl e base" as used hereln refers to a basic, conpound which, when
present i nhalogen erdulgendikeiswbstiteent insa prgsistiobvent inctie Aresenemyof » Cager VAY rmetal
assisting re ctl on, bet, F react ants. The base may be suitable for

cat al ysi ng® % €more than one step, depending on the desired
out cone Qf the reactl on. For exanple a base nmay be chosen which 25

catal yseS reaction between the ol efinic conpound and the di boron
derivativea gt sty b the porificatiinr ofhtheealkerghbenatteinterinediae do tformed wsaydbeé nhe

the reaction to catal ¥se further reaction of the alkene borate
i nt er medi adecompoition @i ambensesseliarom derivasivp by the Bse oft Water.ovgishard sabis base,

In this case ter or. wat onger base nmay be added to deconpose
excess di bBFB%ed‘ésﬁQfaatW oxi(ﬁ%u&ﬁ?é may al so catal yse reaction of the
al kene borate internediate with the 30 organic conpound. It is also

preferable that a base is chosen which is soluble in the solvent WO
98/ 58935 OPT /2AREHe® C8FG:t of 1be inyenho |the|r¢ 1y proxii¢dcn p@xasspﬂoesth@pr&mszémnvwﬁ ah

G bor on. demiesais wEoHnaRa s bYCRGS e ARy oSl Trironax A fescnbed'®
pot assium %glﬁé %Et?%(llsrxéd n‘;ﬁ&ﬂ?e% m@a%ﬁ@'ﬁrcﬁ%‘i’s ic arrhenah % uaf dllbbronl\'iaestﬁvat e

Cs, ammoni i rum M, Ca, & Ba;” phosphates and aryi phosp
of Li, Na, S6me alkene borate intermediates are more amenable to hydrolysis than those derived from

bis(pinacolato)diboron. This method only relates to alkene borate intermediates which are

15 boronic esters.

Some of the alkene borate intermediates and olefinic boronic acids are novel and represent
a further aspect of the present invention. Examples of such novel alkene borate intermediates
which may be prepared according to the présent invention are listed in Table 2, while some

20 known alkene borate intermediates prepared in accordance with the present invention are

listed in Table 1.

25

30



5 Rb and.Cs; phosphate esters (eg. C6FI50P(0O) (ONa)2) of Li, Na, K, Rb, GCs,
-ammoni um and al kyl ammoni um  pherioxi des of Li, Na, K, Rb and Cs; al koxi des
of Li, Na, MQ98/@89%nd Cs; and thallium hydroxide. Sorme of tRETAUPEDE4T6nay
.be used in conjunction with a phase transfer reagent, such as for exanple
tetraal kyl ammoni um salts or the crown g%hers. 10 Exanpl es of bases suitable
for catal ysing reaction of the ol efinirc’conpounds with the diboron
derivative, wthout generally catalysing the further reaction of the al kene
borate internediate, include aryl and al kyl carboxyl ates, fluorides, and
phosphat es TEBLLE,1 Na, K, Rb, Cs, anmonium and al kyl ammoni um Dependi ng

opon e L SaonEN AERRSUEbURG B PRRFARKITEY, pIARD EMERRRIAL Oy ™

derivative and/or catalysing reaction of the al kene borate internedi ate
wi th the organic conpound include the stronger bases |isted above

i ncl udi ng at e, pctt:@ SRS PRURITGJRIPOL assi U gs Phaifd anid

aIkaIi nets 20 As use erein the term"al klene bqrate

r eactl on S TSi— i _:::_—_-—:m_m -------- ==
substituen
product ing¢luding a

derlvatlve, th
nd at the coupljng pgsition. 25 In
anot her aspect of the i is provided a process fqr preparipg
an al kene horate | inter reacting a di bprtd dé8i ¢Mi+le
with an ol ¢finic conpoumnd havi gen or hal ogen-1}§ ke sybstituent} and
an active Rhydrogen cont i ;ﬁ in the presence of [a Goup I
met al catallyst and a suiltable ba§%——3oavg18§1523?5 PCT/ AU98/ 0Q476
CH;

sl(CHm

>‘)< 240|241 M*+1)
216|217 (M*+1)
15 3 :
O/\/

10

m—

230 231 (M*+1)




-16 In a further aspect of the invention there is provided a process for
‘preparing an al kene borate internediate, -conprising reacting a di boron
derivative with an ol efinic conpound having a hal ogen or hal ogen-1ike
.Substit uemto 9gnssassproti ¢ -sol vent in the presence of a G oupp¥iriaduse@oss
tatal yst and a suitable base. 5 Afirst step in the purification of the
al kene borate internediate so forned nmay be the deconposition of any
excess di boron derivative by the use -0fg§ water, water and suitable base, or
by the use of a mld.oxidising agent. 10 In a further ‘aspect of the
invention there is provided a process for the preparation of an olefinic
boroni ¢ acpghgpy Nydrol ysing the-al kene borate internedi ate as hereinbefore
descri bed using established procedures. The ease of hydrolysis is - a .
function NOMGNLH(ENEBOIEATES RRERAREB®B¥ RIBORGNIMETHODOLEAGE i at es are
nore anena ysi st han those—deri-vedf+rom

bi s( pi nacI@DMEﬂ)UND)r. Thi s GOMPBOUNDISTRUCHIRE to al k
i nt er medi 4t es_whi ch are 15 boronic esters.
i nt er nedi 4t eNUMBER efli ni i i M5
aspect of the—taraeat i av ot e e e e e
internmedj gtes which rmay be prepared according to the prgsent {invention jare
listed in|Table 2, whi|l e sone 20 kn al kene borate intgrnedfates prepaﬁr ed
in accordgnce with thgq present ipgéntion are listed in ffablejl. 25 30 MO
98/ 58935 RCT/ AU98/ 00416 -17- 01 KNOAN ALKENE BORATES PREPARED BY

DI BORON METHODOSOGY 196 [197 M*+1)

I@alddr atound

her

10

182 [123 M*+1)

15

368 |369 (M*+1)




COVPOUND -COVPOUND STRUCTURE Cal e Found 5.NUMBER MZ M Z 182 183 (M++ 1) 1
‘0°0g H3 ¢c143 Si(CH3 )3 10 2 B 0 240 241 (M++ 1) 0 15 3 216 217 (M++1)
4 230 231 WM9958935- ~ o \WD 98/ 58935 PCT/ AU98/ 00476 TABLE 2 AIOVAUSSMOKENE
_BORATES PREPARED BY DI‘BORON METHODOLOGY COVPOUND COVPOUND STRUCTURE Cal ¢
Found NUMBER MZ MZ 50 5 196 197 (Mr+1) O\ g CH3 H3C CH3 10 o

? 8 — 383 [384 (M*+1)

T "\ 198 [199 M*+1)
o]

10 9 CH,

‘|’ )
15 10 éé/ﬂ\o 250 [251 (M*+1)

193 194 M™+1)

20 11




6 / 182 183 (M++1)

O CH3 H3C CH3 7 368 369 (M++1) 15 r114 WD 98/ 58935

“PCT/ AU98/ 00476 -19- 5 8 383 384(Mm+l) B-0 O B~o 198 199 (M++1) 10 9 H,- 0
-0 15 10 Qv(;ggssg%l (M+ 1) 0 20 11 193 194 (M++ 1) 0O B CHETEAVU9IS00DR/ 58935
. PCT/ AU98/ 004 -20 s 0 0 226 227 (M++1) 5 12 0 10 - ' '
-20-
5 12 226 {227 M*+1)
10
13 \ 234 [235 M*+1)
B
15
]
20
257 M* +1
14 300 _B(OH),)
25
COMPOUND NAME .
30 5. 2-(1,2-Dimethylprop-1-enyl)-4,4,5,5-tetramethyl-1,3 ,2-dioxaborolane.
6. 2-(1,2-Dimethylprop-1-enyl)-5,5-dimethyl-1,3 ,2-dioxaborinane.
7. 5,5-Dimethyl-2-(1,2,2-triphenylvinyl)-1,3,2-dioxaborinane.
8. 4,4,5,5-Tetramethyl-2-(1,2,2-triphenylvinyl)-1,3,2-dioxaborolane.
9. Ethyl (Z)-2(4,4,5,5-tetramethyl-1 ,3,2-dioxaborolan-2-yl)ethenyl ether.
35 10. 4,4-Dimethyl-2-(4,4,5,5-tetramethyl-1,3 ,2-dioxaborolan-2-yl)cyclo-hex-
2-en-1-one. - _
11. (E)-2-Methyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)prop-2-
enenitrile.
12. Ethyl (Z)-3-(4,4,5,5-tetramethyi-1 ,3,2-dioxaborolan-2-yl)prop-2-enoate.



234 235 (M++1). 13 15 20 rB 257 (M

+ 1

30 5. 2-(1,2-Dinethyl prop-I-enyl)-4,4,5, 5-tetranmet hyl -1, 3, 2-di oxabor ol ane.
h
2

14 300 -B(OH)2) 25 COVPOUND NAME
t
| -1, 3, 2-di oxabor i ZCF/AUIB/00E6

6. 2-(1, 2- BInsY3893spr op- | - enyl ) - 5; 5- di net hy
S5-Dinmethyl-2-(1,2,2-triphenylvinyl)-1, 3, 2-di oxaborinane. 8. 4,4, 5, .
5-Tetranet hyl -2-(1, 2, 2-tri phenyl vinyl)-1,3, 2-di oxaborol ane. 9. Ethyl
(2)-2(4,4,5,5-tetranethyl -1, 3, 2-di oxabotlot an- 2-yl)ethenyl ether. 35 10.
4,4-Di net hyl -2-(4,4,5, 5-tetranethyl-1, 3,2=di oxaborol an-2-yl)cycl o-hex-
2-en-l-one. 11. (E)-2-Methyl-3 -(4,4,5,5 -tetramet hyl -

1, 3, 2- di oxalsor ol an- 2-yl ) pr pBidclofd@rii]octid-en-33124,4 5t frtdtramethyl-1,3,2-dioxaborolane.
(2)-3-(4,4,5 5-tetranet hyl -1, 3, 2-di oxabor ol an- 2-yl ) prop- 2-enoate. WO

98/ 58935 PGH.AU98/ 00476 - t@»&’?.rlphermlwwf{bef@l%?Cléj oct-2-en-3 yl-4,4, 5,
5-tetramet hyl -1, 3, 2- di oxaborol ane. 14. 1,2, 2-Triphenyl vi nyl boroni c acid.
The term "linking group” as used herein refers to any chain of atons

l'i nki ng onergy gitm IR gRoup® aftidRkein FxRAPloemyGhain dtkitdr@s ¢inking onenty Ug@dup
pol ymer chains, opti onaFI y substituted al k?/I ene group and any other
sui t abl e i toahmothergr Gixampseofplinirg greupsoindiudg pody merechpies coptionalle rsubgituted

applicable to chem stry on solid pql r, support or resin bead in the sane
manner as cHRYIERS g@h‘&la}‘l"ér?é‘iﬁoérﬁefﬁu’it l%g@&leinﬁggﬁ'ﬁbi natori al

