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Hydroboronation Process 

This invention relates to a process for preparing organoboron compounds which involves 

reaCting an appropriately substituted organi~ compound with a substituted borane. In 

particular the invention relates to the synthesis of aryl or vinyl borates using disubstituted 

5 moilohydroboranes and related species. These organoborates, and their corresponding 

boronic acids, are useful reactants in organic coupling reactions. They are particularly useful 

in the synthesis of new and kno\vn organic molecules and have application in the synthesis of 

pharmaceuticals, pesticides and other useful organic compounds. The compounds represent 

useful intermediates and building blocks for organic synthesis and are useful in combinatorial 

10 chemistry. 

Processes for forming covalent bonds between organic compounds, both inter- and intra­

molecular, are of particular importance to the synthetic organic chemist. Many ·such reactions 

are known, each requiring its own special reaction conditions, solvents, catalysts, activating 

15 groups etc. Some known types of coupling reactions involving olefinic moieties include .the . 

Michael reaction and reactions ~cribed 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 0-12-466615-9); Palladium Reagents and 

20 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 

bonds towards coupling reactions. In this regard the Heck reaction of an alkene with an aryl 

25 or vinyl halide in the presence of palladium derivatives has been the subject of intensive. 

smdy. Other GroiJ.p vm metal catalysts. such as platinum, have also been used to activate 

such carbon bonds. 

The success of the Heck reaction depends to a large extent on the substrates and the reaction 

30 conditions. When two (J-hydrogens are present in the alkene the reaction gen.Crally leads to 

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

Although alkene borates (alkenylborates) can he reacted with a variety of organic molecules 

to give coupled products via the ~n of new carbon-carbon bonds (See for example the 

5 references above) the process for the preparati~ of the alkenylborates by the commonly used 

hydroboration reaction of alkynes is limited because of the <lifticulties that are encountered 

thrm1gh the lack of regiochemistry and/or chemoselectivity (~ as the reduction of a number 

of.different functional groups) (See N. Miyuara and A. Suzuki, Chem Rev. 1995, 95, 2457-

2483). Improved methodologies are thus required for the synthesis of alkene borates. 

10 

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

agrochemical industries. A great number of these compounds have been found to possess 

pharmaceutical activity, while others have been found to be useful pesticides. There is alsp 

interest from the polymer industry in polymers prepared by the Jinldng together of aromatic 

1 S ring compounds. 

Conventional methods for covalently linking aromatic,: rings, such as by reacti.On of an 

appropriate Grignard reagent, involve harsh conditions and are not suitable for aromatic.rings 

with active hydrogen containing substituents. Substituents with active hydrogen atoms also 

20 can become involved in unwanted side reactions leading to .undesirable products. Such 

substituents need to be protected prior to reaction. Borouic acid derivatives required for the 

Suzuki reaction are traditionally synthesized through highly reactive organometallic 

intermediates. 

25 In view of the severity of the reaction conditions the range of substituents which could be 

present during the formation of the boronic acid derivatives was considerably limited, and the 

range of useful reaction media (solvents) was restricted. 

It has now been found that. aryl . and alkene borates can be synthesised . from particular 

30 sµbstituted olefi.nic or aromatic ring compounds under mild conditions and in the presence of 

a range of substitoents. This process overcomes or at least alleviates one or more of the 
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limitations encountered in the use of the conventional hydroboration methodology and is 

fundamentally different, in the case of the preparation of alkene borates, in that the starting 

material is an alkene and not an alkyne. 

S Accordingly the invention provides a process for the synthesis of an aryl or alkene borate 

which comprises reacting: 

10 

(i) an olefinic compound having a halogen or halogen-like substituent in a vinylic 

substitution position, or 

(ii) an aromatic ring compound having a halogen or halogen-like substituent in a ring 

substitution position, said aromatic ring compound also having at least one substituent 

which is reactive with organometallic compounds, 

1 S with a disubstituted monohydroborane. in the presence of a Group 8-11 metal catalyst and a .. 

suitable base, such that a borane residue is introduced at the substitution position. 

20 

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

reaction". 

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

bydrogen substituents and one hydrogen substituent. 

The term "borane residue" refers to a disubstituted monohydroborane moiety after breakage 

25 of the B-H bond. An example of a borane residue is the moiety (R0)2B- where R is as 
defined below. 

This process is fundamentally different from the conventional hydroboration processes in that 

substitution occurs rather than addition. Accordingly a completely different mechanism is 

30 involved. 
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According to conventional hydroboration processes, alkyl 3 and alkeneboronic esters 5 are 

prepared from the corresponding alkenes 2 and alk:ynes 4 as shown below with pinacol 

borane: 

+ 

1 2 3 

11 X°"s-H + X°"s_rR 
o/ o/ 

1 4 s 

These reactions formally add one ,hydrogen and a boronic acid ester across the respective 

substrates. No base is required and although the reactions may be catalysed by transition 

metal species these are not essential. With monoalkyl alkynes the reactions yield the (E)­

pinacol (1-alkenyl)boronates 5 as the major stereoisomer. The other two isomers Sa and Sb 

20 are difficult to obtain using this methodology. 

25 5a 

However the present invention provides a convenient route to these difficult to obtain isomers. 

Instead of addition across a double bond as described above the present invention results in 

the replacement of a halide or halogen-like substituent in the vinylic position with a borane 

30 residue. Accordingly the location of the borane residue in the product is governed by the 

location of the halide. 
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Aromatic compounds do not hydroboronate with the use of the reagent 1. 

· The process according to the present invention ·a1so provides advantages. over other processes 

for activating carbon atoms towards coupling reactions~ According. to the present process it 

5 is possible to synthesise a wide range of substituted aryl and a1kene borates, without the need 

for the prior protection of a wide variety of functional groups, including active hydrogen 

functionalities. 

It is possible to generate the disubstituted monohydroborane in situ by reaction of a borane 

1 O with an appropriate alcohol or amine. In a particularly preferred embodiment the borane ester 

so prepared can be used without isolation in the boronation reaction. This process can be 

used to generate esteis, as well as ester/amides or diamides. This process surprisingly allows 

the generation and reaction of disubstituted monohydrobotanes which cannot be isQlated in 

their pure form or which readily disproportionate. Some amine species may give adducts of 

15 borane that are not sufficiently reactive to give the desired ~ elimination and these reactions 

may require more vigorous conditions. 

Preferably the borane used to generate the disubstituted monohydroborane is a 

polyhydroborane. Examples of polyhydroboranes which may be useful according to this 

20 aspect of the invention include sulphide and ether adducts of BH3 ~ Examples of such 

adducts include dialkylsulphide adducts, such as BH3:S(CH3) 2, ether adducts, such as 

BH,:THF, and cyclic sulphide adducts such as BH3:1,4-oxathiane. Preferably the adduct 

is BH3:S(C~)2• 

25 As mentioned above the aryl and a1kene borates so produced may be coupled to other organic 

compounds having a halogen or halogen-like substituent by reacting the borate with the 

organic compound in the prese~ of a Group 8-11 metal catalyst and a suitable base. 

Accordingly the invention provides a process· for covalently coupling organic compounds 

30 which comprises: 
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(A) preparing an aryl or alkene borate by reacting 

(i) an olefinic compound having. a halogen or halogen-like sµbstituent in a vinylic 

coupling position, or 

(ii) an aromatic ring compound having a halogen or halogen-like substituent m a 

ring coupling position, said aromatic ring compound also having at least one 

substituent which is reactive with organometallic compounds, 

10 with a disubstim.ted m.onohydroborane, in the presence of a Group 8-11 metal catalyst and a 

suitable base, such that borane residue is introduced at said coupling position; and 

· · (B) · reacting the aryl or alkene borate with an organic compound having a halogen or 

halogen-like substituent at a coupling P9Sition: in the preseµce of a Group 8-11 metal 

1 S. ; catalyst and a suitable base, whereby:'. the o~finic or aromatic ring compound is 

·• coupled to the organic compound via a direct .bond between the respective coupling 

positions. 

This process allows for the preparation of symmetrical and asymmetrical products by selection 

20 of appropriate reactants. 

It is especially convenient to conduct this pn>eess in a single pot without isolating the aryl or 

alkene borate, however it has been found that the presence of unreacted disubstituted 

monohydroborane can interfere with the coupling step, resulting in the formation of unwanted 

25 by-products. 

Accordingly, after preparation of the aryl or alkene borate, excess disubstituted 

monohydroborane may be decomposed by adding a suitable proton donor compound such as 

water, alcohols, acids or mixtures thereof. The ease with which the excess disubstituted 

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

asymmetrically coupled products by the 'one pot' method. In particular, the formation of 
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asymmetrically coupled compounds, to the exclusion of symmetrically coupled compou:iids, 

requires that there is no excess disubstituted monohydroborane present in the reaction solution 

when organic compound having a halogen or halop-like substituent in a coupling position 

is added to the preformed boronic acid ester. 

In the case of oletinic and aroinatic ring compounds having halogen or halogen substituents 

in vinylic or ring coupling positions respectively it is possible to prepare symmetrical products 

hi a number of ways. 

l 0 In one embodiment the disubstituted monoborane is contacted with two equivalents of olefinic 

or aromatic ring compound to form an aryl or alkene borate, which borate reacts with the 

rc:maining halogenated compound to form the coupled product. According to this embodiment 

the covalent coupling comprises a covalent bond between the respective coupling positions 

of two molecules of the halogenated compolind. A second base may be added and/or the 

15 reaction mixture may be heated after the formation of the aryl or alkene borate to catalyse or 

promote the coupling reaction. Alternatively oxidative coupling may be used, such as 

described in Katharine H. Smith, Eva M. Campi, W Roy Jackson, Sebastian Marcuccio, 

Charlotta 0. M. Naeslund and Glen B. Deacon Synlett Jan 1997, 131-132. 

20 The symmetrical product may also be prepared by first preparing the aryl or a1kene borate and 

then adding further halogenated compound to the reaction medium. As with the previous 

method it may be necessary to add base and/or heat to the reaction to promote the coupling 

reaction. If, instead of adding the_ same halogenated compound to the reaction medium, a 

different halogenated compound is added. then unsymmetrical products can be obtained. 

25 Destruction of the excess monohydrobo:i'a.ne before addition of the organic compound is 

advantageous. Adding a second solvent in which the base is soluble is also of advantage when 

the base is not soluble in the solvent iJsed for the borate synthesis. 

The terms "olefinic" and "olefinic compound•i· as used herein refer to any organic compound 

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

aromatic system. The olefinic compounds may be selected from optionally substituted straight 
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chain, branched or cyclic alkenes; and molecules, monomers and macromolecules such as 

polymers and dendrimers, which include at least one carbon to carbon double bond. 

Examples of suitable olefinic .comp~unds include but are not limited to. ethylene, propylene, 

but-1-ene, but-2-ene, pent-1-ene, pent-2-ene, cyclopentene, l-methylpent-2-ene, hex-1-ene, 

S hex-2-ene, hex-3-ene, cyclohexene, hept-1-ene, hept-2-ene, hept-3-ene, oct-1-ene, oct-2-ene, 

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

cyclopenta-1,4-diene, hex-l ,diene, . cyclohexa-1,3-diene, cyclohexa-1,4-diene, cyclohepta-

1,3,5-triene and cycloocta-1,3,5,7-tetraene, each of which may be optionally substituted. 