The process according to the present invention is applicable to chemistry on solid polymer
suppoﬁ or resin bead in the same manner as conventional chemistry is used in combinatorial
10 chemistry and in the preparation of chemical libraries. Thus a suitable organic compound
having a halogen or halogen-like substituent at a coupling position which is chemically linked
to a polymer surface may be reacted with an alkene borate intermediate in the presence of a
Group VIII metal catalyst and a suitable base to form a coupled product linked to the surface
of the polymer. Excess reagents and by-products may then be washed away from the surface
15 leaving only the reaction product on the surface. The coupled product may then be isolated
by appropriate cleavage of the chemical link from the polymer surface. The process is also
possible using the alternative strategy of reacting an olefinic compound having a halogen or
halogen-like substituent linked to a polymer surface with a diboron derivative in the presence
of a Group VIII metal catalyst and a suitable base to form an alkene intermediate chemically
20 linked to the polymer surface. This intermediate may then be reacted 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 to prepare the coupled product chemically
linked to the polymer. Excess reactants and by-products may be removed by suitable washing
and the coupled product may be isolated by chemically cleaving the link to the polymer.
It is also possible to prepare polymers by reaction of olefinic compounds having more than
one halogen or halogen-like substituent in a vinylic coupling position. Such olefinic
compounds may be reacted with a diboron derivative in the presence of a Group VIII metal
catalyst and a suitable base to form an alkene borate intermediate having more than one boron

30 functionality. These intermediates may be reacted with organic compounds having more than



10 chem stry and in the preparation of chemcal libraries. Thus.a suitable
‘organi ¢ conpound having a hal ogen or hal ogen-1ike substituent at a coupling
posi tion whiccds/dsssschemically |inked to a polyner surface npyrh&oseested
.Wth an al kene borate internmediate in the presence of a Goup VIII netal
tatal yst and a suitable base to forma coupl ed product |inked to the
surface of the polymer. Excess reagemt2 and by-products may then be washed
away fromthe surface 15 | eaving only the reaction product on the surface.
The coupl ed product may then be isolated by appropriate cleavage of the

chem cal | i({}%évlgdig%@nté}%a?@eﬁﬁﬁ{e SBELBER to FDfm R QIPSer. | 3 AleStlefiOTdipband! hhdd

the alterna rategy of reacting an ol efinic” conpound having a hal ogen
or hal ogenhtdeker mobshalbgendr halogeadikesubstitoéntsrehichureact ceitinittendibomintderivative -
derivative in the presence of a Goup VIII netal catalyst and a suitable
“base to forthemit ispossihle tp prepraresigndritic mpleeHlesin ageordance yidthe pregsss phihgmresent
surface. This internmediate may then be reacted with an organic conpound
havi ng a hdP¥¥®T%r hal ogen-1i ke substituent at a coupling position in the
presence gof a Goup VIIl netal catalyst and a suitable base to prepare the
coupl ed product chemcally linked to the polyner. Excess reactants and

by- pr oduct sTimayldfimic eormpamdandsthe baganée ewspoung mapnbe séparate updlemilgs; oducay bay

be isolated by chemcally cleaying the link to the polynmer. 25 |t is.also
oSSt bl o ¢ Jitped SEeep SlepHE ST RO G e RE el AbToGRIe MR IR0

t han one hgl I = L iht; ' j ' '

posi tion. uéﬁ‘%olpfé? §|’ %@g t&g%%%ua{(nﬁ)s@ #gétpgélﬂrsgg%dtagégae\}mngé gll %‘glrﬁgér%bﬂ'g? isc\)/aa;[s itc{/e '
in the presgBeide ®r 4 iratpleddldrireartiom| sucie as alringtclesnet meastior. abinsildyBstietprodess m
an al kene borate internedi ate having nore than one boron 30 functionality.
These i ni@rapedrding4o rilag inyentiem ailews vittamaleqydaii dnkdegnio 9aers beiveerydewhle bords
WO 98/ 58935 PCT/ A 00476, -.22 one hal ogen .or hal ggen-1j ke subst.ituent to
or mapol ylEHed FORERORE G GE R Vied Sagth PR ftE Pond 65 SHRZfc hifRtn b
hal ogen-1 i kg, Ssiasiiid 4®8merthi ch react with the diboron derivative then it
is possible to prepare dendritic nolecules in accordance with the process

of the present

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

15 intermediates which, after coupling, take part in further reactions or rearrangements. An
example of such an intermediate is one formed by reaction of an ether containing vinylic
halide with one of R!, R? or R? (formula I) being -OR with a diboron derivative. The
subsequent coupling of the resulting alkene borate intermediate with an organic compound

. ‘gives a ketone on hydrolysis of the enol ether. |

20
The process according to the present invention provides an alternative method for coupling
olefinic moieties to organic compounds. The process allows th¢ use of mild conditions and
avoids the use of expensive, difficult to handle and/or toxic reagents and solvents. In this
regard boron and boron compounds are generally non-toxic. The reactions may also be

25 performed in relatively cheap solvents sﬁch as methanol and ethanol and, in view of the |
improved control over the reaction steps, it is envisaged that it would be possible to perform
the reactions on an industrizﬂ scale. In view of the mild reaction cohditions it. 1s aiso possible.

to perform the coupling without the need to protect most reactive substituents.

30 The following examples are provided to illustrate preferred embodiments of the invention.



invention. 5 The ol efinic compound and the organi c conpound nmay be separate
‘nol ecul es, or may be |I|inked together such that the al kene borate

i ntermedi av@of/soped aftér. reaction with the diboron derivatdvaupsgowdnd e to -
.feact at a coupling position |ocated el sewhere in the nolecule so as to
provide for an intranol ecul ar reaction, such as a ring closure reaction.
Similarly the process 10 according to-2he invention allows intranol ecul ar
l.inking to occur between double bonds I|ocated in different parts of a

nol ecul e, provi ded each doubl e bond has a vinylic hal ogen or hal ogen-1like
subst i t uenfjowki& iPIs96 66 SndefeIdthitghé follokeng duserifitionris hct talsapersedef the geoeralitye
preparation of reactive 15 internedi ates which, after coupling, take part

i n furt herof ¢éedhvenion@revieesly desgihedht s. An exanpl e of such an internediate
is one formed by reaction of an ether containing vinylic halide with one
of R, R2 or R3 (fornula I) being -ORwith a diboron derivative. The
subsequentmm of the resulting al kene borate internediate with an
organi c co un gl ves a ketone on hydrolysis of the enol ether. 20 The
process gcggggﬁmglto the present invention provides an alternative nethod
for coupling olefinic noieties to organic conpounds. The process all ows
the use of mld conditions avoi ds th& e of expensive, difficult to

handl e and/ or toxic reagent this regard boron and boron
conpounds are generally non 2 ons may al so be 25 perforned
in relatively cheap sol vents such\as neyhanol and ethanol and, in view of
the inproved control over the reagctiom\steps, it is envisaged that it
woul d be possible to perform the reactigns on an industrial scale. In view

of the mld reaction conditieas=(t is al ssible to performthe
coupl i nglowithout t he need tct nogt reacti substituents. 30 The
\ded

foll ow ng exanples are pro 0 illus{r referred enbodi nents of the
i nvention. WD 98/58935 PCT/ AHY38+~00476

(a) Bis(pinacolato)diboron (0.283g; 1.11 mmol), bromotriphenylethylene (0.337g, 1.0
15 mmotl), PdCl(dppf).CH,CL (26.4 mg ), and (C;H;)P(0)(ONa),.H,0 (0.712g ; 3.01 mmol) were
stirred in ethanol (5 ml) at 80 °C for 17 h. The gc of the reaction solution in ether, after washing
with water, had one major peak (over 70 % of total integral) identified as the desired alkene
borate by retention time - gc/mass spectroscopy. The other peaks in the gc were identified as

the starting materials and triphenylethylene. The reaction conditions (time/temperature) were

20 not optimised.

(b)  The product can also be made under the above ;eéction conditions with the phosphate

base being replaced by CSF or K,CO,. With potassium acetate or Cs,CO, as base, the reaction

(80° C in alcohol) gives higher amounts of triphenylethylene. DMSO can be used as reaction
25 solvent and at 80 °C/16.5 h gives the desired product together with triphenylethylene.

© The above reaction can be carried out successfully at lower temperatures with a strong
base sucﬁ as potassium carbonate. For example reaction of bis(pinacolato)diboron (0.142g; 0.56
mmol), bromotriphenylethylene (0.168g, 0.5 mmol), 12.8 mg PACL(dppf).CH,Cl, and K,CQ
30 (0.211g ; 1.53 mmol) in ethanol (5 ml) at 30 °C gave, after 18 h reaction time, the
triphenylethenylboronic acid ester together with a little triphenylethylene. The only other peak



- 23 However it is to be understood-that the foll ow ng description is not
‘t 0 supersede the generality of the invention previously described.
EXAMPLES Sdyssgele 1 B-0 10 o (a) Bi-s(-pi nacol at o) di bor on plcqQyA%3@047s. 11
.mol ), bronotriphenyl et hyl ene (0.337g, 1.0 15 nmol), Pdd, (dppf).CH2C1,
(26.4 ng), and (C6HS5)P(O) (ONa) 2. H20O (0. 712g; 3.01 nmol) were stirred in
ethanol (5 nm).at 80 C for 17 h. The gc2of the reaction solution in ether,
after washing with water, had one major peak (over 70 % of total integral)
identified as the desired al kene borate by retention tinme - gc/nass

Spect I 0SCOPYas Jlkero0t fifde (R8N R1Vs o Gredinte@rated) BfMireddt@bispinatbiatddidoidnng
materi al s ané tri phenyl et hyl ene. The reaction conditions (tine/tenperature)
were 20 not optim sed. (b) The product can al so be nade under the above
reaction .conditions with the phosphatee base being replaced by CsF or KCCS.
Wth potassium acetate or Cs2CO, as base, the reaction (80 Cin alcohol)
gi ves hi ghetx%gg% s of triphenylethylene. DMSO can be used as reaction 25
solvent and a 16.5 h gives the desired product together with

tri phenyl sthyl ene. (c) The above\reacti
at |ower tenperatures with a stro
exanpl e reaction of bis(pinacol at®)di boxgn (0. 142g; 0.56 nmol),

bronot ri phenyl et hyl ene (0.168g, 0.5 mmlf,—— .8 mg Pdd 2(dppf). CH2C12 and |
CO, 30 (0.211g ; 1.53 mmol) in ethanol (5 nl)\ at-30 C gave, after 18 h
reaction time, the triphenylethenyl boromgc-atcid ester together with a
little triphenyl ethylene. The only ot her 98/ 58935 PCT/ AU98/ 00476
-24

n can be carried out successfully
se such as potassium carbonate. For

10
Bis(pinacolato)diboron (0.281g; 1.11 mmol), K,CO, (0.409g; 2.96 mmol) and 50 mg of
palladium (10 %) on charcoal were placed in a reaction tube under nitrogen. After addition of
2-bromo-3-methyl-2-butene (0.152g; 1.02 mmol) and dry ethanol (5 ml) the reaction was stirred
at 30 °C for 19.5 h. The gc of the reaction solution, after washing an aliquot dissolved in ether

15 with water, demonstrated the presence of the desired alkene borate.

Example 3

Bis(pinacolato)diboron (0.281g; 1.11 mmol), K,CO ,(0.404g; 2.93 mmol) and 27 mg of

20 bis(benzonitxile)dichloropalladium were placed in a reaction tube under nitrogen. After addition
of 2-bromo-3-methyl-2-butene (0.146g; 0.98 mmol) and dry ethanol (5 ml) the reaction was
stirred at 30 °C for 19.5 h. The gc of the reaction solu;idn, after washing an aliquot dissolved
in ether with water, demonstrated the presence of the desired alkene borate. This was confirmed .
by gc/ms.