Preferably the straight chain branclled or cyclic alkene contains between 2 and 20 carbon 

10 atoms. The olefinic compounds may.be «,P-unsaturated carbonyl compounds, or conjugated 

· dienes. The term "coltjugated clienes" as used herein refers to any compound capable of 

acting as a diene·in a Diels-Alder reaction. 

l 

where R1
, R2 and R3 are each independently selected from hydrogen, alkyl, alkenyl, 

20 alkynyl, aryl, heteroaryl, acyl, arylalkyl and heteroarylalkyl (each of which may be 

optionally substituted), cyano, isocyano, fonnyl, carboxyl, nitro, halo, alkoxy, alkenoxy, 

aryloxy, benzyloxy, haloalkoxy, baloalkenyloxy, haloaryloxy, nitroalkyl, nitroalkenyl, 

nitroalkynyl, arylamino, diarylamino, dibenzyJ.amiilo, alkenylacyl, alk.ynylacyl, arylacyl, 

acylamino, diacylamino, acyloxy, alkylsulphonyloxy. arylsulphenyloxy, heterocycloxy, 

25 arylsulphenyl, carboalkoxy, carboaryloxy, alkylthio, benzylthio, acylthio, sulphonamide, 

sulfanyl, sulfa, carboxy (including carbpxylato), carbamoyl, carboxim.idyl, sulfinyl, 

sulfinimidyl, sulfinohydroximyl, sulfonimidyl, sulfoncliimidyl, sulfonohydroximyl, 

sulfamyl, phosphorous containing groups (including phosphinyl, phosphinimidyl, 

phosphonyl, dihydroxyphosphanyl, hydroxyphosphanyl, phosphone (including 

30 phosphonato) and hydrohydroxyphosphoryl), alkoxysilyl, silyl, alkylsilyl, 

alkylalkoxysilyl, phenoxysilyl, alk:ylphenoxysilyl, alkoxyphenoxy silyl and arylphenoxy 
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silyl. 

The t.erm "aromatic ring compound(s)" as used herein refers to any compound which includes 

or consists of one or more aromatic or pseudoaromatic rings. The rings may be carbocyclic 

5 or heterocyclic, and may be mono or polycyclic ring systems. Examples of suitable rings 

include but are not limited to benzene, biphenyl, terphenyl, quaterphenyl, naphthalene, 

tetrahydronaphthalene, l-benzylnaphtbalene, antbracene, dihydroantbracene, benzanthracene, 

dibenzantbracene, phenanthracene, perylene, pyridine, 4-phenylpyridine, 3-phenylpyridine, 

tbiophene, benzothiophene, naphthothiophene, tbianthrene, furan, pyrene, isobenzofuram, 

10 cbromene, xanthene, phenoxathiin, pyrrole, imidazole, pyrazole, pyrazine, pyrimidine, 

pyridazine, indole, indolizine, isoindole, purine, quinoline, isoquinoline, phthalazine, 

quinoxaline, quinazoline, pteridine, carbazole, carboline, phenanthridine, acridine, 

phemmthroline, phenazine, isothiazole, isooxazole, phenoxazine and the like, each of which 

may be optionally substituted. The term "aromatic ring compound(s)" includes molecules, 

15 and macromolecules, such as polymers, copolymers and dendrimers which include or consist 

of one or more aromatic or pseudoaromatic rings. The tenn "pseudoaromatic" refers to a ring 

system which is not strictly aromatic, but which is stablized by means of delocalization of n 

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. 

20 

As used herein the term .. organic compound· having a halogen or halogen-like substituent at 

a coupling position" refers to any organic compound having a carbon to halogen or carbon 

to halogen-like substituent bond at a position where coupling to the olefinic or aromatic 

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

25 aromatic, polymeric or dendritic. The organic CO:nipound may be an olefinic compound as 

defined above or part of such an olefmic compound. The organic compound may have one 

or more, preferably between 1 and 6, halogen or halogen-like substituents at coupling 

positions. 

30 The term "coupling position II as used herein refers to a position on aii organic compound at 
which coupling to another organic compound is desired. A coupling position on a carbon 
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atom which is part of an olefinic carbon to carbon bond is also referred to as a "vinylic 

coupling position 11
• Each olefinic compound or organic compound may have one or more, 

preferably between 1 and 6, coupling positi()DS. 

5 The ·term "substitution position 11 .as used herein refers to a position on an olefinic or aromatic 

ring compound. at which substitution with. a borane residue is desired. Each organic 

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

aromatic compound it is preferred that the substitution position is directly on the ring and with 

an olefinic·compound it is preferred that the substitution position is at a vinylic position. If 

10 the organic compound is a polymer or a dendrimer it may have many substitution positions. 

15 

As used herein, the term "leaving group" refers to a chemical group which is capable of being 

displaced by a boronic acid residue. Suitable leaving groups are apparent to those skilled in 

the art and include halogen and halogen-like substituents, as well as ester groups. 

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

substituted with one or more groups selected from alkyl, alkenyl, alkynyl. aryl, halo. 

haloalkyl, haloalkenyl, haloalkynyl, haloaryl, hydroxy, alkoxy, alkenyloxy, aryloxy, 

benzyloxy, haloalkoxy, haloalkenyloxy, haloaryloxy, isocyano, cyano, formyl, carboxyl, 

20 nitro, nitroalkyl, nitroalkenyl, nitroalkynyl, nitroaryl, nitroheterocyclyl, amino, alkylamino, 

dialkylamino, alkenylamino, alkynylamino, arylamino, diarylamino, benzylamino, imino, 

alkylimine, alkenylimine, alkynylimino, arylimino, benzylimino, dibenzylamino, acyl, 

alkenylacyl, alkynylacyl, arylacyl, acylamino, diacylamino, acyloxy, alkylsulphonyloxy, 

arylsulphenyloxy, heterocyclyl, heterocycloxy, heterocyclamino, haloheterocyclyl, 

25 alkylsulphenyl, arylsulphenyl, carboalkoxy, carboaryloxy mercapto, alkylthio, benzylthio, 

acylthio, sulphonamido, sulfanyl, sulfo and phosphorus-containing groups, alkoxysilyl. silyl, 

. alkylsilyl, alkylalkoxysilyl, phenoxysilyl, alkylphenoxysilyl, alkoxyphenoxy silyl and 

arylphenoxy silyl. 

30 The olefinic compound (i) must include at l~t one halogen or halogen-like substituent at a 

vinylic coupling . position to enable reaction with the disubstituted monohydroborane. 
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Similarly the organic compound must have at least one halogen or halogen-like substituent at 

a coupling positi<>n to enable reaction with the alkene borate mtennediate. Preferred halogen 

substituents include I, Br and Cl. The reactivity of chloro substitute(l compounds can be 

increased by selection of appropriate ligands on the Group 8-11 metal catalyst. The terms 

S "halogen-like substituent" and "pseudo-halide" refer to any substituent which, if present, may 

undergo substitution with a disubstituted monohydroboran.e in the presence of a Group 8-11 

metal catalyst and base to give an aryl or alkene borate, or if present on an organic compound 

may undergo substitution with an aryl or alkeD.e borate to give a coupled product. Examples 

of halogen-like substltuents include triflates and mesylates, diazonium salts, phosphates and 

10 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 the formation of aryl 

and alkene borates from aromatic or olefinic compounds containing substituents _which are 

15 reactive with organometallic compounds, such as Orignard reagents or alkyl lithiums, and 

therefore unsuitable in reactions using standard Grignard methodology or metal -alkyl unless 

these substituents are first protected. One such class of reactive substituents are the active 

hydrogen containing substituents. The term "active hydrogen containing substituent" as used 

herein refers to a substituent which contains a reactive hydrogen atom. Examples of such 

20 substituents include but are not limited to hydroxy, amino, imino, acetyleno, carboxy 

(including carboxylato), carbamoyl, carboximidyl, sulfo, sulfinyl, sulfinimidyl, 

sultinohydroximyl, sulfonimidyl, sulfondiimidyl. sulfonohydroximyl, sultamyl, phosphinyl, 

phosphinimidyl, phosphonyl, dihydroxyphosphanyl, hydroxyphosphanyl, phosphono 

(including phosphonato), hydrohydroxyphosphoryl, allophanyl, guanidino, hydantoyl, ureido, 

25 and ureylene. Of these substituents it is particularly surprising that the reaction can be 

conducted with hydroxy and amino substituents. Additional disubstituted monohydroboranes 

may be required for those compounds containing substituents with· active hydrogens. An 

additional advantage of the process of this invention is its ability to solubilise stllrting material 

in situ. 

30 

While the present invention allows the reaction of colllpounds with active hydrogen containing 
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substituents without prior protection, it is also possible,. and sometimes advantageous, to do 

so. The use of protecting groups can reduce the. amount of <Usubstituted monohydroborane 

required to perform the boronation reaction. Examples of suitable hydroxy protecting groups 

are descnoed in Protective Group in Org Synthesis,·T.w •... Green & P Wuts J Wiley & Son· 

5 2nd Edition 1991. In a particularly .preferred embodiment the active hydrogen compound is 

reacted with a borane compound, such as one of the polyhydroboranes described above, for 

example with a phenolic compound having halogen or halogen-like substituelit. The triester 

of the phenol can be formed using a borane compound, such as borane methylsulphide adduct, 

which ester can be used as the reactant in a subsequent boronation reaction. If the pinacol or 

10 other ester of the arylboronic acid species is not sought in the.first instance (these can be made 

by subsequent esterification/transesterification) the diester of the borane with the phenol can 

be made and then used as the boronation reagent. As an alternative, a borate ester can be 

partially or completely transesteritied with, for example, a phenolic aryl halide and this 

. species can be used as a rea~ in. the subsequent boronation reaction. Boric acid can also 

IS be used to remove the active hydrogen by formation of the triester, with for example, an aryl 

halide containing an hydroxy (phenolic) :group ... 

This concept can be extended to other reactants containing ~ctive hydrogen substituents, 

although it should be noted that borane _reactants generally do not react with the active 

20 hydrogen groups.ofprimary or secondary amides. 

One method for preparing olefinic compounds having a halogen-like substituent in a vinylic 

. substitution position is by the conversion of a carbonyl group with a fl-hydrogen into a 

trapped enol form, this enol being useful in the process of the present invention. This is 

25 achieved by trapping the enol with a mesylate or triflate group or the like. This enol is then 

reacted . with the disubstituted monohydroborane in the presence of a Group 8-11 metal 

catalyst and a suitable base to form the vinylic boronate. 

It has also been unexpectedly found that the induction time required for the reaction of the 

30 olefinic or aroma.tic ring compound with the disubstituted monohydroborane can be 

substantially reduced by the addition of a promoter. 
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Accordingly in a further aspect of the present invention there is provided a process for the 

synthesis of an aryl or alkene borate which comprises reacting: 

(i} an olefmic compound having a halogen or halogen-like substituent in a vinylic 

5 substitution position, or 

(ii) an aromatic ring compound having a halogen or halogen-like substituent in a ring 

substitution position, 

10 with a disubstituted monohydroborane. in the presence of a Group 8-11 metal· catalyst, a 

suitable base and a promoter such that a borane residue is introduced at the substitution 

position. 

The promoter may be any suitable compound or reagent which is. capable of increasing the 

15 rate of reaction between an olefinic or aromatic ring compound and a disubstituted 

monohydroborane in the presence of a Group 8-11 metal catalyst and a suitable base. The 

promoter may be an amide. Examples of suitable amide promoters include p-iodoacetanilide, 

acetanilide, acetamide and N-methylacetamide. 

20 The use of a promoter is particularly advantageous in the reaction of aromatic ring compounds 

having electron withdrawing groups. or in the reaction of olefinic compounds. 

It has also been found that the catalyst activity can be increased; prior to its use in the reaction, 

by treatment with a suitable base or mixture of bases. Organic amines are suitable bases for this 

25 treatment. Besides the enhancement of the reaction rate this catalyst treatment has the further 

advantage that side product formation is reduced. In particular, this catalyst treatment reduces 

the extent of substrate dehalogenation, increases the yield of the required organic boronic acid 

derivative and reduces the amount of the arylboronic acid derivative in which the aryl group is 

derived from a ligand on the catalyst. 

30 

It is of advantage to carry out the activation of the catalyst with base(s) before the contacting of 
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the disubstituted monohydroborane with the catalyst. This activation may be achieved by 

heating the catalyst with base(s). _ The base may be the 8mine used to promote the boronation 

reaction. The temperature and reaction time required for activation wi_Il vmy with catalyst 

composition, the nature of the base ~d also the solvent The catalyst should be treated to such 

5 an extent that there is little or no induction time in the subsequent boronation reaction. For 

some catalysts there is a colour change as activation occurs. The activated catalyst may be -

stored for subsequent use in the boronation reaction or can be used immediately following 

activation, without isolation from the base with which it is heated. 

1 O According to this aspect .of the invention there is provided a process for the_ synthesis of an 

_ aryl or alkene borate which comprises reacting 

IS 

(i) an olefinic compound having a halogen -or halogen-like substituent in a vinylic 

substitution position, or 

(ii) an aro.matic ring compound having a halogen or halogen-like substituent in a ring_ 

substitution position, 

with a disubstituted monohydroborane, in the presence of a Group 8-11 metal catalyst and a 

20. suit.able base such that a borane residue is introduced at the substitution position, 

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

to contacting of the disubstituted monohydroborane with the catalyst. 

25- In the above definitions. the term 11alkyl11
, used either alone or in compound words such as 

11alkenyloxyalkyl", 11alkylthio", "alkylaminp" and "dialkylamino'' denotes straight chain, 

_branched or cyclic alkyl, preferably Cl-20 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-dimeth.yl-propyl, hexyl. 4-

30 methylpentyl, 1-methylpentyl, 2-methylpentyl, 3-methylpentyl. 1,1-dimethylbutyl, 2,2-

dimethylbutyl, . 3,3-dimethylbutyl, 1,2-dimethylbutyl, 1,3-dimethylbutyl, 1,2,2,-
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trimethylpropyl, 1,1,2-trimethylpropyl, heptyl, 5-metboxyhexyl, 1-methylhexyl, 2,2-

dimethylpentyl, 3,3-dimethylpentyl, 4,4-dimethylpentyl, 1,2-dimethylpentyl, 1,3-

dimethylpentyl, 1,4-dimethyl-pentyl, 1,2,3 ,-trimethylbutyl, l, 1,2-~ethylbutyl, 1, 1,3-

trimethylbutyl, octyl, 6-methylheptyl, 1-methylheptyl, 1,1,3,3-tetramethylbutyl, nonyl, 1-, 

S 2-, 3-, 4-, 5-, 6- or 7-methyl-octyl, 1-, 2-, 3-, 4- or 5-ethylheptyl, 1-, 2- or 3-propyJhexyl, 

decyl, 1-, 2-, 3-, 4-, 5-, 6-, 7- and 8-methylnonyl, 1-, 2-, 3-, 4-, S- 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-

10 ethyldecyl, 1-, 2-, 3-, 4-, 5- or 6-propylnonyl, 1-, 2-, 3- or 4-butyloctyl, 1-2-pentyJheptyl and 

the like. Examples of cyclic alkyl include mono- or polycyclic alkyl groups such as 

cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, cyclononyl, 

cyclodecyl and the like. 

15 The term "alk.oxy11 denotes straight chain or branched alkoxy, preferably Ct-20 alkoxy. · 

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

isomers. 

The term "alkenyl" denotes groups formed from straight chain, branched or cyclic alkenes 

20 including ethylenically mono-, di- or poly-unsaturated alkyl or cycloalkyl groups as 

previously defined, preferably C2-20 alkenyl. Examples of alkenyl include vinyl, allyl, 1-

methylvinyl, butenyl, iso-butenyl, 3-methyl-2-butenyl, l'-pentenyl, cyclopentenyl, 1-methyl­

cyclopentenyl, 1-hexenyl, 3-hexenyl, cyclohexenyl, 1-heptenyl, 3-heptenyl, l-octenyl, 

cyclooctenyl, 1-nonenyl, 2-nonenyl, 3-nonenyl, 1-decenyl, 3-decenyl, 1,3-butadienyl, 1-

25 4,pentadienyl, 1,3-cyclopentadienyl, 1,3-hexadienyl, 1,4-hexadienyl, 1,3-cyclohexadienyl, 

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

cyclooctatetraenyl. 

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

30 including those structurally similar to the alkyl and cycloalk:yl groups as previously defined, 

preferably c2_20 alkynyl. Examples of alkynyl include ethynyl, 2-propynyl and 2- or 3~ 
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butynyl. 

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

"acylamino" ·or "diacylaminon denotes carbamoyl, aliphatic acyl group and acyl group 

S containing an aromatic ring, which is referred to as aromatic acyl or a heterocyclic ring which 

is referred to as heterocyclic acyl; preferably Cl-20 acyl. Examples of acyl include 

carbamoyl; straight chain or branched alkanoyl such as formyl~ acetyl,. propanoyl, butanoyl, 

2-methyJpropanoyl, pentanoyl, 2,2-dimethylpropanoyl, hexanoyl, heptanoyl, octanoyl, 

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

1 O hexadecanoyl, heptadecanoyl, octadecanoyl, nonadecanoyl and icosanoyl; alkoxycarbonyl 

such as methoxycarbonyl, ethoxycarbonyl, t-buto"ycarbonyl, t-pentyloxycarbonyl and 

heptyloxycarbonyl; cycloalkylcarbonyl such as cyclopropylcarbonyl, cyclobutylcarbonyl, 

cyclopentylcarbonyl and cyclohexylcarbonyl; alkylsuJfonyl such a8 methylsulfonyl and 

ethylsulfonyl; aJkoxysulfonyl such as methoxysuJfonyl and ethoxysulfonyl; aroyl such as 

15 benzoyJ, .toluoyl and naphthoyl; ·aralkanoyl such as phenylalkanoyl (e.g. phenylacetyl, 

· · phenylpropanoyl, phenylbutanoyl; phenylisobutylyl, phenylpentanoyl and phenylhexanoyl) 

and. naphthylalkanoyl {e.g. napbthylacetyl, naphthylpropanoyl and naphthylbutanoyl; 

aralkenoyl such as phenylalkenoyJ {e.g. phenylpropenoyl, phenylbutenoyl, 

phenyhnethacryloyl, phenylpentenoyl and phenylhexenoyl and naphthylallcenoyl (e.g. 

20 naphthylpropenoyl, naphthylbutenoyl and naphthylpentenoyl); aralkoxycarbonyl such as 

phenylalkoxycarbonyl (e.g. benzyloxycarbonyl); aryloxycarbonyl such as phenoxycarbonyl 

and napthyloxycarbonyl; aryloxyalkanoyl such as phenoxyacetyl and phenoxypropionyl; 

arylcarbamoyl such as phenylcarbamoyl; arylthiocarbamoyl such as phenylthiocarbamoyl; 

arylglyoxyloyl such as phenylglyoxyloyl and naphthylglyoxyloyl; arylsulfonyl such as 

25 phenylsulfonyl and napthylsulfonyl; heterocycliccarbonyl; heterocyclicalkanoyl such as 

tbienylacetyl, thienylpropanoyl, . thienylbutanoyl, thienylpentanoyl, thienylhexanoyl, 

thiazolylacetyl, thiadiazolylacetyl and tetrazolylacetyl; heterocyclicalkenoyl such as 

heterocyclicpropenoyl, heterocyclicbutenoyJ, heterocyclicpentenoyl and heterocyclichexenoyl; 

and heterocyclicglyoxyloyl such as thiazolylglyoxyloyl and thienylglyoxyloyl. 

30 

The terms 11heterocyclicn, "heterocyclyl" and "heterocycl" as used herein on their own or as 
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part of a term such as "heterocyclicalkenoyl", heterocycloxy" or "haloheterocyclyl 11 refer to 

aromatic, pseudo-aromatic and non-aromatic rings or ring systems which contain one or more 

heteroatoms selected from N, S, and 0 and which may be optionally substituted. Preferably 

the rings or ring systems have 3 to 20 carbon atoms. The rings or ring systems may be 

5 selected from those described above in relation to the definition of "aromatic ring 

compound(s)11
• 

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

"aryloxycarbonyl" refers to aromatic and pseudo-aromatic rings or ring systems composed 

10 of carbon atoms, optionally together with one or more heteroatoms. Preferably the rings or 

ring systems have between 3 and 20 carbon atoms. The rings or ring systems may be 

optionally substituted and may be selected from those described above in relation to the 

definition of "aromatic ring compound(s)". 

15 Examples of suitable monohydroboranes inciude those of the formula (RX)2B-H where each 

X is independently selected from 0, S and NR" where R" is H, an optionally subsdtuted alkyl 

or optionally substituted aryl and each R is independently selected from optionally silbstituted 

alkyl ·and optionally substituted aryl or where -B(XR)2 represents a cyclic group of formula 

n 
20 

II 

where R' is optionally substituted alkylene, arylene or other divalent group comprising linked 

25 aliphatic or aromatic moieties· and x· is as defined above; Preferred disubstituted 

monohydroboranes are dialkoxy hydroborimes including 4,4-dimethyl-1,3,2-dioxaborinane, 

4,4,6-trimethyl-l,3,2-dioxaborinane, 4,4,6,6-tetramethyl-l,3~2-dioxaborinane, 4,4-dimethyl­

l,3,2-dioxaborolane, 4,4,S-trimethyl-l,3 ,2-dioxaborolane, 4,4,S ,S-tetramethyl-1,3,2-

dioxaborolane, 4-phenyl-1,3 ,2-dioxaborlliane, n-propanediolborane (1,3 ,2-dioxaborinane), 

30 5,5-dimethyl-1,3,2-dioxaborinane, (4R,SR)-4,S-bis(1-methoxy-1-methylethyl)-l,3,2-

dioxaborolane, ( 4S,SS)-4,5-bis(l-methoxy-l-methylethyl)-l,3,2-dioxaborolane, dinaphtho[2,1-
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d:l,21J[1,3,2]dioxaborepine, (4R,5R}-3,4-dimethyl-~-phenyl-l,3,2-oxazaborolidine, 

(4S,SS)-3,4-dimethyl-5-phenyl-l,3,2-oxa7.aborolidine, (4R,SR)-3~isopropyl-4-methyl-S-phenyl­

l,3;2-oxazaborolidine and ( 4S;SS)-3-isopropyl-4-methyl-5-phenyl'.'.' 1,3,2-oxuaborolidine. Some 

preferred disubstituted·nionphydroboranes which are novel and represeirt a :further aspect of the 

S invention are (4R,5R)-4,5-dimethyl-l,3,2-dioxaborolane, (48,SS)-4,5-dimethyl-l,3,2-

dioxaborolane, ( 4R,SR)-4,5-diphenyl-l,3,2-dioxaborolane, (48,SS)-4,5-diphenyl-.l,3,2-

dioxaborolane, ( 4S)-4-(methoxymethyl)-l,3,2-dioxaborolane, ( 4R)-4-(methoxymethyl)-l,3,2-

dioxaborolane, . .. tetrahydro-3aH-cyclopenta[dj[l,3,2]dioxaborole, 3-methyl-1,3,2-

oxazaborolidine,. (6R)-4,4,6-trimethyl-l,3,2-dioxaborinane, (68)-4,4,6-trimethyl-l,3,2-