- 25

The formation of this ester was also catalysed in ethanol by NiCl,(dppf). CH,Cl,and nickel acetate
tetrahydrate at 30 °C using K,CO, é.s base.

cis-Dichlorobis(diphenylphosphine)platinum and tetrakis(triphenylphosphine)platinum were also
30 found to catalyse the formation of the pinacol alkenylborate from 2-bromo-3-methyl-2-butene

and bis(pinacolato)diboron at 30 °C in methanol in the presence of K,CO,.



was due to a trace (less than 2 % of, area.integrated) of unreacted

“bis(pi nacol ato)di boron. Exanple 2 5 B-O o 10 Bi s(pi nacol at o) di boron
(0.281g; 1waosisseds), K2CO, (0.409g; 2.96 mmol) and 50. ng- of PQIaAUStowe ( 10 -
.99 on charcoal were placed in a reaction tube under nitrogen. After
‘addition of 2-brono-3-nethyl-2-butene (0.152g; 1.02 mmol) and dry et hanol
(5 mM) the reaction was stirred at 30-&for 19.5 h. The gc of the reaction
solution, after washing an aliquot dissolved in ether 15 with water,
denonstrated the presence of the desired al kene borate. Exanple 3

Bi s( pi nacol Bhé HithiesgilladiQm?ckaplexd with Yybis(dipk@Iphofihint)égan® irO&hama)|at 38rfC,
27 mg of 20 bis(benzonitrile)dichloropalladiumwere placed jn reacti
tube under edtalyssderthe Affomnationdi off othe dFipbengleghdiborppich Acid . pinaesle ‘(SEFYM‘%@‘“

To.5 " ThebpimehrheRSEaRor pt BathitaP gl TAEbBIn WGpre b oL BP0, b (001 vea

in ether wwth water, denonstrated the presence of the desired al kene
borate. This was confirnmed by gc/ns. 25 The formation of this ester was
al so cat ap yExample £t hanol by Ni C12(dppf). CH2C12 and ni ckel acetate
tetrahydrate at 30 C using KCO3 as base.

CO
ci s- D chl or obi s(di phenyl phe) pl ati num an

o}

tetraki s(triphenyl phosphin \ wer 30 found to catalyse the
formati on of the pinacol al ke | bor ate—Br om R- br ono- 3- net hyl - 2- butene and
bi s( pi nacol at o) di boron at 30 C in nethanol,b—+R the presence of KI1ICO3. WO
98/ 58935 PCT/ AU98/ 00476 - 25

10
Bis(pinacolato)diboron (0.282g; 1.11 mmol), 25 mg PdCl(dppf).CH,Cl, and potassium
acetate(0.300g; 3 mmol) were placed in a reaction tube under nitrogen. After addition of f-
bromostyrene (0.189g; 1.03 mmol) and dry ethanol (5 ml) the reaction solution was stirred at
30°C for 16 h. The ge of the reaction solution, after washing an aliquot dissolved in ether with

15 water, had a peak identified by gc/ms as the product styrylboronic acid pinacol ester.

Example 5
(o]
20 ' °— 8 CH,
H,C CH,

In a Schlenk tube under nitrogen, a mixture of bis(pinacolato)diboron (253 mg; 0.996 mmol),
2-bromo-3-methyl-2-butene (136 mg; 0.913 mmol), PdCl,(dppf).CH,Cl, (22 mg; 0.027 mmol)
25 and potassium carbonate (380 .mg; 2.75 mmol) in dry isopropyl alcohol (6 ml) was sealed and-
stirred at 30°C for 18h. Gas chromatographic analysis of the reaction mixture showed a major
peak identified as the desired alkene borate by gc/ms as well as some unreacted diboron

compound, and alkene halide starting material.

30



The di chl oropal | adi um conpl ex with 1,4-bis(di phenhyl phosphi no) but ane i'n
‘etthanol at 30 C, catalysed the formation of the triphenyl ethylyl boronic
aci d pi nacelo sgigess from bronotri phenyl et hyl ene and bi S(pl NPEPAbDEEHOr ON
.in the presence -of KCOB8 as base. 5 Exanple 4 / \ o 0

Bi s(pi nacol at o) di boron (0.282g; 1.11 nmol), 25 ng PdC 2(dppf).CHCI 2 and
pot assium acetate(0.300g; 3 mol) wereepl aced in a reaction tube under
nitrogen. After addition of ~i- bronostyrene (0.189g; 1.03 nmol) and dry
ethanol (5 m) the reaction solution was stirred at 30C for 16 h. The gc
of the reacéi %gblggl ution, after washing an aliquot dissolved in ether with
15 water, peak |dent| fied by gc/ns as the product styryl boronic acid
pi nacol ester. Exanple 5 0 20 0~ a HNC CH, In a Schl enk tube under
nitrogen, a mxture of bis(pinacol at i boron (253 ng; 0.996 mmol),

2- br ono- 3- net hyl - 2-butene (136 ng; H4.°913 mol ), PdA 2(dppf). CHzCL (22 ny;
0.027 mml) 25 and potassi um carponatge (380 ng; 2:75 mml) in dry

i sopropyl al cohol (6 m) was seallecb_and sti rrcgd at 30C for 18h. Gas
chronmat oy aphi ¢ anal ysis of the reacti®dp mxture showed a najor peak
identified as the desired al kene borate c/ms as well as sone unreacted
di boron conpound, and al kene halide stéartingymaterial. 30 WO 98/58935
PCT/ AU98/ 00476 -26- Example 6

In a Schlenk tube under nitrogen, a mixture of bis(pinacolato)diboron (327 mg; 1.29 mmol), 2-
bromo-3-methyl-2-butene (171 mg; 1.15 mmol), PdCL(dppf).CH,Cl, (61 mg; 0.075 mmol) and
10 potassium carbonate (475 mg; 3.44 mmol) in dry dioxane (5.5 ml) was sealed and stirred at
30°C. After 3 days, gc analysis of the reaction mixture showed three major peaks, identified as

the desired alkene borate, and unreacted starting materials by gc/ms.

. Example 7
15
/o
le} B ,CH,
H,C CH,
20

In a Schlenk tube under nitrogen, a mixture of bis(neopentanediolato)diboron (247 mg; 1.09
mmol), 2-bromo-3-methyl-2-butene (148 mg; 0.993 mmél}, PdCl(dppf).CH,CL, (26 mg; 0.032
mmol) and potassium carbonate (426 mg; 3.08 mmol) in dry isopropyl alcohol (6 ml) was sealed
and stirred at 30°C. After 16.5 h gc analysis of the reaction mixture showed two major peaks,
25 identified as the desired alkene borate, and unreacted alkene halide by gc/ms. Only traces of

diboron compound and dimer were detected.

30



OCH O5.HCCH In a Schlenk tube under nitrogen, a m xture of

*bi's( pi nacol at o) di boron (327 ng; 1.29 mmol), 2- brono-3-nethyl-2-butene (171
my; 1.15 nwolosssd3dCl 2(dppf). CH2C12 (61 ng; 0.075 mmol) and pié®/AmB@eZEUM
.carbonate (475 ng; 3.44 mol) in dry dioxane (5.5 mM) was seal ed and
stirred at 30C. After 3 days, gc analysis of the reaction m xture showed
three maj or peaks, identified as the-@@sired al kene borate, and unreacted
starting materials by gc/ns. Exanple 7 150 p CH3 H3C CH3 20 In a

Schl enk tube under nitrogen, a m xture of bis(neopentanedi ol at o) di boron
(247 my; 1§09 éﬁyﬁ 2- br ono- 3- net hyl - 2-butene (148 ny; 0.993 mol ),
PdC12(dppf) . CH2C12 (26 ng; 0.032 mol) and potassi um carbonate (426 ny;
3.08 mmol) in dry isopropyl alcohol (6 M) was sealed and stirred at 30C
After 16.5 h gc analysis -of the reagtion m xture showed two maj or peaks, 25
identified as the desired al kene bofate, and unreacted al kene halide by
gc/nms. Only traces of diboron co nd and di ner were detected. 30 WO

98/ 58935 PCT/ AU98/ 00476 -27-_Ex :

0
5
B CH,
:CH3

10 In a Schlenk tube under nitrogen, a mixture of bis(pinacolato)diboron (412 mg; 1.62 mmol), 2-
| bromo-2-methylpropene (197 mg; 1.46 mmol), PdCL(dppf).CH,Cl, (40 mg; 0.049 mmol) and
potassium acetate (440 mg; 4.48 mmol) in dry DMSO (8 ml) was sealed and stirred at 30°C.
After 17 h gc analysis of the reéction mixture showed two major peaks, identified as the desired

alkene borate and unreacted diboron compound by gc/ms.

15
Example 9
20 | /
O——-——B: Ph
Ph ' Ph

25 In a Schlenk tube under nitrogen, a mixture of bis(neopentanediolato)diboron (185 mg; 0.819 -
mmol), bromotriphenylethylene (253 mg; 0.755 mmol), PdCl,(dppf). CH,CL, (21 mg; 0.026 mmol)
and potassium acetate (237 mg; 2.41 mmol) in dry DMSO (5 ml) was sealed and stirred at 80°C.
After 17 h gc analysis of the reaction mixture showed a major peak, identified as the alkene

_ borate by gc/ms.
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5~BChia CHz 10 In a Schlenk tube under nitrogen, a m xture of -
“bi's(pi nacol ato) di boron (412 ng; 1.62 mmol), 2 brono- 2-net hyl propene (197
19; 146 rpiskisf3dCl (dppf). CH CT, (40 g 0,049 mmol) and pephessiin
.acetate (440 ng; 4.48 mmol) in dry DVMBO (8 -ml) was seal ed and stirred at
30C. After 17 h gc analysis of the reaction m xture showed two maj or
peaks, identified as the desired al ken8-borate and unreacted di boron
conmpound by gc/nms. 15 Exanple 9 20 p B Ph 7( Ph Ph 25 Ina Schl enk tube
under nitrogen, a mxture of bis(neopentanedi ol ato)di boron (185 ngy; 0.819 -
mol ), br ogml, iﬂ@f@ylethylene (253 ng; 0.755 mmol ), Pdd, (dppf).CH2C1, (21
ng; 0.026 P& and potassium acetate (237 ng; 2.41 nnDI) in dry DVBO (5
M) was sealed and stirred at 80C. After 17 h gc analysis of the reaction
m xture showed a mgj or peak, 4 ied as the al kene borate by gc/ns. 30
1 WD 98/58935 PCT/ AU98/ 00476 - le 10 0 5 O-B Ph

In a Schlenk tube under nitrogen, a mixture of bis(neopentanediolato)diboron (189 mg; 0.837
mmol), bromotriphenylethylene (255 mg; 0.761 mmol), PdCl(dppf).CH,CL, (24 mg; 0.029 mmol)
10 and potassium acetate (251 mg; 2.56 mmol) in dry ethanol (5.5 ml) was sealed and stirred at
80°C. After 18 h, gc analysis of the reaction mixture showed three major peaks, identified as the
desired alkene borate, alkene halide and the dehalogenated alkene by gc/ms. |

15 Example 11

/
o——=~B Ph
20 >___.<———
Ph < ‘Ph

In a Schlenk tube under nitrogen, a mixture of bis(neopentanediolato)diboron (187 mg; 0.828
mmol), bromotriphenylethylene (251 mg; 0.749 mmol), PdCL(dppf).CH,Cl, (20 mg; 0.024 mmol)

25 and potassium carbonate (325 mg; 2.35 mmol) in dry ethanol (5.5 ml) was sealed and stirred at - |
80°C. After 18 h, gc analysis of the reaction mixture showed two major peaks, identified as the
desired alkene borate and dehalogenated alkene by gc/ms.