10 dioxaborinane, hexahydro-1,3,2-benzodioxaborole, ( 4R,SR)-4,5-bis(methoxymethyl)-l,3,2-

dioxaborolane,( 4S,SS)-4,5-bis(methoxymethyl}-1,3,2-dioxaborolane,( 4R,5R)-4,5-dicyclohexyl­

·· 1,3,2-dioxaboroJane, ( 48,SS)-4,5-dicyclohexyl-l,3,2-dioxaborolane, (SR}-4,4-dimethyl-S­

phenyl-1,3,2-dioxaborolane, (SS)-4,4-dimethyl-5'.'.'phenyl-1,3,2-dioxaborolane, ( 4R)-4-phenyl­

l,3-dioxa-2-boraspiro[ 4.4]nonane, (4S)-4-phenyl-l,3-dioxa-2-boraspiro[4.4]nonane, (48,58)-

15. 4,S-bis(l-methoxycyclopentyl)-1,3,2-dioxaborolane, (4R,SR)-4,5-bis(l-methoxycyclopentyl)-

1,3,~-dioxaborolan,e, diisopropyl. ( 4S,5S)-l,3,2-dioxaborolane-4,5-dicarboxylate, diisopropyl 

(4R,5R)-l,3,2-dioxaborolan~4,S-dicarboxylate,(1R,2S,6S,7S)~l,10,10-trimethyl-6-phenyl-3,S­

. dioxa-4-bomtricyclo[ S.2. I .OZ6]decane, (1S,2R.,6R, 7 R)-1,1 O, l O-trimethyl-6-phenrl-3,5-dioxa.-4-

boratricyclo[ S.2.1.02·6]decane, (3aR)-3a-methyl-3,3-di(2-naphthyl)tetrahydro-3H-pyrrolo[l ,2-

20 c ][1,3 ,2]oxazaborole, (3aS)-3a-methyl.:.3,3-di(2-naphthyl)tetrahydro-3H-pyrrolo[l ,2-

c][l,3,2]oxazaborole, (3aR)-3,3-di(2-naphthyl)tetrahydro-3H-pyrrolo[l,2-c] [1,3,2]oxazaborole 

(3aS)-3,3-di(2-naphthyl)tetrahydro-3H-pyrrolo(l,2-c][l,3,2]oxazaborole, (4S,5S)-4,5-bis[(4R)-

2,2-dimethyl-l,3-dioxolan-4-yl]-l,3,2-dioxaborolane, ( 4R,SR)-4,5-bis[( 4S)-2,2-dimethyl-1,3-

clioxolan-4-yl]-1,3,2-dioxaborolane,(2R)-2-{ ( 4S,5S)-5-[(2R)-1,4-dioxaspj.ro[ 4.S]dec-2-yl]-1,3,2-

25 dioxaborolan-4-yl}-1,4-dioxaspiro[ 4.5]clecane,(2S)-2-{ (4R,SR}-5-[(2S)-l,4-dioxaspiro[4.S)dec-

2-yl]-1,3,2-dioxaborolan-4-yl}-1,4-dioxaspiro[4.5]decane, ( 4S,5S)-N4,N4,N5 ,N5-tetramethyl­

l,3,2-dioxaboro1ane-4,5-dicarboxamide, (4R,5R)-N4 ,N4 JI' .N5•tetramethyJ-l,3,2-dioxaborolane-

4,5-dicarboxamide, (1R,2R,6S,8R}-2,9,9 .. trimethyl-3,S-dioxa-4-boratricyclo[6. l .1.02.6]decane 

and (1 S,2S,6R,8S)-2,9,9-trimethyl'.'.'3,5-dioxa-4-boratricyclo[6.1.l .a2-6]decane. 

30 
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Some of the hydroborane 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 hydroborane derivative used may facilitate control over the reaction products 

formed. The dioxyhydroborane derivatives may be made following the method of Tucker, 

5 C. E. et al, J. Org Chem, 1992, 51,, 3482~3485, Contreras, R. et al, Spectrochimica Acta 

1984 ~ 855 or Bello-Ramfrez, M.A., Rodrfguez Martinez, M.E., and Flores-Parra, A., 

Heteroatom Chem., 1993, ~ 613. Other methods for the preparation of the hydroborane 

derivatives will be known to those in the art. 

1 O The present invention also provides a route to some chiral compounds. Chiral aryl and alkene 

borates may be prepared using chiral disubstituted monohydroboranes. If the chiral 

moliohydroborane has an enantiomeric excess of one enantiomer over another, this can 

produce chiral aryl and alkene borates having· a corresponding enantiomeric excess.. The 

chirality of an aryl or alkene borate may also be transferred to a coupled product. Chiral 

15 products may also be achieved using chiral catalysts. 

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

metal of Groups 8-11 of the periodic table descn"bed in Chemical and Engineering News, 

63(5), 27, 1985. Examples of such metals include Ni, Pt and Pd. Preferably the catalyst 

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

be used. 

Examples of suitable palladium catalysts include but are not limited· to P~(dba)3, PdCJ.i, 

Pd(OAch, PdClz(dppf)ClliClz, Pd~)4 and related catalysts which are complexes of · 

25 phosphine ligands, (such as <PhiP(CH.J0PPbJ where n is 2 to 5, P(o-tolyl)3, P(i-Pr),, 

P(cyclohexyl)3, P(o-Me0Ph)3, P(p-Me0Ph)3, dppp, dppb, TDMPP, TTMPP, TMPP, 

TMSPP, 2-(di-t-butylphosphino)biphenyl, (R,R)-Me-DUPHOS, {S,S)-Me-DUPHOS, (R)­

BINAP, (S)-BINAP, and related water soluble phosphines). related ligands (such as 

triarylarsine, triarylantimony, triarylbismuth), phosphite ligands (such as P(0Et)3, P(O-p-

30 tolyl)3, P(O-o-tolyl)3, P(O-iPr)3, tris(2,4-di-t-butylphenyl)phosphite and other examples 

descnbed in the STREM Catalogue No. 18 (Chemicals for Research: metals, inorganics 

and organometallics 1999-2001)) and other suitable ligands including those containing P 
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and/or N atoms for co-ordinating to the pall~ 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 C:ither in the 

presence or absence of ligands. The palladium catalysts include palladium and palladium 

5 complexes supported_ or tethered on solid supports, such as palladium on carbon, as well 

as palladium black, pallidium clusters and palladi'ilm clusters containing other metals and 

palladium in porous glass as described in J. Li, A. w:..H. Mau and C.R. Strauss, Chemical 

C0mmunications, 1997, p1275. The same or different Group 8-11 metal catalysts may be 

used to catalyse different steps in the process. It can be an advantage to select a catalyst 

10 with ligands that cannot exchange aryl groups with the aromatic ring compound or that 

minimise this exchange. 

The Group 8-11 metal catalyst may be a platinum complex. Examples of suitable platinum 

catalysts include but are not limited to Pt(dbah, Pt(P~hC!i, PtC!i, Pt(QAch, 

15 PtC!i(dppt)CH,.~. Pt(P~)4 and related catalysts which are complexes of phosphine 

ligands, (such as {PhzP(CHJ~PPhJ where n is 2 to S, P(o-tolyl)3, P(i-Pr),, P(cyclohexyl)3, 

P(o-Me0Ph)3, P(p-Me0Ph)3, dppp, dppb, TDMPP, TTMPP, TMPP, TMSPP, 2-(di-t­

butylphosphino)biphenyl; {R,R)-Me-DUPHOS, (S,S)-Me-DUPH()S, {R)-BINAP, (S)­

BINAP and related water soluble phosphintlS), related ligands (such as triarylarsine, 

20 triarylantimony, triarylbismuth), phosphite ligands (such as P(0Et)3, P(O-p-tolyl)3, P(O-o­

tolyl)3, P(O-iPr)3, tris(2,4-di-t-butylphenyl)phosphite and other examples described in the 

STREM Catalogue No. 18 (Chemicals for Research: metals, inorganics and 

organometallics 1999-2001)) and other suitable ligands including those containing P 

and/or N atoms for co-ordinating to the platinum atoms, (such as for example pyridine, 

25 alkyl and aryl substituted pyridines, 2;2'-bipyridyl, alkyl substituted 2, 2'-bipyridyl and 

bulky secondary or tertiary amines), and other simple platinum salts either in the presence 

or absence of ligands. The platinum catalysts include platinum and platinum complexes 

supported or tethered on solid supports, such as platinum on carbon, as well as platinum 

black, platinum clusters and platinum clusters containing other metals. 

30 

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

5,686,608. In certain reactions there are advantages in using ligands with altered basicity 
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and/or steric bulk. Examples of suitable Ni catalysts include nickel complex, Raney nickel, 

nickel on carbon and nickel clusters or a nickel black. Preferred. catalysts are those that 

readily undergo oxidative addition and reductive elimination. One skilled in the art would be 

able to select a suitable catalyst on this basis. Catalysts of palladium are preferred. The 

5 Group 8-11 metal catalyst may contain other metals. 

Suitable catalysts also include metallocyclic compounds and compounds that can form 

metallocyclic species in situ in the reaction medium. 

1 O The catalysts according to the present invention may be prepared in situ. For example 

catalysts consisting of phosphine complexes of palladium can be prepared in situ by addition 

of a palladium (Il) salt such as the acetate and the desired mono- or di-phosphine in a ratio 

such that the Pd/P atom ratio is approximately 1:2. Arsines, such as for example 

bis(diphenylarsino) ethane and the like can also be used in conjunction with Pd to make active 

15 catalysts for the boronation of aryl halide type species. 

The process for pieparing the boronates may be performed in any suitable solvent or solvent 

mixture. Examples of such solvents include lower alkyl esters of the lower aliphatic 

carboxylic acids, cyclic and the lower secondary and tertiary amines, amides of the lower 

20 aliphatic carboxylic acids and lower aliphatic secondary amines, aromatic or aliphatic 

hydrocarbons, acetonitrile, benzonitrile, ethers, polyethers, cyclic ethers, lower· aromatic 

ethers, and mixtures thereof, including mixtures with other solvents. 

Preferred solvents include n-heptane, DMA, DMSO, l,2-dichlorethane, toluene, acetonitrile, 

25 dio:xane, DME, diethyl ether, THF or mixtures thereof with other solvents. The addition of 

further disubstituted monoborane derivative may be useful when the solvents are not 

anhydrous. 

The temperature at which each step of the process according to the invention is conducted will 

30 depend on a number of factors including the desired rate of reaction, solubility and reactiwy 
of the reactants in the selected solvent, boiling point of the solvent, etc. The temperature of 
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the reaction will generally be in the range of-100 to 250°C. IQ a preferred embodiment the 

process is performed at a temperature between 0 and 120°C, more preferably between 15 and 

80°C. 

5 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 promoting a single step, or more than one step, 

depending on the desired outcome of the reaction. For example a base may be chosen which 

promotes reaction between the olefinic or aromatic compound and the disubstitnted 

1 O monohydroborane, but which is not strong enough under the C()nditions used in the reaction 

to promote further reaction of the aryl or a1kene borate with additional aryl or olefinic 

compound, or other organic compound. It is also preferable that a base is chosen which is 

soluble in the solvent to which it is· added. Examples of bases which are suitable for 

promoting the reaction of the olefinic or aromatic coJJJ,pound with the disubstitnted 

15 mooohydroborane include secondary amines, tertiary amines, aliphatic cyclic amines and 

amines bearing a second or more hetero atom. Some of these bases may be used in 

conjunction with a phase transfer reagent, such as for example tetraalk:ylammoniuni salts or 

the crown ethers. 

20 Examples of ~ases suitable for catalysing reaction of the olefinic or aromatic compounds with 

the disubstituted monoborane, without generally catalysing the further reaction of the aryl or 

alkene intermediate include ttiethylamine, and other N-bases. 

Bases that can be used to activate .the catalyst prior to use in the reaction are preferably chosen 

25 from secondary amines, tertiary amines, aromatic amines, aliphatic cyclic amines and amines 

bearing a second or more hetero atom .. 

Examples of bases that can be used to promote the catalytic activity of the catalyst by treatment 

with the base(s) prior to use in the reaction include but are not limited to triethylamine, 2;6-

30 dimethylpiperidine and N-methylpipericline. 
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Examples of compounds suitable for decomposing excess disubstituted monohydroborane 

include water, alcohols and acids. 

As used herein the terms "alkene borate" and "aryl borate" refer to the products of the Group 

5 8-11 metal base catalysed reaction between an olefinic or aromatic compound respectively and 

the disubstituted monoborane, the product including a carbon- to -boron bond at the 

substitution position. 

In a further aspect of the invention there is provided a process for the preparation of an 

10 aromatic or olefinic boronic acid by hydrolysing the aryl or alkene borate as hereinbefore 

described using established procedures. The ease of hydrolysis is a function of the 

disubstituted monoborane used. Some aryl and alkene borates are more amenable ~ 

hydrolysis than those derived from pinacolborane. 

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

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

4-methoxy-3-( 4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benz.oic acid, 

4-Hydroxy-3-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-yl)phenylalanine, 

20 3-(4,4,S,S-Tetramethyl-1,3,2-dioxaborolan-2-yl)benzoic acid, 

3-Methyl-4-( 4,4,5,5-tetramethyl-l ,3,2-dioxaborolan-2-yl)benzoic acid, 

5-( +Phenyl-l,3,2-dioxaborolan-2-yl)-1,3-benzodioxole, 

5-( 4,5-Dimethyl-1,3,2-dioxaborolan-2-yl)-1,3-benzodioxole, 

5-( 4,5-Diphenyl-1,3,2-dioxaborolan-2-yl)-l,3-benzodioxole, 

25 5-[4-(Methoxymethyl)-1,3,2-dioxaborolan-2-yl]-l,3-benzodioxole, 

5-Tetrahydro-3aH-cyclopen1a[dj[l,3,2]dioxaborol-2-yl-l ,3-benz.odioxole, 

S-(4,4,6-Trimethyl-l,3,2-dioxaborinan-2-yl)-1,3-benzodioxole, 

5-(4,4,6,6-Tetramethyl-l ,3,2-dioxaborinan-2-yl)-l ,3-benzodioxole, 

2-(1,3-Benzodioxol-5-yl)-3-methyl-l ,3,2-oxazaborolidine, 

30 2-[(1S,2S,6R,8S)-2,9,9-Trimethyl-3,5-dioxa-4-boratricyclo[6.1.1.<>2-6]dec-4-yl]benzonitrile, 

(1S,2S,6R,8S)-4-(4-Methoxy-2-methylphenyl)-2,9,9-trimethyl-3,5-dioxa-4-
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boratricyclo[6.l .l .OZ6]decane, 

2,6-Dimethoxy-3-[(1S,2S,6R,8S)-2,9,9-trimethyl-3,5-dioxa-4-boratricyclo[6.1. l .02.6]dec-4-

yl]pyridine, 

( 1S,28,6R, SS)-2, 9, 9-Trimethyl-4-(2,3 ,4-trimethox;yphenyl)-3, 5-dioxa-4-

5 boratricyclo[6.l.1.02.6]decane, 

(1S,2S,6R,8S)-4-(2-Methoxyphenyl)-2,9,9-1rimethyl-3,5-dioxa-4'."boratricyclo[6.l.1.02-6]decane, 

(1S,2S,6R,8S)-2,9,9-Trimethyl-4-[2-(trifluoromethyl)phenyl]-3,5-dioxa-4'.'" 

boratricyclo[ 6.1. t .OZ6]decane, 

{1S,2S,6R,B.sr2,9,9-Trimethyl-4-(2-methylphenyl)-3,5-dioxa-4-boratricyclo[6.1.1.o2.6]decane, 

10 2-[(1R,2R,6S,8R)-2,9,9-Trimethyl-3,5-dioxa-4-boratricyclo[6.1.1.02.6]dec-4-yl]benzonitrile, 

{ 1R,2R ,6S,8R)-4-( 4-Methoxy-2-methyl phenyl)-2 ,9, 9-trimethyl-3 ,5-dioxa-4-

boratricyclo[ 6.1. t .02.6]decane, 

2;6-Dimethoxy-3-[(1R,2R,6S,8R)-2,9,9-trimethyl-3,S-dioxa-4-boratricyclo[6.1. l .02-6]dec-4-

yl]pyridine, " 

IS (1R,2R,6S,8R)-2,9,9-Trimethyl-4-(2,3,4-trimethoxyphenyl)-3,5-dioxa-4-

boratricyclo[6.l.l.OZ6]decane, 

(1R,2R,6S,8R)-4-(2-Methoxyphenyl)-2,9,9-trimethyl-3,5-dioxa-4-boratricyclo[6. l.1.02.6)decane, 

( 1 R,2R,6S, BR)-2,9, 9-Trimethyl-4-[2-{trifluoromethyl)phenyl]-3 ,S-dioxa-4-

boratricyclo[ 6.1.1. Q2.6]decane, 

20 {1R,2R,6S,8R)-2,9,9-Trimethyl-4-(2-methylphenyl)-3,S-dioxa-4-boratricyclo[6.1. l .02•6]decane, 

2-{4,4,5,5-Tetramethyl-l,3,2-dioxaborolan-2-yl)phenol, 

4-(4,4,5,S-Tetramethyl-l,3,2-dioxaborolan-2-yl)phenol, 

3,4-Dimethoxy-5-(4,4,S,S-tetramethyl-l,3,2-dioxaborolan-2-yl)benzaldehyde, 

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

25 Ethyl 3-( 4,4,5,5-tetramethyl-l,3.2-dioxaborolan-2-yl)benzoate, 

l,3-Dimethyl-S-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-yl)-2,4(1H,3H)-pyrimidinedione, 

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

4,4,S,5-Tetramethyl-2-(2,4,6-tricblorophenyl}-l ,3,2-dioxaborolane, 

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

30 Phenyl[ 4-( 4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-yl)phenyl]methanOne, 

4,4,5,5-Tetramethyl-2-(2,4,6-trimethoxyphenyl)-l ,3,2-dioxaborolane, 
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2-(2-Methoxy-l-naphthyl)-4,4,5,5-tetramethyl-l ,3;2-dioxaborolane, 

2-(2-Bromophenyl)-4,4,5,5-tetramethyl-l ,3,2-dioxaborolane, 

4,4,5,5-Tetramethyl-2-[2-( 4,4,5,5-tetramethyl-1 ~3,2-dioxaborolan-2-yl)phenyl]-1,3,2-

dioxaborolane, 

5 3-( 4,4,5,5-Tetramethyl-l,3,2-dioxaborolan-2-yl)benzylamine, 

4,4,5,5-Tetramethyl-2-(2,3,4,6-tetramethoxyphenyl)-1,3,2-dioxaboro~, 

N-[2-Methyl-4-( 4,4,5,S-tetramethyl-l ,3,2~0xaborolan-2-yl)phenyl]acetamide, 

2-(6-Methoxy-2-naphthyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane, 

2,4-Dimethoxy.;5-( 4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-yl)pyrimidine, 

I 0 2-(2-Fluoro[l, 1 '-biphenyl]-4-yl)-4,4,5,5-tetramethyl-1,3,2~0xaborolane, 

2-(4-Methoxy-l-naphthyl)-4,4,5,5-tetramethyl-l ,3,2-dioxaborolane, 

4-[4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]-1,3-thiazol-2-amine, 

4,4,5,5-Tetramethyl-2-( 4-{[(E)-3-methyl-1-butenyl]oxy }phenyl)-1,3,2-dioxaborolane, 

1-[4'-(4,4,5,S-Tetramethyl-l,3,2-dioxaborolan-2-yl)[l,l '-biphenyl]-4-yl]-1-ethanone, .• .. 

IS 3-Bromo-6-( 4,4,5,5-tetramethyl-l ,3,2-dioxaborolan-2-yl)-9H-carbazole, 

6-( 4,4,S,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)-2-naphthol, 

2-Methoxy-4-( 4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)- phenol, 

2-Methoxy-5-( 4,4;5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)~ phenol, 

2-( 4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)aniline, 

20 5-( 4,4,5,5.;. Tetramethyl-1,3,2-dioxaborolan-2-yl)-lH-indole, 

2,6-Dimethyl-4-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-yl)phen:ol, 

5-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)-lH-indole, 

4,4,S,S-Tetramethyl-2-( 4-phenoxyphenyl)• 1;3,2-dioxaborolane, 

N-[2-Fluoro-4-( 4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]acetamide, 

25 Ethyl 2-[ 4-( 4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenoxy]aeetate, 

4-Hydroxy-3-( 4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenylalanine and 

3-(4,4,5,5-Tetramethyl-l ,3,2-dioxaborolan-2-yl)aniline. 

The process according to the present invention is applicable to chemistry on solid polymer 

30 support or resin bead in the same manner as conventional chemistry is used in 

combinatorial chemistry and in the preparation of chemical libraries. Thus a suitably 
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substituted olefinic or aromatic ring compound linked to a polymer surface is reacted with 

a disubstituted monohydroborane in the presence of a Group 8-11 metal. catalyst and a 

suitable base to form an aryl or alkene borate chemically linked to the .polymer surface. 

This borate may then be reacted with an organic compound having a halogen or halogen~ 

5 like substitoent at a coupling position in the presence of a Grqup 8-11 metal catalyst and a 

suitable base to prepare the coupled product chemically linke<l 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. The process is also 

possible using the alternative strategy where. an organic compound having a halogen or 

IO halogen-like substituent at a coupling position which· is chemically linked to a polymer 

surface is reacted with an aryl or alkene borate.prepared in accordance with the present 

invention in the presence of a Group 8-U 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 leaving. only the reaction product on the 

15 surface. The coupled product may then be isolated by· appropriate cleavage of the 

chemical link from the polymer surface. 

It is also possible to prepare polymers by reaction of olefinic or aromatic compounds 

having more than one boron reactive substituent. Such compounds may be reacted with a 

20 disubstituted monohydroborane in the presence of a Group 8-11 metal catalyst and a 

suitable base to form an aryl or alkene borate having more than one boron functionality. 

These intermediates may be reacted with organic compounds J:laving more than one 

halogen or halogen-like substituent to form a polymer. If the olefinic or aromatic ring 

compound has three or more halogen or halogen-like substituents which react with the 

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

accordance with the process of the present invention. 