30



Ph Ph In.a Sch| enk tube under nitrogen, a m xture of
*bi's(neopent anedi ol at 0) di boron (189 ny; 0.837 muol), bronotriphenyl et hyl ene -
(255 ng; Owoos/seewel ), PACL2(dppf):. CH2CI 2 (24 ng; 0.029 mol pCT/AR9IsmEl76 '
-potassium acetate (251 ng; 2.56 mol) in dry ethanol (5.5 m) was seal ed
and stirred at 80C. After 18 h, gc analysis of the reaction m xture showed
three maj or peaks, identified as the -desired al kene borate, al kene halide
and the dehal ogenat ed al kene by ac/ns. 15 Exanple 11 0 O -B Ph 20 Ph Ph
In a Schl enk tube under nitrogen, a m xture of

bi s( neopenﬁmgieohat o) di boron (187 ng; 0.828 mmvol), bronotriphenyl et hyl ene
(251 ng; 0.749 mol ), PdC 2(dppf) \CH2C12 (20 ng; 0.024 nmmmol) 25 and

pot assi um carbonate (325 ny; 2.35 ) in dry ethanol (5.5 m) was seal ed
and stirred at 80C. After 18 h, gc alysis of the reaction m xture showed
two maj or peaks, identified as th desYred al kene borate and dehal ogenat ed
al kene by gc/ns. 30 1 WO 98 5 PCT/ ALU98/ 00476 -29- Exanple 12 Ph 5 0O~
Ph Ph In a Schl enk tube under #itxogen,ga m xture gf bis(pinacol ato)diboron
(255 ng; 51.00 mmol ), 10 bro i yl et hyl ene £298 ng; 0.889 mmol),

Pdd 2(dppf). CH2C12 (26 ng; 0.032 nmol) a

Ph Ph

In a Schienk tube under nitrogen, a mixture of bis(pinacolato)diboron (255 mg; 1.00 mmol),
10 bromotriphenylethylene (298 Img; 0.889 mmol), PdCl,(dppf).CH,Cl, (26 mg; 0.032 mmol) and
potassium carbonate (376 mg; 2.72 mmol) in dry isopropyl alcohol (5 ml) was sealed and stirred
at 30°C. After 18 h gc analysis of the reaction mixture showed a major peak, identified as the

desired alkene borate by gc/ms.
15

Example 13

In a Schlenk tube under nitrogen, a mixture of bis(neopentanediolato)diboron (277 mg; 1.23
25 mmol), B-bromostyrene (202 mg; 1.10 mmol), PdCl,(dppf). CH,Cl, (29 mg; 0.036 mmol) and -
potassium acetate (329 mg; 3.35 mmotl) in dry DMSO (5 ml) was sealed and stirred at 80°C.

After 18 h, gc and gc/ms analyses detected alkene borate, dimer, and diboron compound.

30



‘pot assi um carbonate (376 nmg; 2.72 mml) in dry isopropyl alcohol (5 m) was

‘sealed and stirred at 30C. After 18 h gc analysis of the reaction m xture
- -showed a nRify; k, identified as the desired al kene bora . 15

.Exanpl e 13 23E$%@a Schl enk tube under nitrogen, a m xture %?Dab9gﬁ&ﬁ§- '
bi s(neopent anedi ol at o) di boron (277 ng; 1.23 25 mmwol), (3-bronostyrene (202
mg; 1.10 mmol), PdC12(dppf).CH2C1l2 (293py; 0.036 mmol) and potassium
acetate (329 ng; 3.35 mmol) in dry DVSO (5 m) was sealed and stirred at
80C. After 18 h, gc and gc/ns anal yses detected al kene borate, diner, and
di boron co Ounﬂ'1§0 WO 98/ 58935 PCT/ AU98/ 00476 -30- Exanple 14 o~ CH3 5
In a Schle & Onder nitrogen, a m xture of bis(pinacol ato)di boron (284
ng; 1.12 nmol), cis- 1-bronD-2-eroxy hyTepe (152 ng; 1.01 nmol),
Pdd 2(dppf).CH2CI 2 (53 ng; 0.0 and assium car bonate (418 ny;
3.02 mmol ) in dry nethanol ( ) was| sealed angystirred at 30C. After 16
h gc and gc/ ns anal yses det ect ed\al e halide, diboron conpound, alkene
borate and 10 dinmer. Exanple 15 B((CH3)3 15 B O

5

In a Schienk tube under nitrogen, a mixture of bis(pinacoléto)diboron (284 mg; 1.12 mmol), cis-
1-bromo-2-ethoxyethylene (152 mg; 1.01 mmol), PdClL,(dppf).CH,Cl, (53 mg; 0.065 mmol) and
potassium carbonate (418 mg; 3.02 mmol) in dry methanol (5 mi) was sealed and stirred at 30°C.

After 16 h gc and gc/ms analyses detected alkene halide, diboron compound, alkene borate and

10 dimer.
Example 15
Si(CH3)s
15
B—O
0] o
~

d

20

In a Schlenk tube under nitrogen, a mixtu;e of bis(pinacolato)diboron (251 mg; 0.988 mmol),
2-bromoallyltrimethylsilane (172 mg; 0.890 mmol), Pd(flz.(dppf).CH,Cl2 (45 mg; 0.055 mmol)
and potassium carbonate (383 mg; 2.77 mmol) in dry methanol (5.5 ml) was sealed and stirred
at 30°C for 16.5h. The gc of the reaction solution showed one major peak identified as the

25 alkene borate by gc/ms.

Example 16

30



O/1 20 In a Schlenk tube under nitrogen, a m xture of

“bi s(pi natol at 0) di boron (251 ny; 0.988 mmol), 2-bronmoallyltrinethylsilane

(172 ng; 0.890 mmol ), PdC1l2(dppf).CH2CI'2 (45 ng; 0. 055 nmol and assi um

.carbonat e \®8HEP 2. 77 mmol) in dry nethanol (5.5 m) was %@E\‘?Bﬁ/@%&

stirred at 30C for 16.5h. The gc of the reaction solution showed one major

peak identified as the 25 al kene bor_agle_ by gc/nms. Exanple 16 0 30 WO

98/ 58935 PCT/ AU98/ 00476 -31 In a Schl'enk tube under nitrogen, a m xture of

bi s( pi nacol at o) di boron (249 ng; 0.981 mmol),

4, 4- di met hyl - 2-i odo- 2- cycl ohexenone, (220 » .0. 8 I )

PAC | ( dppflp achehiEnk tprmuider DibrOgSE 2 BABICE 055%(956%"8%@?)3&%{:3&? B4R e G4 emmeh):

2.79 nmol ), jn. dr t hagol .(,5 3 &0 B, BIGL(dHA).e 4 g, 654h.
il TR 2ot eaiols (52 50 B0 flh, FICLL CH OP e

The gc of hree maj or peaks 1dentified 5 as

the al kenqnmgagr@, pRhRING cAiBbidte (3B6ng 19 amatpmpry mektisnel (5 m wies serlediand by
gc/nms. Exanplée 17 10 O

15 Bi s(pi hacol at o) di borop (0, 280g; .1.10 mrgl . %6
my PdQ 2( dymipfe)l. aEBET Form2fSto Theg of theveastion wiuties sheved thregcmajor peaks] ﬂ}é‘?‘? n
tube under nitrogen. Aft addi.t.ion : rﬁg% ils by gc/ms.
chl or obi ¢y35/t8¢ 31.?( ?‘?L‘]"?féttea glkwg‘%hﬁa%d %o%rn ;C%e ﬁglg%ﬁ%th rgetgt%%llso 8ot ut i on
was stirred at 30 C for 24 h. The gc of the reaction solution, after
washi ng an aliquot dissolved in ether with water, had

Example 17

10

AN

. O—m

15
Bis(pinacolato)diboron (0.280g; 1.10 mmol), 26 mg PdCl,(dppf).CH,Cl, and 0.419g (3 mmol)
K,CO, were placed in a reaction tube under nitrogen. After addition of 0.140g (0.98 mmol) 3-
chlorobicyclo[3.2.1Joct-2-ene and 5 ml dry ethanol the reaction solution was stirred at 30 °C for
24 h. The gc of the reaction solution, aﬂef washing an aliquot dissolved in ether with water, had
20 a peak identified by gc/ms (m/z = 235; M"+ 1) as the desired alkene borate. The product is also

formed under the same reaction conditions using CsF (0.61g, 4 mmol) as base instead of K,CO,.

Example 18

25

H,O
C.Hy B—0O

30 H H

Bis(pinacolato)diboron (0.284g; 1.12 mmol), 24 mg PdCl,(dppf).CH,CI, and 0.413g (3 mmol)



20 a peak identified by gc/nms (mz =:235; Mr+ 1) as the desired.al kene
“borate. The product is also forned under the sane reacti on conditions

usi ng CsF () §kskess 4 nmol ) as base instead of KCO3. ' Exanpl q,cjl%(;?gﬁ,obpm /I o
.C2H50 B 0 30 H H Bi s(pi nacol at o) di boron (0.284g; 1.12 nmol),

Pdd 2(dppf) . CH2C12 and 0.413g (3 nmmol) WO 98/58935 PCT/ AU98/ 00476 -32
K2CO were placed in a reaction tube under nitrogen. After addition of
0.232g (1.03 mmol ) ethyl cis-iodoacrylate and 5 ml dry ethanol the
reaction solution was stirred at 25 C. The gc of the reaction solution,

f hi
A e R N80 kOl 5L WB uhdhr lcn WARE e of D2 (POBkamol) et

+ 41)] as tchqo@&a%?ﬂﬁéaﬁﬂlseﬂeirﬁethandttbe reiﬁmxpsod;demtmedmﬂ@?ﬁeamrm@fthqne
sane reaction condltlons using CsF

K201 Exapicionsoligon s vl @@aﬁ%wﬂgigﬁ%ﬂ lnaeé%qra%lﬁii b A asa ipgliied
1.12 mmo PdC
a reacti 031 by 54 é&%ﬂﬁ% Jzﬁé Q‘I%%«f gzérsziggdl t on of 0. %Eg?g_aégﬁmm&%@mné "

2-bromo- 25 yorate. The product is also formed under the same reaction conditions using CsF (0.61g, 4

mmol) as base instead of K,CO..