The olefinic or aromatic ring compound and the organic compound may be separate 

molecules, or may be linked together such that the aryl or a1kene borate formed after 

30 reaction with the disubstituted monohydroborane is able to react at a coupling position 

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

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

intermediates which, after coupling, taJce part in further reactions or rearrangements. An 

5 example of such an intermediate is one formed by reaction of an ether containing vinylic 

halide with one of R1
, R2 or R3 (formula I) being -OR with a disubstituted 

monohydroborane. The subsequent coupling of the resulting alkene borate intermediate 

with an organic compound gives a ketone on hydrolysis of the enol ether. 

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

15 

20 

However it is to be understood that the following description is not to supersede the 

generality of the invention previously described. 

EXAMPLES 

Bxample 1 

Formation of 4-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-yl)phenol 

H0-0~· -(£ 
0 \ 

To 24.5 mg PdClz(dppf).CH2Cl2 in a reaction tube under nitrogen were added 4 ml dioxane; 

0.42 ml (3 mmol) triethylamine, 0.35 ml (2.4 mmol) pinacolborane and 221 mg (l .O mm.ol) 

p-iodophenol. The reaction solution was stirred at room temp. to ensure that all the phenolic 

25 groups had reacted with pinacolborane and the hydrogen evolved was flushed out of the 

reaction tube with argon. The crimson coloured reaction solution was wanned to 80°C with 

stirring in an oil bath. The colour of the solution changed to a pale orange and after 2 h the 

reaction solution had darkened. After 8 h an aliquot was removed, extracted into ethyl 

aceta~ washed several times with water and analysed by gc (fid detector, SGE HTS 

30 capillary colwnn). No p-iodophenol was found in the solution analysed indicating that the 

reaction had gone to completion. Only 3 peaks were observed in the gc, other than the 
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solvent, and these were shown by gc/ms to be due to phenol and the pinacol esters of 

phenylboronic acid and the desired hydroxyphenylboronic acid and their concentrations, 

based on the gc peak areas, uncorrected.for fid response~ were 14 %, 7 % and 78 % 

respectively •. The phenylboronic acid ester is thought to have funned through aryl exchange 

5 on the phosphorus atoms of the catalyst ligand. 

Examp1e2 

Formation of 4-methoxy-3~( 4,4,S,S-tetramethyl-1,3.,2-dioxaborolan-2-yl)benzoic acid . 

10 

To 26.9 mg PdC~(dppt).CHiC~ in a reaction tube under nitrogen were added 4 ml dio~ 

15 0.43 ml (3 mmol) triethylamine, 0.35 ml (2.4 mmol) pinacolborane and 277 mg (1.0 mmol) 

3-iodo-4-methoxybenmic acid. The reaction solution was stirred at room temp. to ensure 

that all the phenolic groups had reacted with pinacolborane and the hydrogen evolved was· 

flushed out of the reaction tube with argon. The reaction solution was wanned to 80°C with 

stirring in an oil bath for 8 h. An aliquot (0.3 ml) was removed from the reaction solution, 

20 extracted into ethyl acetate, washed with dilute.sulphuric acid and then several times with 

water and analysed by gc (fid detector, SGE HTS capillary column). There was only one 

peak in the gc at retention time longer than that for 3-iodo-4-methoxybenzoic acid and that 

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

25 

30 
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Examp1e3 

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

To-25.8 mg PdC}z(dppf).CHiCl2 in a reaction tube under nitrogen were added 4 ml dioxane, 

0.43 ml (3 mmol) triethylamine, 0.46 ml (3.2 mmol) pinacolborane and 219 mg (1.0 mmol) 

10 p-iodoaniline. The reaction solution was stirred at room temp. to ensure that all the phenolic 

groups had reacted with pinacolborane and the hydrogen evolved was flushed out of the 

reaction tube with argon. The reaction solution was warmed to 80°C with stirring in an oil 

bath. After about 2 h the solution had tmned green and heating was continued for a total of 

8 h. An aliquot (0.3 ml) was removed from the reaction solution, extracted into ethyl 

15 acetate, washed several times with water and analysed by gc (fid detector, SOE HTS 

capillary column). There was only one strong peak (area was 75 o/o of total peak areas, 

uncorrected for response factors) in the gc and that was shown by gc/ms to be due to the 

desired arylboronic acid pinacol ester. The other peaks, both weak but of near equal area 

were shown by gc/ms to be due to aniline and the phenylboronic acid pinacol ester. There 

20 was no indication of the presence of unreacted p-iodoaniline in the reaction mixture. 

Example4 

Formation ofN-[4-(4,4,5,S-Tetramethyl-l,3,2-dioxaborolan-2-yl)phenyl]acetamide 

25 *~B-0-NHCOCH, 

To 25 mg PdC~(dppf).CHiCI2 in a reaction tube under nitrogen were added 4 ml dioxane, 

0.43 ml (3 mmol) triethylamine, 0.47 ml (3.2 mmol) pinacolborane and 262 mg (1.0 mmol) 

30 p-iodoacetanilide. The p-iodoacetanilide did not react with the pinacolborane to liberate 

hydrogen. The reaction solution was warined to 80°C with stirring in an oil bath. After 1 h 
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the solution had darkened and an aliquot (0.3 ml) was removed from the reaction solution, 

extracted into diethyl ether, washed several times with water and analysed by gc (fid 

detector, SOE HTS capillary column). There was only one strong peak (of area 74 % of total 

peak areas, uncorrected for response filctors) in the gc and that was shown by gc/ms to be 

S due to the desired arylboronic acid pinacol.ester. On heating the reaction mixture for a 

further 4 h at 80°C, the apparent yield of the required boronic acid ester increased to 81 % 

while that of the acetanilide and phenyJboronic acid pinacol ester peak areas were 14 % and 

3.4 % respectively. 

10 The employment of a large excess of pinacolborane is not essential. The reaction has been 

. carried out, and goes to completion (no p-iodoacetanilide remain;ng unreacted), using I.I 

mmol of pinacolborane. 

Examp}eS 

15 .Fonnation of 4-( 4,4,5,5-Tetramethyl-1,3,2~oxaborolan-2-yl)benzami~ 

20 

To 24.9 mg PdC1z(dppf).CH2Cii in a reaction tube under nitrogen were added 4 ml dioxane, 

0.43 ml (3 mmol) triethylamine, 0.6 ml (4.1 mmol) pinacolborane and 243 mg (0.98 mmol) 

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

80°C with stirring for S h in an oil bath. An aliquot (0.3 ml) was removed :from the reaction 

25 solution, extracted into ethyl acetate, washed several ·times with water and analysed by gc 

(fid detector, SOE HTS capillary column). The desired arylboronic acid pinacol ester was 

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

30 
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Example 6 

Solublising of a compound that has low solubility in common organic solvents through 

reaction of the functional groups that are able to form intermolecular hy~gen bon~ with a 

borane ester. 

Formation of 4-Hydroxy-3-( 4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenylalanine 

To 24.8 mg PdCI2(dppt).CH2CI.i in a reaction tube under nitrogen were added 4 ml dioxane. 

0.43 ml (3 mmol) triethylamine, 0.51 ml (3.5 mmol) pinacolborane and 284 mg (0.92 mmol) 

3-iodo-L-tyrosine. The reaction solution was stirred at room temperature to ensure that all 

15 the acidic protons had reacted with pinacolborane and the substrate dissolved. The hydrogen 

evolved was then flushed out of the reaction tube with argon and the mixture was warmed to 

80°C with stirring for 19 h in an oil bath. An aliquot (0.3 ml) was removed from the 

reaction solution, extracted into ethyl acetate, washed several times with acidified ~804) 

wa"ter and neat water The ethyl acetate solution was analysed, after dilution in 1 : 1 

20 water/acetonitrile, by hplc/ms. The formation of the desired arylboronic acid pinacol ester 

was confirmed by hplc/ms and on the basis of the negative ion mass spectrum. in which the 

I- ion was not observed, (unlike in the case for the substrate 3-iodo-L-tyrosine}, it is unlikely 

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

25 

30 
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Example7 

Formation of 3-( 4,4,5,5-Tetramethyl-l ,3,2-dioxaborolan-2-yl)benzoic acid 

To 26.1 mg PdC~(dppt).C~Cl2 in a reaction tube under nitrogen were added 4 ml dioxane, 

0.43 ml (3 mmol) triethylamine, 0.37 ml (2.6 mmol) pinacolborane and 250 mg (1.0 mmol) 

10 3-iodobenzoic acid. The reaction solution was stilTed at room temperature to ensure that the 

carboxylic acid group had reacted with pinacolborane. The hydrogen evolved was flushed 

out of the reaction tube with argon. Over this perio~ the initial crimson coloured reaction 

solution turned to an orange colour .. After wanning to 80°C with stirring for 73 h in an oil 

bath, an aliquot (0.3 ml) was removed from the reaction solution, extracted into ethyl acetate 

IS and washed with dilute sulphuric acid and then several times with water before analysing by 

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

solution indicating that the reaction had gone to completion. Only 3 peaks were observed in 

the gc, other than the solvent, and these were shown by gc/ms to be due to benzoic acid and 

the pinacol esters of phenylboronic acid and the desired carboxylated phenylboronic acid 

20 which was present in highest concentration. 

Example I 

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

25 

To 25.4 mg PdC!i(dppf).C~CJ.i in a reaction tube under nitrogen were added 4 ml dioxane, 

0.43 ml (3 mmol) triethylamine, 0.37 ml (2.6 mmol) pinacolborane and 249 mg (1.0 mmol) 

30 4-iodobenzoic acid. The reaction solution was stirred at room temp. to ensure that the 

carboxylic acid group bad reacted with pinacolborane, the colour of the solution changing 
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over ca. 20 min. from crimson to a pale orange-brown colour. The hydrogen evolved.was 

flushed out of the reaction tube with argon. After wanning to 80°C with stirring for 73 h in 

an oil bath, an aliquot (0.3 ml) was removed from the reaction solution, ~tracted into ethyl 

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

S analysing by gc (fid detector, SGE HTS capillary column). No 4-iodobenzoic acid was 

found in the solution indicating that the reaction had gone to completion. Only 3 peaks were 

observed in the gc, other than the solvent, and these were shown by gc/ms to be due to 

benzoic acid and the pinacol esters of phenylboronic acid and the desired carboxylated 

phenylboronic acid which was present in highest concentration. 

10 

15" 

Example9 

Formation of 3-Methyl-4-( 4,4,5,S-tetramethyl-l,3 ,2-dioxaborolan-2-yl)benzoic acid 

To 26 mg PdC~(dppf).CHzCl2 in a reaction tube under nitrogen were added 4 ml dio~ 

0.43 ml (3 mmol) triethylamine, 0.37 ml (2.6 mmol) pinacolborane and 259 mg (0.99 mmol) 

20 4-iodo-3-methylbenzoic acid. The reaction solution was stirred at room temp. to ensure that 

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

changing over ca. 20 min. from crimson to an orange-brown colour. The hydrogen evolved 

was flushed out of the reaction tube with argon. After warming to 80°C with stirring for 73 

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

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

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

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

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

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

30 carboxylated phenylboronic acid which was present at highest concentration (peak area wa8 

SS % of total peak areas). 
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Example 10 

This example demonstrates the effect of a promoter on the rate of reaction of a aryl bromide 

with pinacolborane. 

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

-10 To 25 mg PdCJ.i(dppf).ClfzCl2 in a reaction tube under nitrogen were added 4 ml dioxane, 

0.43 ml (3 mmol) triethylamine, 0.46 ml (3.2 mmol)pinacolborane and 177 mg (1.03 mmol) 

p-bromoaniline. The reaction solution was stirred at room temp. for a short time and then. 

flushed wjth argon and warmed to 80°C with stirring in an oil bath. An aliquot of the pale 

yellow solution was removed after S h, extracted int9 ethyl acetate, washed several times 

·.15 with water and analysed by gc (fid detector, SGE HTS capillary column). The amotlllt of the 

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

response factors). After 20.S h reaction time, the amount of product had increased to 16 %. 