Example 19

B——©O

15

Bis(pinacolato)diboron (0.284g; 1.12 mmol), 50 mg PdCl(dppf).CH,C, and 0.61g (4 mmol) CsF

were placed in a reaction tube under riitrogen. After addition of 0.143g (0.98 mmol) 2-bromo-2-

20 methylacrylonitrile and 4 ml dry dioxane and 1 ml pyridine the reaction solution was stirred at

50 °C for 19 h. The gc/ms of the reaction solution, aﬁér washing an aliquot dissolved in ether

" with water, indicated that the desired alkene borate had formed [m/z =193 M+ 1), m/z =222
(M* + 29), m/z =234 (M™+ 41)]. ‘

25
Example 20

30



20 methylacrylonitrile and 4 ml dry .dioxane and 1 ml pyridine the reaction
*solution was stirred at 50 C for 19 h. The gc/nms of the reaction solution,
after viashiw@9s1s893d i quot di ssolved in ether wth water, indGEAUP/AWOHEE t he
.desired al kene borate had fornmed [mz = 193 (M++ 1), mz = 222 (M- + 29),
mz =234 (M++ 41)]. 25 Exanple 20 eo 30 O WO 98/58935 PCT/ AU98/ 00476 -33
Bi s( pi nacol at 0) di boron (0.283g; 1.11, mﬁ?l‘), 24.1 ng PdC12(dppf). CH2C1l2 and
0.416g (3 nmol) K2CO were placed in a reaction tube under nitrogen After
addi tion of 0.152g (1.02 nmol) 2- brono-3-nethyl -2-butene and 5

the react i qEispRIattlAto)libaRcn ©12861eld] latnmdl), 24. 1 ThgPdfcl.(dppf) Q%Chéaé@ﬁblﬁg (3 mmol)

sol ut ft hi I t di l.ved t h d
i or 8”pe?mc&wé’?eismﬁofgrr?p@'tlﬁ%ﬁ@@alaﬁ%&lég@ ohfariguigina adBpElgaipRlg-
as the pro bor %ﬁyﬁ% GLdl anﬁ%t&rdrf cﬁ&ﬂ%o&h@ﬁ%va%*aﬁﬂe&& 36 <. trh@ ge

i nt egrated utflﬁe pirnaco er o boronic acid remai ned
unr eact ed. (Ql e Eeafcﬁémléb@éh \Weer Whﬂhﬂgadn z(liqassdlkdmredZﬁ/ccthier whh wattrahages&kmajor

10 ‘Exanpl -0’15 0 B | at o 283g;, 1.11
25 g PUCL Ay SOHEGDE w@a@béés bn?h(%?gc)apeafzg et ST SaToe A6
tion tube und t i o
2 br o 3- Bty PY £t O NESE T 10, G ERsRereidd I8 ey B Binkeol coer of

stirred at g06ronikhBid. r&rmfpé‘d JnPe%cresath&rfomlnuﬁ mgmmmqresmsm%@pfahe adthlpeak
di ssolved in ether with water, indi cat ed t hat

areas).
10
Example 21
>_<B—O
/
o
15

Bis(pinacolato)diboron (0.283g; 1.11 mmol), 25 mg PdCl,(dppf).CH,C, and 0.250g (3 mmol)
20 NaHCO, were placed in a reaction tube under nitrogen. After addition of 0.146g (0.98 mmol)
2-bromo-3-methyl-2-butene and 5 ml dry ethanol the reaction solution was stirred at 30°C. The
ge of the reaction solution, after washing an aliquot dissel\red in ether with water, indicated that
the product boronic acid ester had formed and this was confirmed by gc/ms. No dimer was

observed.

25

30



t he product boronic acid ester had fornmed-and this was confirned by gc/ns.
"No di ner was observed. 25 30 WO 98/58935 PCT/ AU98/ 00476 -34- Exanple 22
5 H20 s-wo0s/g89350H OR 10 A nethanolic solution of gc purect/Au9s/oo476 '
.5, 5-di met hyl -2-(1, 2, 2-tri phenyl vinyl )-1, 3, 2-di oxabori nane was anal ysed by
HPLC (Waters 600E) using a Zorbax colum (ODS) under the follow ng
conditions: X =230 nm 2m/nmin., 809B4H3CN : 20% H2O. Two peaks were
detected, at 1.9 min. (due to partial hydrolysis) and 7.9 mn. (due to the
al kene borate). The area ratio starting material/product = 5.2. 15 Sone
wat er was Egg,ﬁg%etﬂthi s sanple and the solution allowed to stand at room

t enperat ure. ter 20 mn. HPLC anal ysis showed a single peak at 1.9

m nutes. Analysis of the hydrolysed sanple by gc and gc/ns indicated

[ MB(OH) 2] . BPECSOf tripht et hyl ene under the s ndi ti Rr oduced
a single peak| at 81 6 mn O The results above > Api
hydr ol ysi s of g, 5-4i net hy)

nane to

10 A methanolic solution of gc pure 5,5-dﬁnethyl-2-(1 ,2,2-triphenylvinyl)-1,3,2-dioxaborinane was
analysed by HPLC (Waters 600E) using a Zorbax column (ODS) under the following conditions:
A = 230 nm, 2ml/min., 80% CH,CN : 20% H,0. Two peaks were detected, at 1.9 min. (due to
partial hydrolysis) and 7.9 min. (due to the alkene borate). The area ratio starting
material/product = 5.2. '

15
Some water was added to this sample and the solution allowed to stand at room temperature.
After 20 min. HPLC analysis showed a single peak at 1.9 minutes. Analysis of the hydrolysed
sample by gc and gc/ms indicated [M-B(OH),J*. HPLC of triphenylethylene under the same
conditions produced a single peak at 8.6 minutes. |

20
The results above indicate rapid hydrolysis of 5,5-d__imethyl-2-(1,2_,2-triphenylvinyl)—1,3,2-

dioxaborinane to 1,2,2-triphenylvinylboronic acid on exbosure to water.

25 Example 23
2,3,4,5-tetramethyl-2,4-hexadiene

This example describes the formation of an alkenylboronic acid ester using a strong base and the
subsequent coupling of this boronic acid ester with more alkenyl bromide by raising the reaction
30 temperature to yield the symmetric diene. This reaction proceeds via the alkene borate

intermediate.




Thi s exanpl e describes the formation of an al kenyl boronic acid ester using
"a strong base and the subsequent coupling of this boronic acid ester with
nor e al kenwlo 98/58935de by rai sing the reaction 30 tenperat ur ePCHALISDEHTS he
-symmetric diene.-This reaction proceeds via the al kene borate :
internedi ate. WD 98/ 58935 PCT/AU98/OO47§ -35 This internediate is reacted
wi th 2-brono-3-nethyl - 2-butene in the-8 é pot to give 5

Bi s(pi nacol at o) di boron (0.282g; 1.11 nmol), 26.4 ng Pdd 2(dppf). CH2C12 and
K2CO3( 0. 0424g; 10 3.07 mmol) were placed in a reaction tube under
nitrogen. After addition of 2-brono-3-nethyl- 2-butene (0.286g; 1.92 mmuol)
and 5 m dry ethanol the reaction solutjon stirred at 30 f 18 h.
The gc of {This inteeaediag ISISRGied Bth Za#fpgw-mmﬁg‘%”&‘{‘ St i sts?%lg\%d in
ether with water, showed two najor peaks identified as the desired al kene
borate and the excess 2-brono-3- nethyl-2-butene by gc/nms. Alittle (less
than 2 % of the integrated peak alhga) s(pi nacol at o) di boron renai ned
unreacted. No di ner was observed. erature was raised to 60
C for 235 and the gc indicated chy' oronic acid ester had al
reacted and 2, 3, 4, 5-tetranet hyl - the only mgjor product
observed in the gc. This was confirned by O The formation of the
al kenyl boroni c acid pinacol ester from 2-Brono- 3-net hyl - 2- but ene usi ng
PdC1, (dppf).CH2A , as catal yst and K2CO, as base can be carried out at

| ower tenperatures. In DMSO this reaction is slower than in ethanol and

base. 25 HEHPPRARDIIPTTHA TR R i iBroRnr e * 1P e GRED Gep - BB QL gt
and a refpti Py by lven{f%} lied up{ reathm@ubeT\hﬂelaﬁxK'QQQDOAﬁﬁadd@ltlo% oFl2srofry- Beskthyl-

di oxane as “so Itt di mer formati on when
2-butene (0.286g; 1.92 mmol) and 5 ml dry ethanol the reaction solution was stirred at 30 °C for

18 h. The gc of the reaction solution, after washing an aliquot dissolved in ether with water,
showed two major peaks identified as the desired alkene borate and the excess 2-bromo-3-
methyl-2-butene by gc/ms. A little (less than 2 % of the integrated peak area)

15 bis(pinacolato)diboron remained unreacted. No dimer was observed.

The reaction temperature was raised to 60 °C for 23 h and the gé indicated that the
alkenylboronic acid ester had all reacted and 2,3,4,5-tetramethyl-2 4-hexadiene was the only
major product observed in the gc. This was confirmed by gc/ms.

20
The fonﬁation of the alkenylboronic acid pinacol ester from 2-bromo-3-methyl-2-butene using
PdCl,(dppf).CH,C}, as catalyst and K,CO, as base can b;': carried out at lower temperatures. In
DMSO this reaction is slower than in ethanol and this is also the case when potassium acetate
instead of K,CO,is used as base.

25
High yields of the alkeneboronate are formed with K,PO, as base and a reaction temperature of
20 °C. The alkeneboronate is also formed in dioxane as solvent with little dimer formation when

using CsF as base and a reaction temperature of 60 °C.

30



using CsF as base and a reaction tenperature of 60 C. 30 WD 98/ 58935 .

“PCT/ AU98/ 00476 -36- Exanple 24 5 One pot synthesis of this conpound
proceeded Wy dgfagossni tial synthesi's of the al kenyl boronic a%&/ﬂj?&/ﬁﬁtﬁ?r at -
.30 Cin the presence of KZCO, and excess bi s(pinacol ato)di boron followed by
the destruction of excess di boron species by base hydrolysis and then
addition of 4-brono-1,2- (nethyl enedioy)benzene and raising the reaction
tenperature to 60 T. Bis(pinacol ato)di boron (0.384g; 1.51 nmol), 24.7 ny
PdC12(dppf). CH2A 2 and 0.564g (4.1 15 mml) K2CO, were placed in a reaction
tube undergnitr n. After addition of 0.150g (1.0 nmol)
2-bfonn-3-ﬂ§?ﬁ9ﬁ%§-butene and 5 m dry ethanol the reaction solution was
stirred at 30 C for 21 h. | owi Nt he addition of 0.5 nl of water the
reaction was warned to 30 C f oy {urther 3 h. The gc of the reaction
solution, after washing an alj di ssolved in ether with water,

i ndi cated that the di boron conpound/was—Yearly all hydrol ysed by the
aqueous base. 20 4-Brono-1, 2- (net hyl enedioxy) benzene (0. 195g; 0.97 mmol)
was thensadded and the reaction s®utiop/waroaed to 60 Cfor 6 h. Al the
al keneborate had reacted and the ma g¥ oductl, identified by gc/ns, was

t he coupl ed al kenyl aryl species. Alittlw® biardyl conpound was observed in
this reaction but this can be reduced furt®ér by extending the base
hydrolysis time to ensure 25 conplete renoval of the diboronic acid ester.
Exampl e 25 30 WD 98/58935 PCT/ AW98/ 00476 - 37

One pot synthesis of this compound proceeded by the initial synthesis of the alkenylboronic acid
10 ester at 30 °C in the presence of K,CO, and excess bis(pinacolato)diboron followed by the
destruction of excess diboron species by base hydrolysis and then addition of 4-bromo-1,2-

(methylenedioxy)benzene and raising the reaction temperature to 60 °C.

Bis(pinacolato)diboron (0.384g; 1.51 mmol), 24.7 mg PdCl,(dppf).CH,Cl, and 0.564g (4.1

* 15 mmol) K,CO,were placed in a reaction tube under nitrogen. After addition of 0.150g (1.0 mmol)
2—br§mo-3-methyl-2-butene and 5 ml dry ethanol the reaction solution was stirred at 30 °C for
21 h. Following the addition of 0.5 ml of water the reaction was warmed to 30 °C for a further
3 h. The gc of the reaction solution, after washing an aliquot dissolved in ether with water,
indicated that the diboron compound was nearly all hydrolysed by the aqueous base.

20 |

4-Bromo-1,2-(methylenedioxy)benzene (0.195g; 0.97 mmol) was then added and the reaction
solution warmed to 60 °C for 6 h. All the alkeneborate had reacted and the major product,
identified by gc/ms, was the coupled alkenylaryl species. A little biaryl compound was observed
in this reaction but this can be reduced further by extending the base hydrolysis time to ensure

25 complete removal of the diboronic acid ester.