When the reaction was carried out in the presence of28 mg of p-iodoacetanilide, product 

20 formation was appreciably faster. After 2.75 h reaction time, a sample was taken from the 

yellow-brown reaction solution and prepared for gc analysis as above. The amount of 

product in the sample, again uncorrected for response factors was, based on peak area, 26 %. 

After 19 h reaction time the amount of this species had increased to 63 % of the total peak 

areas and no p-bromoaniline was detected in the reaction solution . Aniline was the major 

25 side product. . . . 

30 
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Example 11 

This example demonstrates the effect of a promoter on the rate of reaction of an aryl iodide 

with pinacolborane. 

5 Formation of 4,4,5,5-Tetramethyl-2-( 4-methylphenyl)-1,3,2-dioxaborolane 

10 To 25.6 mg PdCl.i(dppf).C"2Cl2 in a reaction tube under nitrogen were added 4 ml dioxane, · 

0.43 ml (3 mmol) triethylamine, 0.22 ml (1.5 mmol) pinacolborane (crimson solution) and 

219 mg (l.O mmol) p-iodotoluene. The reaction solution was warmed to 80°C with stirring 

in an oil bath. An aliquot of the pale yellow reaction solution was removed after 1 h and 2h. 

and a third sample after 5 h reaction time by which time the solution had turned a darkish 

15 green colour. The aliquots were extracted into ethyl acetate, washed several times with 

water and analysed by gc (fid detector, SGB HTS capillary column). The amount of the 

tolylboronic acid pinacol ester was S.6 % after 1 h reaction time, 66 % after 3 h and the 

reaction was :finished Bfter S h (based on peak area uncorrected for response factors). 

When the parallel reaction was carried out in the presence of 35 mg (0.13 mmol) p-

20 iodoacetanilide, after 1 h the amount of tolylboronic acid pinacol ester formed was 34 %. 

When the reaction solution was analysed after 3 h reaction time, the reaction had already 

gone to completion, indicated by the absence of p-iodotoluene in the reaction solution. 

Example 12 

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

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

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

30 



W000/278S3 PCT/AU99/00967 

-36-

Three parallel reactions were carried out 

Reaction 1. To 26.5 mg PdC~(dppf).CHzC!i in a reaction tube under itjtrogen were added 

4 ml dioxane, 0.43 ml (3 nunol) triethylamine, 0.23 ml (1.5 mmol) pinacolborane (crimson 

S solution) and 215 mg (J.OS mmol) p-iodobenzene. The reaction solution was wanned to 

80°C with stirring in an oil bath. Seven aliquots of ca. 0.3 ml were removed from the 

reaction solution at hourly intervals. The reaction solution remained a pale yellow colour for 

the first 6 aliquots and was green in colour when the seventh aliquot was taken. A final 

aliquot was taken after 25 h reaction time. The aliquots were extracted into ethyl acetate, 

10 washed several times with water and analysed by gc (fid detector, SGE HTS capillazy 

column). 

Rea(;tion 2. The reaction procedure and quantities were the same as in the Reaction 1 

aboVe except thatp .. iodoacetanilide (27 mg, 0.105 mmol) was added to the reaction~· 

15 The reaction solution remained pale yellow for the first four aliquots but was dark for the 

remainder. 

Reaction 3 The reaction procedure and quantities employed were again the same as in 

20 Reaction 1 but to this reaction was also added acetanilide (67.7 mg, O.SO mmol). The 

reaction solution remained pale yellow for the first three aliquots but was.dark for the 

remainder; 

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

25 conditions is shown in the table. The concentration of phenylboronic acid pinacol ester 

given in the table is uncorrected for gc :fid response factors or for the somewhat variable 

amounts of the hydroxyboronpinacolate ester (identified by gc/ms) present in the solutions 

analysed. For Reactions 2 and3. the peak areas were corrected for the contribution made by 

the additives and their reaction products to the total peak area. 

30 
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Table12.1 Formation of phenylboronic acid pinacol ester from p-iodobenzene and 

pinacolborane with and without reaction rate enhancers. Concentration is expressed as % 

peak area. 

Reaction Time No additive 0.105 mmol p- 0.50mmol 

(hr) iodoacetanilide acetanilide 

1 1.6 10 6.8 

2 6.3 33 26 

3 17 74 64 

4 39 93 97 

s 75 96 95 

6 92 92 92 

7 90 92 92 

25 97 95 94 

1 S Exam.pie J 3 

. 20 

This example demonstrates the effect of a promoter on the rate of reaction of a bro,moolefin 

and pinacolborane. 

Formation of 2-(1,2-Dimethyl-1-propenyl)-4,4,S,s-tetramethyl-l ,3,2-dioxaborolane 

25 To 24. 7 mg PdCl:a(dppf).CH2Cl2 in a reaction tube under nitrogen were added 4 ml dioxane, 

0.43 ml (3 mmol) triethylamine, 0.23 ml (1.5 mmol) pinacolborane, 28 mg (0.1 mmol) ofp­

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

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

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

30 ethyl acetate, washed several times with water and analysed by gc (:fid detector, SOE HTS 
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capillary column) •. The desired product, identified by gc/ms, had formed and was the major 

peak present. At longer reaction times the. mixture darkened further and analysis (by gc) 

indicated that the reaction had gone to completio~ no 2-bromo-3-methylput-2-ene being 

found in the reaction solution. 

Example14 

This example demonstrates the use of a Ni rather than Pd catalyst. 

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

; . :. . 

To 21.9 mg NiCfi(dppf) in a reaction tribe under nitrogen were added 4 ml dioxane, 0.42 ml 

15 (3 mmol) triethylamine, 0.22 inl (1.5 mmol) pinacolborane and 238 mg (0.96 mmol) 1-iodo-

3,4-methylenedioxybenzene. The green coloured reaction solution was warmed to 80°C . 

with stirring for 6 h in an oil bath. An aliquot (ca. 0.3 ml) of the reaction solution was 

removed, extracted into diethyl ether and washed several times with water and analysed by 

gc (fid detector,. SGE HTS capillary column). Besides a little 1,3-benzodioxole, the only 

20 other product peak in the gc was that due to the desired arylboronic acid pinacol ester. NiC12 

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

ExampJe 15 

This example demonstrates the use of Pd catalysts not carrying phosphine ligands. 

25 1. Use of Pd(lO %) on charcoal 

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

30 
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To 52 mg of Pd(l 0 %) on charcoal and 233 mg {l .Ommol) p-iodoanisole in a reaction tube 

under nitrogen were added 4 ml dioxane, 0.44 ml (3.1 mmol) triethylamine and 0.22 ml (1.5 

mmol) pinacolborane. The reaction solution was wanned to 80°C with stirring in an oil 

35 bath. An aliquot {ca. 0.3 ml) of the reaction solution was removed after 1 hand extracted 

into diethyl ether and washed several times with water and analysed by gc (:fid detector; SGE 

HT5 capillary column). Besides some anisole, the only other product peak in the gc (12 % 

of total peak area) was that due to the desired arylboronic acid pinacol ester. Analysis of a 

sample of the reaction solution after 2.5 h reaction time indicated that this peak had grown to 

40 41 % of the total gc peak areas. 

45 

50 

55 

Formation of 4,4,5,5-tetramethyl-2-{ 4-methylphenyl)-1,3,2-dioxaborolane 

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

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

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

2. Use of Pd(iI)acetate 

Formation of 5-{ 4,4,5,5-Tetramethyl-l,3,2-dioxaborolan-2-yl)-l,3-benzodioxole 

0 

\_o -O-' ::J 'e o 1-0 ~ # 

To 22 mg of Pd(ll)acetate in a reaction tube under nitrogen were added 4 ml dioxane, 260 

60 mg (l.05 mmol) 1-iodo-3,4-methylenedioxybenzene, 0.44 ml (3.1 mmol) triethylamine and 

0.22 ml (1.5 mmol) pinacolborane. The solution became black on addition of the 

pinacolborane to the other reaction ingredients. The reaction solution was warmed to 80°C 
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with stirring in an oil bath. An aliquot (ca. 0.3 ml) of the reaction solution was removed 

after 1 h and extracted into diethrl ether and washed several times with water and analysed 

by gc (:tid detector, SGE HTS capillary column). Besides some l,3-be11Z<?dioxole, the only 

other product peak in the gc (13 % of total peak area) was that due to the desired arylboronic 

S acid pinacol ester. 

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

bis(l,2-diphenylarsino)ethane and Pd(OAc1. 

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

15 

8.1 mg of Pd(OA.c1 (0.036 mmol) and 16 ing (0.033 mmol) ofbis(l,2-

diphenylarsino )ethane were placed in a reaction tube under nitrogen together with 4 ml of 

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

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

20 (1.06 mmol) of l-iodo-3,4-methylenedioxybenzene and 0.22 ml (1.5 mmol) of 

pinacolborane. The reaction mixture was then warmed to 80°C. After 3 h, 45 % of the total 

peak areas was due to the desired product. This increased to 73 % after 24 h. 

Example 16 

25 One pot reaction to form an unsymmetrical biaryl. 

30 

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

(o,_. 
o-0--Q-CONI!! 
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To 28 mg PdCli(dppt).CH2Cli in a reaction tube under nitrogen were added 4 ml dioxane, 

0.43 ml (3 mmol) triethylamine, 0.23 ml (1.5 mmol) pinacolborane and 262 mg (1.06 mmol) 

l-iodo-3,4-methylenedioxybenzene. The reaction solution was warmed to 80°C with stirring 

in an oil bath for 22 h. An aliquot (0.3 ml) was removed from the reaction and extracted into 

5 ethyl acetate and washed several times with water and analysed by gc (fid detector, SGB 

HTS capillary column). All the l-iodo-3,4-methylenedioxybenzene had reacted to fonn the 

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

(which destro}'s the excess pinacolborane and thereby prevents the formation of symmetrical 

biaryl), 1.07 g Cs2C03 and 261 mg (1.06 mmol) 4-iodobemamide, the solution was warmed 

10 to 40 °C for 17 h. An aliquot (O.S ml) was removed from the reaction solution and extracted 

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

HTS capillary column). The required biaryl (identified by gc/ms) gave rise to the strongest 

peak in the gc trace. 

15 Example 11 

This example demonstrates that palladium catalysts can be activated by treatment with a 

base prior to their use in promoting the reaction of an organic halide with a clialkoxyborane. 

In particular, the catalytic activity of PdC12(dppt).C~Cl2 can be increased significantly, 

especially the initial activity, by treatment, in the reaction solvent, with triethylamine prior to 

20 the addition of the pinacolborane and substrate. Besides the rate enhancement observed in 

the formation of the required product boronic acid ester (e.g. pinacol ester of 3,4-

methylenedioxyphenylboronic acid) there is a further advantage in the prior activation of the 

catalyst in that the amount of bi-product formed in the reaction (viz. 1,3-benzodioxole 

through dehalogenation of the substrate and the pinacol ester of phenylboronic acid in which 

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

Formation of S{ 4,4,S,5-Tetramethyl-1~3,2-dioxaborolan-2-yl)-1,3-benzodioxole 

30 
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To 24.6 mg PdCl2(dppt).C~Clz in a reaction tube under nitrogen was added 4 ml clioxane 

and 0.42 ml (3 mmol) triethylam.ine. The mixture was he~d at 80°C for ca. 11 h. The red­

orange suspension of PdCla(dppf).CffiCii dissolved to give a dark red-brpwn solution.. To 

this solution, at room temperature, was added 0.23 ml (1.5 mmol) pinacolborane and 253 mg 

5 (1.02 mmol) 1-iodo-3,4-methylenedioxybenzene. The reaction solution was warmed to 

80°C with stirring for 1 h in an oil bath. The solution remainecl a dark red-brown in colour. 