Example 25 : \/ _

30



Bi s( pi nacol at 0).di boron (0.281g; 1.10 mml), 21.1 ng palladium acetate and
“KCO, (0.417g; 3 mmol )were placed in a reaction tube under nitrogen. After
‘addi ti on ofw@s#s898®- 3- net hyl - 2- butene (0.149g; 1.0 nmol) andcTdxyesaiohznol
-(5 mM) the reaction solution was stirred at 30 C for 5 19.5 h. The gc of
the reaction solution had only one major peak (80 % of the integrated area)
identified by retention time as the ded/red al kene borate. No

2- brono- 3-net hyl - 2-but ene or bi s(pi nacol at o) di boron were observed in the
reaction solution. The al kenyl boroni c acid pinacol ester forned was coupl ed
with (3-bronpstyrene in the presence 10 of palladium acetate by warm ng

the reaction solution to 60C wi thout addition of e base. T 0 d
pr oduct vvaBls(nlamda‘td))édmmﬂ @288, 1.1 mmelh il d B pla&ar%% acgfate,angd %&ﬁ (@811%’63

FZ)I B?g?rlo gsfpgt{l i er%l Exlég(ga%bgn &%%QTH& mfr?gengg%tép aéldlt on OCf;H 22-&rom? Eémﬁ%x 1- %—n d

KQAC (300 Rens g) 1.0%firflol§ had di@d:thaﬂol (rmilll)allfmleaxﬁtﬁ)nrﬂo]utmh ve3Gtimretl iat 3@PC fohe

br oni de ha?grea ed (gc ana?y5| s of a small sanpl eﬂﬁ&&g%meak at 4%@81@8,{'

di bor oni ¢ d$th. Ehe gc mfmem;acnméo latierokad QAlYBRGMAIOE

Ferer at ur adynsited 25 Tssnion sy eied olFEE: borile Kot bR dilo-yrens or

reaction mixi U e WALTEShibR wibobieived mﬁak:'reécﬁ@n@&ﬂ@ﬁdﬂx borate had reacted (new
peak at 5. ninthe gc trace). 30 WO 98/58935 PCT/ AU98/ 00476 - 38-

Exanpl e 27
The alkenylboronic acid pinacol ester formed was coupled with 3-bromostyrene in the presence

10 of palladium acetate by warming the reaction solution to 60°C without addition of more base.

The coupled product was identified by ge/ms.

15 Example 26

H,
. CH3

CH,
20

The pinacol ester of diboronic acid (320 mg, 1.2 mmbi), 2-bromo-3-methyl-2-butene (149
mg, 1 mmol), PdCl,(dppf).CH,Cl, (40 mg) and KOAc (300 mg, 3 mmol) were stirred in
methanol (6 ml) at 60°C until all the bromide had reacted (gc ahalysis of a small sample, new
25 peak at 4.9 min, diboronic ester at 8.1 min). The excess diboron compound was decomposed
with H,0 (0.5 ml) and Cs,CO, (960 mg, 3 mmbl) by stirring at room temperature for ca. 3h.
p-lodotoluene (218 mg, 1 mmol) was added and the reaction mixture warmed to 60°C until

all the akenylborate had reacted (new peak at 5.4 min in the gc trace).

30



5 OH In a Schlenk tube under nitrogen, a m xture of bis(pinacol ato)di boron
(271 nmg; 1.07 mmol),. 3- brono-3-buten-I-ol (146 ny; 0.967 mmol),
PdCl , (dppf wdsd/4sd3s (26 ng; 0.032 mmol) and 10 potassi um car pepaliRsbdsde NU;.
:3.00 mol ) in dry MeOH (5 m) was sealed and stirred at 30C - for 18h. A
sanpl e of the reaction mxture was extracted into dichl oronethane, washed
with dilute HC~, g, and dried (MJSOH) .-38nal ysis of the reaction m xture by
gc/ ms showed the presence of the diner (mz = 143; Mt+1). 15 Exanple 28 NC
20 .CN In a Schlenk tube under nitrogen, a m xture of
bis(pinacohgto}éﬂﬁgaron (250 ng; 0.984 mol ), 3-brono-2-nethylacrylonitrile
(131 ng; O. ), Pdd 2(dppf).CH2C12 (46 ng; 0.056 25 mmol) and cesi um
fluoride (408 ng; 2.69 mmol) in dry dioxane (5.5 m) was seal ed and
stirred at 30C for 22h. yhhe gc of the reaction solution showed two naj or
peaks identified as the i and unreacted di boron conpound by
gc/nms. A small amount of the al ken borate was al so detected. 30 O her
conpounds may be prepared in a sim|ar fashion. WO 98/ 58935 PCT/ AU98/ 00476
-39 Throughout this specification and the_clainms which follow, unless the
context requires otherw se, the "e0 ise", or variations such as
"conprises" or "conprising", wil1l be understd¥d to inply the inclusion of
a stated integer or group of integers but not the exclusion of any other
i nteger or group of integers.

In a Schlenk tube under nitrogen, a mixture of bis(pinacolato)diboron (271 mg; 1.07 mmol), 3-
bromo-3-buten-1-ol (146 mg; 0.967 mmol), PdCl,(dppf).CH,Cl, (26 mg; 0.032 mmol) and

10 potassium carbonate (415 mg; 3.00 mmol) in dry MeOH (5 ml) was sealed and stirred at 30°C
for 18h. A sample of the reaction mixture was extracted into dichloromethane, washed with
ditute HC,,, and dried (MgSO,). Analysis of the reaction mixture by gc/ms showed the presence
of the dimer (m/z = 143; M™+1).

15

Example 28
NC

20
CN

In a Schlenk tube under nitrogen, a mixture of bis(pinacolato)diboron (250 mg; 0.984 mmol),
3-bromo-2-methylacrylonitrile (131 mg; 0.897 mmol), PdCL(dppf). CH,Cl, (46 mg; 0.056
25 mmol) and cesium fluoride (408 mg; 2.69 mmol) in dry dioxane (5.5 ml) was sealed and
stirred at 30°C for 22h. The gc of the reaction solution showed two major peaks identified
as the alkeneldimer and unreacted diboron compound by gc/ms. A small amount of the alkene

borate was also detected.

30 Other compounds may be prepared in a similar fashion.



5 Those skilled in the art will appreciate that the invention described
"herein is susceptible to variations and nodifications other than those
speci fical Iwodgzgsssbed. It i's to be understood that the invpatisesiiskudes
.all such variations and nodifications. The invention also-includes all of
the steps, features, conpositions and conmpounds referred to or indicated in
this. 10 specification, individually or3xellectively, and any and all

conbi nati ons of any two or nore of said steps or features. WD 98/ 58935
PCT/ AQ8/ 00476 -40 THE CLAIMS: THI' S SHEET HAS BEEN REPLACED 1. A process
for coval emﬁoﬂﬁ{bﬁs eSHLRM SdGRIRDHR SehicToNdW, LBI¥RY 1he @8nteRBfiquites Gtherwise,
olefinic co & havi g a halogen or hal ogen-like substituent at a .
coupl i ng POk ol "comphist') ot vatidionsuctiessi'vamprses| or chmppisiags ol befundersiogd so
VIl nmetal catalyst and a suitable base. 2. A process ?B?cor dj n%)t o g)l m-1
wher ei n sai itnply oy isalugioniof atstajed ntegpal8RONP Wi CgELT PPt T9F Hhe oS &Togou theg
forma symetrical coval.ently coupled product, said reaction 10 proceeding
via an al ke’ﬁ‘éegﬁbp’égré’upr?tféql?%%ﬁ'at e, this intermediate reacting with the
remai ni ngsol efi ni c conpound to formthe coupled product, said coval ent
coupling conprising a coval ent bond between_the vinylic coupling poshbkpns
of two nol eThbssskibéd mmihd ant will appeeciatasbatribe invsntion desgribedsBereltSoMaTSRY

claim 2 wherein said suifable base cat ses . i f:

al kene bor av&i3tions 2pe gpogilicatins PYET g@ﬂgb e%??gﬁégg{ ?%ﬁ’flg\néﬁhtlggo P grlrlan?gﬁhoé) d
ol efinic co iord G Hiond ah® nfdddidRidneREinvehtion Slsbtindlhdes
base only nggpgg%vseﬁ§%®£§§%§$%§ﬁ 20 of the al kene1 borate internediate
under the regacifi gz sepy]i fehrans, camgbsitiogeancbaempbmidsgrefer_red to or indicated in this.

10 specification, individually or collectively, and any and all combinations of any two or more

of said steps or features.



added and/or the tenperature being increased after the formation of the
internmediate to catalyse reaction of the internediate with the remaining
olefinic c ' 5.. A process for covalently coupling orggpi nds
.accordi ng ?f)@c %lgﬁ 1 which 25 conprises: (i) reacting an o?ﬁ&‘r@g/ﬂ@@ﬁpound
having a hal ogen or hal ogen-1like substituent at a vinylic coupling
“position with a diboron derivative in_yge presence of _.a Goup VIl npetal
catal yst and a suitable base to form an al kene borate—36—ntermediate, and
WD 98/ 58935 PCT/ AUQ8/ 00476 - 41 - THI S SHEET HAS BEEN REPLACED (ii)
reacting t | ke orate intey I abe rgani ¢ conpound having a
hal ogen or tﬁﬁ&g&?‘#ke substit uzﬁg %’E%Z\Eééﬁf@”g position in the presence
of a Goup VIIl netal catalyst{and abl e bgse, whereby the olefinic
conpound is coupled to the organic conmpound via a direct bond between
respective 1.5 cupkooegs forsiovilenty céuphingrovgass cernpmmds mdnichocarhptiises Seacitieg einn
the organic conpound is different fromthe ol efjnic conpound. 1?, 7

> AL
process accor di fiefinés camnound hayieg & halogen arhalngenglike substigeat aia eoHNIBSPOSKIOR o
dded f f ti f th | te ' t .
i eact ocb di bor SR HaPp el 1 18 pr8e koot Bha Il théial fuflff AR Fiuable

conducted in a gjzggle pot. 15 9. A process according to cl.aim5 wherein
the al kene borate internediate is isolated prior to reaction with the
organi ¢ conpound. 10. A process according to any one of clains 5 to 8

wherein the organic conpound is an o . . .
2. g A process according to daim 1 wherein said diboron derivative is reacted with said

olefinic compound to form a symmetrical covalently coupled product, said reaction
10 proceeding via an alkene borate intermediate, this intermediate reécting with the
remaining olefinic compound to form the coupled product, said covalent coupling
comprising a covalent bond between the vinylic coupling positions of two molecules

of said olefinic compound.

15 3. A process according to claim 2 wherein said suitable base catalyses both the formation
of the alkene borate intermediate and the subsequent reaction with the remaining

olefinic compound.

4, A process according to claim 2 wherein the suitable base only catalyses the formation
20 of the alkene borate intermediate under the reaction conditions, a stronger base being
added and/or the temperature being increased after the formation of the intermediate

to catalyse reaction of the intermediate with the remaining olefinic compound.

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

25 comprises:

(1) reacting an olefinic compound having a halogen or halogen-like substituent at
a vinylic coupling position with a diboron derivative in the presence of a

Group VIII metal catalyst and a suitable base to form an alkene borate

30 intermediate, and



20 aromat-i ¢ or .pseudoaronetic—Fng—conpound havi ng a hal ogen or
“hal ogen-1like substituent. 11. A process according to any one of clains 5

to 8 wher ewo 48/58933r gani ¢ conpound is an ol efinic conpound wcirinwshedregen
.or hal ogen-1ike substituent in a vinylic coupling 25 posjtio 12. A

process. according to any one of clans 5 to Mﬂ?rsﬂEHTtHﬁS BEENNI C conpound
ha
t

is an aliphatic conpound having a haléden or oggﬂ:Adége subgtituent. 30
13. A process according to any one of clanms 3to.8 where+r—thelorganic
compound i s an WD 98/ 58935 pCT/ AU98/ 00476 -42- THI S SHEET HAS BEEN
REPLACED al | yl if) corfeauing thevikede Bohadd Dgemediatdravithgmnorghisie comipotind heving a
14. A process according to any one of clans 5 to 8 wherein the organic

compound i s an acet \Halogeworhaiggsodike substiteens aha cogRmEdosKignggdhe pfasgnce of a

substituent. 5 15. A proc according to clai.m?2 or .clai . e

organi ¢ conpound has ‘HOFR H‘Er‘ﬁ&ﬂ‘@lyﬁ%’ggaewt%?ler?ﬁ'f%gfveh;é-r%yﬂ%gsoui%ﬁs{l‘l’e%@gh@q n
vinylic coupling posii - . thé RERRE SEMBEERT Hian® directChaid bérwebe redpactiite
ol efi nic compound hasIE acggﬁlgg'gtlgt uentévvhi ch ﬁ10 is reactive with P
organonetsal | i ¢ conpowadslinglgositfergr ocess according to claim5 wherein the

ol efinic compound has an active hydrogen containing substituent. 15 18. A
process according to claim5 wherein at | east one of the ol efinic conpound

and the organic, conpound has re i
Subst i tuen®. 19.A RrOSRELBaMaRe b Ay B2 BALR SmesBhg A ETe from e
the Goup VIIT ngidlic c&ﬁb&m@t conprises palladium nickel or platinum 20

10 7. A process according to claim 5 wherein water or water and a suitable base are added
after formation of the alkene borate intermediate to decompose unreacted diboron

derivative.

8. A process according to claim 5 or claim 7 conducted in a single pot.

15
9. A process according to claim 5 wherein the alkene borate intermediate is isolated prior

to reaction with the organic compound.

10. A process according to any one of claims 5 to 8 wherein the organic compound is an
20 - aromatic or pseudoaromatic ring compound having a halogen or halogen-like

substituent.

11. A process according to any one of claims 5 to 8 wherein the organic compound is an
olefinic compound with a halogen or halogen-like substituent in a vinylic coupling

25 position.

12. A process according to any one of clams 5 to 8 wherein the organic compound is an

aliphatic compound having a halogen or halogen-like substituent.

30 13. A process according to any one of clams 5 to 8 wherein the organic compound is an

R



20. A process accordinmg to ctaimi9—wherein the Goup VIII netal catal yst
‘is a palladium catalyst. 21. A process according to-claim?20 wherein the

pal | adi um-. is a palladium 25 conplex. 22. A proces i to
-claim 19 m@_g’%’%@% e catalyst is a nickel conplex. 23. A pr?gg‘g'g%g)lg%di ng
to claim?21 wherein the palladiumconplex is selected from 30 PdC12,

Pd( OAc) 21 PdC12(dppf) CH2A 2, Pd(PPh3) 4,42Qr ohegeHEENIHLG BYBNB/ 58935

PCT/ AU98/ 00476 - 43 triani syl phosphine, trijtolyl ptmsphpne,
Ph2P(CH2),, PPh2 where n is 2, 3 or 4, tricyf e or

benzonitrile. 24. A process, accor di 0 i 0 LaLm 23 wherein the
pal | adi um conpl e&}lyﬁg °°@PP%?%§%V&F %haggésno?f%ﬁég%@#% &bgéaétg process
according to claim 20 wherein the catalyst is selected fromthe group ,
consi sting of palladiumblack, palladiumon carbon, palladiumclusters_ and
pal | adi um 14n pok prstesy wssrdinkOto2By ofe of ctasas5 to-8 srherainy theodrgARIF ROIPOWREG i%Tth
the catalyst is selected fromthe grou cons|i St nq. of Ei %léel bl ack, Raney
ni ckel , nickel oseigniorOEPRING; TaKEE %li‘aﬂ%geé‘r%" oggn-like sphst lex or a

ni ckel conplex tethered on a solid support. 15 27. A process according to
claim 19 erein the Goup VIIl netal catalyst is a platinum catalyst. 28.
A process aggcor d,]i\gﬂoééés GtcRdrdihg fo WiARH @i ¢t dlhien Plvetierdin thecarzaniy sompsuse hec trede
from platinum bl ack, platinumon carbon and plati numclusters or a -

pl at i num conpl exthan onebalaggr et halogenclikepubstituents i ¥igy bé CRUPIiEi RPSEIPBBor t . 29.
A process according to claiml or claim5 wherein the olefinic conmpound is
a

16. A process according to claim 5 wherein the olefinic compound has a substituent which

10 is reactive with organometallic compounds.

17. A process according to claim 5 wherein the olefinic compound has an active hydrogen

containing substituent.

15 18. A process according to claim 5 wherein at least one of the olefinic compound and the

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

19. A process according to any one of claims 1 to.18 wherein the Group VIII metal
catalyst comprises palladium, nickel or platinum. '
20
20. A process according to claim 19 wherein the Group VIII metal catalyst is a palladium

catalyst.

21. A process according to claim 20 wherein the palladium catalyst is a palladium

25 complex.
22. A process according to claim 19 wherein the catalyst is a nickel complex.

23. A process according to claim 21 wherein the palladium complex is selected from

30 PdCl,, Pd(OAc),, PdCl(dppf)CH,Cl,, Pd(PPh,),, or one containing

J— w:[__'__o-/—

U



conmpound of formula l: R~-R I 25 CCN R3 Xwhere R, R2 and R ‘are
‘each i ndependent | y setected=fromatkyt, al kenyl, al kynyl, 30 aryl, )
het eroaryl, acyl, grylalkyl and heteroaryl al kyl (each of which may be

.optionall ywoos/s8935. . ... .. e e e c e e ey, ., PCTI/AUSSI00476S

T . ul i .., . u"9-.W.,dc,elaWJ. ulLitliui:LNiinaia.tLle,"1 .. ., ! .1,
Iy A A S et I N AR U RNt

+ui el h, wi ,6ueiilieltCY~-Hililu~F'}~n€43i-idtit!Iliit;l,. 2 r i'i 11 ~ 12
"1~ ~ 1~ ~~.. k IBfidl~lii;ll1~tSF1~"~.L43i1°vim:i;: ~-~~~~~7.1+ WO

98/ 58935 PCT/ AU98/ 00476 -44- substituted); cyano, isocyano, fornyl,
carboxyl, nitrog iﬁﬁ%@gh KiaX Yiritdly lphosphine, R, PHbe Rigteoi ¥s 2 13loodl koxy,
Iﬁa aryl k

hal oal kenyl oxy, Xy, nitroal kyl, nitroalkenyl, nitroal kynyl, _
aryl anmi no, di ar ytieyrlohexylphasphingl, anbergonittikeny| acyl , al kynyl acyl, aryl acyl,
acyl am no, diaclam no, acyl oxy, alkyl sul phonyl oxy, 5 aryl sul phenyl oxy,

het erocycl oxy, aryl sul phenyl, carboal koxy, carboaryl oxy, alkylthio,

benzyl t hi o, ,acylthio, sul i dg, . Suhf l: I dﬁﬁ{,q%rmé ;
car boxi m d;f‘; sdt ﬂ)lr?ﬁﬁs,s %géﬁ}ﬁp%imr% @?ﬁn?lislu@&%gﬁ%r {ggfrﬁyﬁﬁ?&ggﬂaom m dyl’, *s
sul fondi igm dyl , eieteli QROIMGIQGpPALL., sul fanyl, phosphorous containing
groups, guani dinyl, duanidino, ureido and ureylene, and X is a hal ogen or

hal ogen-1i ke substituent. 10 30. A process according to anyone of clains 1
to 29 wherein the di boron dgrivativ.e [

derivative28f dibdTBFRsS ageqr l.ngstf.Clﬂ“bFgcgg%feig‘i‘i‘e;C&?%?t%%@@%wﬁ“%%rgé?“rP
the diboron der ic\éﬂstién*ﬁ% dt f)al’l’adﬁﬂﬁrgﬁh'lﬂ%aﬂﬁdihﬁleon carbon, palladium clusters and palladium
. in porous glass.
10
26. A process according to claim 22 wherein the catalyst is selected from the group
consisting of nickel black, Raney nickel, nickel on carbon and nickel clusters or a

nickel complex or a nickel complex tethered on a solid support.

15 27. A process according to claim 19 wherein the Group VIII metal catalyst is a piatinum

catalyst.

28. A process according to claim 27 wherein the platinum catalyst is selected from
platinum black, platinum on carbon and platinum clusters or a platinum complex or

20 a platinum complex tethered on a solid support.

29. A process according to claim 1 or claim 5 wherein the olefinic compound is a

compound of formula I:

R? R!
25 N I
= c=——c
’ IR3 X

where R!, R? and R are each independently selected from alkyl, alkenyl, alkynyl,
30 aryl, heteroaryl, acyl, arylalkyl and heteroarylalkyl (each of which may be optionally
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B T 10 = e 2 L e e
'or -B(OR)2 represents a cyclic group 20 of the formula o rHis REt rr Kk;
PLACED BEEN where R is opfionally substituted al kyl ene, aryl ene or other -
-divalent group conprising 25 linked aromatic and aliphatic noieties. 32. A
process ofwﬁlﬁjsg;:él wherein the di boron derivative is selected fromthe
group consisting of bis(pinacolato)diboron, bis(ethanedi ol BEEPYPHENM3,

bi s(n- propanedi ol at 0) di boron and bi s(neopentyl di ol at 0) di boron. 30 WO

98/ 58935 PCT/ AU98/ 00476 - 45 33. A ppgcess of any one of clainms 1 to 32
conducted in the presence of a solvent. 34. A process of claim 33 wherein
the solvent is a protic solvent. .5 35. A process of claim 34 wherein the

protic solvent is water or an al cohol.. 36.. A pgrocess. of claim 34 wherein .
the solvent is vRRs{utedsqY3RQ| ,‘SO%YQ’i‘SnJmeYlsd’&ﬁ??&é( oT“troorhai n&%}f’e BO%0f .

10 37. A proces | a4 erej S | 72!E;DIVIS di ox

DVE, di et hyl e?ﬂgé),{ﬁﬂ—wl%ém )Eltgl Srglé&?ﬁ’er g(%% 'gﬂk%lylé ’prgé:]ggyﬁg?’ ’ a%‘ﬂgﬁje(yldf
claims 1 to 36 qarsiuengl Aftroalkyaylpedrglatiifo bdiampemitd, adilenzy26ino L liddhyladyl,
process of claim 38 wherein the tenperature is in the range of 15 to 40C
40. A process oflkynylagyls ahdagiln acy Pt adireylpraing, orcyorp (alkylsulphensdor
of cat al %si ng

T

arylsulphenyloxy, heterocycloxy, arylsulphenyl, carboalkoxy, carboaryloxy, alkylthio,
benzylthio, acylthio, sulphonamide, Isulfanyl, sulfo, carboxy, carbamoyl,
carboximidyl, sulfinyl, sulfinimidyl, sulfinohydroximyl, sulfonimidyl, sulfondiimidyl,
sulfonohydroximy!, sulfamyl, phosphorous containing groups, guanidinyl, duanidino,
ureido and ureylene, and X is a halogen or halogen-like substituent. |
10

30. A process according to any one of claims 1 to 29 wherein the diboron derivative is an

ester or other stable derivative of diboronic acid.

31. A process according to claim 30 wherein the diboron derivative is a compound of the
15 formula R ——

(RO),B-B(RO),

wherein R is optionally substituted alkyl or aryl or -B(OR), represents a cyclic group
20 of the formula o o
/N
—B R'
N,/

where R’ is optionally substituted alkylene, arylene or other divalént group comprising

25 linked aromatic and aliphatic moieties.

32. A process of claim 31 wherein the diboron derivative is selected from the group
consisting of  bis(pinacolato)diboron, bis(ethanediolato)diboron, bis(n-

propanediolato)diboron and bis(neopentyldiolato)diboron.
30



reaction of the olefinic conpound Wwth the diboron derivative, but not - -
strong enough 20 under the condiTions used im the reaction to catal yse the
further reaction of the alkene borate intermediate with the organic :

-conpound. 4o ogisggicess of claim40 wherein the suitable basgsusilosft €d
Tromthe group consisting of aryl and al kyl carboxyl ates, carbonates,

- f| gorides and phosphates of Li, Na, K, Rb, 25 Cs, anmoni um and
al kyl ammoni um 42. A process of claim-B56r claim5 wherein the suitable
base is selected fromthe group consisting of aryl and al kyl carboxyl at es,
fluorides, hydroxides and carbonates of Li, Na, K Rb, Cs, amonium
al kyl anmoni,ym neRITRERR3 IS 32200 1Y tHehsredened 662 Qblvkht. Na,
K Bb and s p%?b%?ge“e%‘sg’r“g of Eii%,gll@; K dated CS?QV\O 98/ 58935 |
PCT/ AU98/.00476 THI S SHEET HAS 6EEN REPLACED - 46 phenoxides of Li, Na, K
Rb and Cs; al koxides of Li, Na, K Rb and Cs; and t,hallium hydr oxi de. 43.
A process G#.cl oA praeshel dpim 8hahsiain fis Iveak is HPTUUCSBIVENE) s sel ect ed
fromcesium 5 carbonate, potassium carbonate, potassium phosphate and
al kali metal hydroxides. 44. A process of claim5 wherein one of said
ol efinic !]3%‘3190“”& piilssaf daipt 98 Wiereif HEFYORE shivert DWayeTar-anldlcotol. A
functional i'sed polynmeric solid when. prepared in accordance with the
process of claim44. 46. A process of claim5 wherein either the olefinic

conmpound or the organic conmpound . is chem cally linked.to olid.pol yner
S ARG HER Al TR g e SR s R s 2

conprising reacting_an.olefinkc ring conpound having a hal ogen or
hal ogen-1i ke sub%rtzfg?‘tlfgﬂfe Lﬁzﬁlifggn active hydrogen

10 37. A process of claim 33 wherein the solvent is DMSO, DMF, dioxane, DME, diethyl

ether, THF or a mixture thereof.

38. A process of any one of claims 1 to 36 conducted at a temperature between 0° and
120°C.
15

39. A process of claim 38 wherein the temperature is in the range of 15 to 40°C.

40. A process of claim 5 wherein the suitable base of step (i) is capable of catalysing
reaction of the olefinic compound with the diboron derivative, but not strong enough
20 under the conditions used in the reaction to catalyse the further reaction of the alkene

borate intermediate with the organic compound.

41. A pfocess of claim 40 wherein the suitable base is selected from the group consisting
of aryl and alkyl carboxylates, carbonates, fluorides and phosphates of Li, Na, K, Rb, -

25 Cs, ammonium and alkylammonium.

42. A process 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, alkylammonium, Mg, Ca and Ba; phosphates, and

30 arylphosphates of Li, Na, K, Rb and Cs;'phosphate esters of Li, Na, K, Rb and Cs,



cont-ai ni-ng substi-tuentwi't-h a-di-boren derivative L
‘M1l netal catal yst : a suita base. 20 . A process for preparing
al kene borate internedi ates conprising reacting an olefm c conpound havi ng
.a hal ogen or hal ogen-like substituent with a diboron derivative in a protic
sol vent, DgQs;skhs - di oxane, DMVE, diethyl ether, THE or a "155*)&)’38/@496

thereof in the~pmesence of a Goup VIII netal catal yst and suitabl'e base.
25 49. A procesEHIScserat nes tggggl aim47 or claimd48 wherein water, water and

i

sui t abl e base,} or REPLACLOXI di §i ng agent are added to deconpose unreacted
di boron deri vatitve—50-—An—-alkene borate internediate prepared according to
the process of any one of clains 30 47 to 49. ---- I WD 98/58935

nyar ol ysi ng an BREHEeTR I RERERE shd o CREBRII LENECRE RRTS s BbnY

- prepared accor difgrokidel he process of claim 1 wherein the ol efinic
conpound has nore than one hal ogen or hal ogen-like substituent. 53. A
dendrimer prepared according to the process of claim1l wherein the olefinic
conpound has nore than t hal ogen .or, hal.ogen-1i ke substituents, .10 54. A
process actbr di AgPIasesy ‘éf},\ﬁi”@ @Aé'feé"r‘ﬂ di“hé‘“a%g ?4‘7?(9?5?9%8 r‘ﬁjs‘:}rfﬁeq From, PR
conpound.are |i t | pe) SIkh i st i) Rb £ides.
f ormed afster rg%???%%’g[gqggﬁﬁ%l#g?l?a%cpoté%%oué@gﬁtﬁﬁtﬁ(ﬁe g‘?boron é@ri vgs’ti ve
reacts with the organic conpound to provide an intranol ecular ring

closure. 15 55. Novel al kene borates, sel ected fromthe group consisting of
44. A process of claim 5 wherein one of said olefinic compound and said organic

compound is a polymer.

10 45. A functionalised polymeric solid when prepared in accordance with the process of

claim 44.

46. A process of claim 5 wherein either the olefinic compound or the organic compound

is chemically linked to a solid polymer support.
15

47. A process for preparing alkene borate intermediates comprising r;éacting an olefinic
ring compound having a halogen or halogén—like substituent and :;n active hydrogen
containing substituent with a diboron derivative in the presence of a Gr;up VIII metal
catalyst and a suitable base.

48. A process for preparing alkene borate intermediates comprising reacting an olefinic

compound having a halogen or halogen-like sﬁbstituent with a diboron derivative in

*'ﬁ'.l—t-.‘._;.d‘_“-

a protic solvent, DMSO, DMF, dioxane, DME, diethyl ether, THF or a mixture o
thereof in the presence of a Group VIII metal catalyst and a suitable base. H

25 |
49. A process according to claim 47 or claim 48 wherein water, water and suitable base,

or a mild oxidising agent are added to decompose unreacted diboron derivative.

50.  An alkene borate intermediate prepared according to the process of any one of claims

30 47 to 49. ———
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1, 2-di nethyl prop- | -enyl)-5, 5-dinethyl-1, 3, 2-di oxabori nane, 5,5
i met hyl - 2- (1 2, 2 tri phenylvinyl)-1, 3,2-dioxaborinane, 20 4,4, 5,

d
(2)-2(4.4, %9% Anet hyl - 1, 3, 2- di oxabor ol an- 2-yl) et henyl ?@T’A%”/O““%

2
2
5-
1
S 4,
5-
(
5-
(
2-

(
(
[
tetramet h 2 2-tri phenyl vinyl)-1,3, 2-di oxabor ol ane,
) -
-

di met hyl 2-(4,4, 5, )
tetranet hyl -1, 3, 2-di oxabor ol an- 2-yl ) cycl o- hex-2-en- | -one,
E)-2-nethyl -3-(4,4, 5,

tetramet hyl - 1, 3, 2- di oxabor ol an-2-yl ) prop-2-enenitrile, ethyl
Z) -

3-(4,4,5 5tetrarreth|-132d|o bor ol an:- 2- ro enoat e,
bi cycl of PL2. 1]6d!1'92€5érfy OB PFEPATiAg nsa E ‘i’ﬁS’P’r?yT‘é{é)b% 12&598}?%0%%86 boraie
1,2,2-triphenyl vi n 56. A-process for covalently coupling
organic corrpoun P%ﬂggﬁpc%fﬁ%fﬁﬁses 30 reacting an ol efinic conpound having

a hal ogen or hal ogen-1ike substituent at a vinylic coupling position wth
di boron derivative in the presence of a Goup VIII V\D 98/ 58935

PCT/ AU98/ 005276 A p8lymeetprepared aalcg@ﬂumnép dhes procgsy of sdaim tlowherein dhe Hlefinie
borate internedi ate; ingamild disin d 0se excess

di boron deri vat.%np%m@sffgﬁmﬁfi DF %eRé’ﬁ§aFgF%'ﬁ%8‘i’%?gue\%Pth an organic
conmpound havi ng a hal ogen or halogen | i ke substituent at a coupling
position in the presence of a Goup VIII netal catalyst and a suitable
base wher ebs3 t hepoli@fdrithes sreparedindcdrdinpotptiedptooedshef clainyahiwhecginyptharmefinia
a direct bond between respective coupling positions, 10 57. A process
according to cl atompBingrhes aare thaa ol Rplegendr falpgendikasubsiitagntsct ed from

N-chl or osucci ni m de, di oxygen gas, chloram ne-T, chloram ne-B,
l-chlorotriazole, 1,3-dichloro-5,5-dinethyl hydantoin, trlchlor0|socyanur|c

acid and 1od54:h' Or OiAS BFRYBN Kdcbrdifid € BRI TSWheRemAthe -oldknid tbep&iniFand 1e kb
compound are linked together such that the alkene borate intermediate formed after
reaction of the olefinic compound with the diboron derivative reacts with the

organic compound to provide an intramolecular ring closure.
15 55. Novel alkene borates selected from the group consisting of

2-(1,2-dimethylprop-1-enyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane,
2-(1,2-dimethylprop-1-enyl)-5, 5-diﬁethyl- 1,3,2-dioxaborinane,
5,5-dimethyl-2-(1,2,2-triphenylvinyl)-1,3,2-dioxaborinane,

20 4,45, 5-tetramethyl-2-(1,2,2-triphenylvinyl)-1,3,2-dioxaborolane,
ethyl (Z)-2(4,4,5,5-tetra.methyl-1,3,2-dioxal;orolan-Z-yl)ethenyl ether,
4,4-dimethyl-2-(4,4,5,5-tetramethyl-1,3 ,2-dioxaboro_lan-2-yl)cyclo-hex-2-en- 1-one,
(E)-2-methyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)prop-2-enenitrile,
ethyl (Z)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)prop-2-enoate,

25 2-bicyclo[3.2.1]oct-2-en-3yl-4,4,5,5-tetramethyl- 1 ,3 ,2-dioxaborolane, and
1,2,2-triphenylvinylboronic acid.

56. A process for covalently coupling organic compounds which comprises:

30 reacting an olefinic compound having a halogen or halogen-like substituent at a

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

(1,2-dimethylprop- | -enyl)-4,4 5, 5-tetramethyl -1, 3, 2-dioxaborol ane,
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metal catalyst and a suitable base to form an alkene borate intermediate;
adding a mild oxidising agent to decompose excess diboron derivative; and

reacting the alkene intermediate with an organic compound h;aving a halogen or
halogen-like substituent at a coupling position in the presenéé of a Group VIII
metal catalyst and a suitable base whereby the olefinic compound is coupled. to the
organic compound via a direct bond between respective coupling positions.

A process according to claim 56 wherein the mild oxidizihg agent is selected from
N-chlorosuccinimide, dioxygen gas, chloramine-T, chloramine-B, 1-chlorotriazole,
1,3-dichloro-5,5-dimethylhydantoin, trichloroisocyanuric acid and

dichloroisocyanuric acid potassium salt.
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