An aliqµot (ca. 0.25 ml) of the reaction solution was removed, extracted into ethyl acetate 

and ~d several times with water and brine solution and analysed by gc (fid detector, 

SOE HTS capillary column). Apart from a small amount of 1,3-benzoclioxole (5 % of 

10 uncorrected gc peak area) and pinacol ester of phenylboronic acid (3 %), the only other . 

produCt peak in the gc (area of 92 %, uncorrectecl) was that due to the desired arylboronic 

acid pinacol ester. There. was no evidence of biaryl formation. .The rate of reacti~n of 1-

iodo-3,4-methylenedioxybenzene with pinacolborane at 80°C with activated catalyst is 

indicated also in Table 17.1. Table 17.2 shows that side product formation can be reduced 

15 still further by carrying out the reaction at 30°C. 

Table 17.1. Rate of product formation on reaCtion* of I-iodo-3,4-methylenedioX)'benzene . 

with pinacolborane at 80°C in which the catalyst, PdCla(dppf).CHiClz. was activated, prior to 

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

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

solution taken at selected reaction times. 

Reaction 

25 Time 

(mins) t o. -00' B -0 
a· 

6 14.4 io.74 is4 i4o 
................... "' ......................................................... '"'"'" ...................... HllHHlfflMlllN .............................................................. u11n111 

10 i 4.4 iJ .0 · ~ 40 ~ SS 
llNANllHllllllHlllNt'"!NllHHlltlllHMMlll ..... H1"111UlllMnlHHlllUllllllllllUllllNM•!llll .. INlllllllMHHHllMH'"811HIH1 .. lllHltl .... l1111 .. Mltltt1111HIMNl .. lllllllHI 

15 ; S.2 I 2.1 126 = 66 
.............. _ .. ~11111u11111nnHIN-IHllllllllHHIUllllllHtlHllllHIHlllHllHHllll!"'"'"'' .............................. ., ...... ~ .................... hllllllllllllnlllfllllll 

30 20 i 5.9 5 2.9 i 16.3 i 75 
~ .... --.. ----·--··----"··· .... ···---.. ·-·---···-·-··---------··..-..-·-·--·--·-
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··-··· .. ---··-·-·--·-·-·---···-·--·r·-·· .... - ......... - .... ·"-·-·•'"'=""'"'-·-··· .. ·--··-----=----··----· .. -··· .. _ .. ____ 
25 i 5.7 i 2.9 i 9.2 i 82 

•tllHllNllllUllHlllllllllllHHUlllllMINHllllNIUMNl.IUllllHlllll•HllllHltlNHIHll"lllHlllllHIUHllHHlllUHftllllMllHINltlll IHH•t•1H .. llllllHHHIHIH .. llllAHlllllllM .. I 

13.6 30 6.0 3.2 87 

35 5.9 3.4 h.2 89 

40 5.1 3.4 i 0.7 90· 

50 5.6, 3.4 lo 91 

180 5.1 3.5 lo !91 

* Used 25.5 mg of PdCl2(dppf).CHiClz. 4 ml dioxane, 0.43 ml (3.0 mmol) triethylamine 

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

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

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

of reaction solution to a water/ethyl acetate mixture. 

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

with pinacolborane at 30°C in which the catalyst, PdClz(dppf).C~C~ was activated, priprto 

1~ employment in the reactio~ with triethylamine. The concentrations are expressed in~%. 

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

solution taken at selected reaction times 

20 

Reaction 0 :to· -Q o-, 0 

O' =:f~e-O-'J Time(h) -o I o·B ~ Ii 1-{j-o 
;: = & : 

1 U.6 ; o 194 . i 4.8 
llHM,HN ... HHtllllll•1•HUHll ..... IHHHltHHHll!'"IHIHllHIHllllllllH•HINIM .. NIHUl!llnllllHllllH .. HllUllllllMllt .. Mll ClllllltlllllllllNINllllHlllHllllflllllll .... 11111 

2 H.7 ; o ; 89 ! 9.7 
HllMHl .. HIHIHHHHN.IUHlllHl ...... lllUllllUlllNllHllllHllllllltftlNIHININllllnlllllllllt NllllMlll-lllHllHllHHlllllHHIH .. lllMlllllHINIMlllHllllHlllllllllHHllM•Ndt 

3 2 0 84 13.8 

4 2 0 81 17 

25 7 2.3 0 71 26 

28 4 0.6 27 68 

11.S 4.2 1.9 0 94 
• Used 25 mg of PdClz(dppf).CHzClz. 4 ml dioxane, 0.43 ml (3.0 mmol) triethylamine 

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

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

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



W000/27853 PCT/AU99/00%7 

-44-

of reaction solution to a water/ethyl acetate mixture. 

When the catalyst PdCl2(dppf).C~Cli is treated with the amine together.With the borane 

ester prior to use in the reaction, the initial reaction rate is enhanced, indicating that some 

5 catalyst has been activated. The overall reaction, however, is slower than that when the 

catalyst receives no pretreatment. Catalyst presumably unactivated by the pretreatment with 

triethylamine and: pinacolborane appears to be more resistant to activation during the 

progress of the boronation reaction. This can be seen by comparison of Tables 17.3 and 

17.4. In Table 17 .3. the catalyst was not activated prior to use and the reaction rate over the 

10 first 1to2 hours is slow. In Table 17.4, the catalyst was treated with both triethylamine and 

pinacolborane prior to use in the reaction and the initial reaction rate is enhanced but the 

overall reaction is slower than that shown in Table 17.3. The prior treatment of the catalyst 

with triethylamine and pinacolborane does, however, improve the yield of product by 

reducing .dehalogenation. 

15 

Table 17.3. Rate of product formation on reaction• of l-iodo-3,~methylenedioxyb~ 

with pinacolborane at 80°C in which the catalyst, PdC!i(dppf).CH2Cl2• was not activated, 

prior to employment in the reaction, with triethylamine. The concentrations are expressed in 

area% (unconected for response factors) determined by gc analysis of aliquots of the 

20 reaction solution taken at selected reaction times. 

Reaction 

Time(h) 
01 Q-o 

' 0 
r-{/ 

l"-\_J)-0 

: ; : I 

0 

#Q --0' B -0 o· 

1 11.1 i0.75 194 14.5 
HMllHtHllftHHMllt,11HPlllhHIHIHHllHltlllll!• ........... M ... lnlHlllHIHllAIHlllHlll~llHt•IHllHllHHli•Un11 .. 1111t11•-=•i&111111UA1111U1UllltlMllUIHltHHIHllllllHI 

25 2 . !2.2 B.7 i73 i20 
Ht1 ... IHllllHIMllfNIHtl!tHllHMl•HIHlllllllHllHl1H• .. Hltllll•l•llHllllllllHlllHHllllll-llllHIUlllllllllhlltlMUIMIMtllHll,lltt ...... IUIHlllMllllttlllllltlllllltllltlttHIM 

3 J.= 9.1 . i 6.7 . H3 ; 70 
.................. illll- ............................................. " .................. Hlllllll!H••1111nu11111111111IHlllllHlll ............ n ............. '" .. """"'"' .......... .. 

4 i 11.4 I 6.S § 0 i 80 
iflffNflWlffltfff""!""-"'ltttlHHINhlM ... 1 ..... HINlfffNt .... 111,..., ............ .,.,.. ............ lfffff .... HlfffHHIH ........... ll•M..,...._HNh,....HHlffNH ...... lftl 

s 112.4 i 6.7 i 0 i 78 
lm1t1u111111111111111n••91••11•••1111111tl9HlllHllHttllMtl•HtlHl .. 1MlllNIMHHllMllNHNltl!•H•U111111H11t111111M11HUHlllHMl1•11u11111111""'" ........................... H .. 

6 112 i 6.S I 0 179 
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* Used 27 mg of PdCli(dppt).CffiClz. 4 ml dioxane, 0.43 ml (3.0 mmol) triethylamine, 

0.23 ml (1.5 mmol) pinacolborane and 262 mg (1.05 mmol) 1-iodo-3,4-

methylenedioxybenzene. The reaction was quenched at the selected re~on time by 

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

Table 17.4. Rate of product fonnation.on reaction* of 1-iodo-3,4-methylenedioxybenzene 

with pinacolborane at 80°C in which the catalyst, PdCJi( dppf).CJtCJ.,, was treated, prior to 

employment in the reaction, with triethylamine and pinacolborane. The concentrations are· 

ex.pressed in area % (uncorrected for response factors) determined by gc analysis of aliquots 

10 of the reaction solution taken at selected reaction times. 

Reaction 

Tnne(h) 
01 ()-o ~a -.of 

::,LI o:a-Q, /={ 
l~-0 

1 I o.s h.5 I 14 i 21 . 
..... MllM•1••ll-IHlllll, ... H~HlllllltlMHIMlllflllallllltlHIHlltHHHllll"llHllHllnlllllllllllltllHltflllllllllllfHHHll ..... ll-, ... HllllHtllllHHllUllllllH.~llllllllllNIMlll 

15 2 51.4 ! 4.5 ii 45 i 48 . : 
lltllllUHllllllHlliHllll'!lltHHIHIWIHlllHHMIHlllllHltlHHlffRHIHIHIAllHIHINIHIHlllll!HIHHlllllMllHHMIHIHNHIHll .. 111111 ... Hl ... IMIHINl'"tlfftHHlllllMIHllMWl~I 

3 H.9 i 5.5 i 22 ; 70 · 
IHttHlllllMllllMllHll•111111111111111H1111111n .. 11111•••NHIHnHHllllNtlHllHllllHlllNlllll!•••11n1n11 .. 1111111111111111tnnHn119111••••HHIMHIH•IHllllH~,. ................ ~. 

4 i 2.4 i 6.0 ; 7.5 i 84 
IHll ... IMllHHllHllllM••MtNHnllhHllHllllllHllllt•111IHH .. IHllHHltNHlllllllllllllllHMH811HIMlllHHIMllllllllllllllllllHlllllll•lll•tlHllllHIHllHlll .. HNIHllllllllllllft•H 

s i 2.s i 6.3 Io I 91 
111111n1111n ... 11u111t11ll11111• ... 1nn111HM1nt11111•111u1111u1119"1111111111t1.,11tHIHNHH1l11111u111111111nM111Ha111111111111111el1111111111111111n111111111111111••••HHU••H111 

6 i 2.8 I 6.3 i 0 i 91 . . 

20 * Used 27 mg of PdC~(dppf).C~Clz 4 ml dioxane, 0.43 ml (3.0 mmol) triethylamine, 

25 

0.23 ml (1.1 mmol) pinacolborane heated for ca.11 at 80°C. Then added 262 mg (1.05 

mmol) l-iodo-3,4-methylenedioxybenzene ai room temp. before warming reaction to 80°C. 

The reaction was quenched at the selected reaction time by addition of the aliquot of reaction 

solution to a water/ethyl acetate mixture. 

The amount of triethylamine used to activate the catalyst may be less than that used in the 

above reactions. Treatment of 25.8 mg PdCl,(dppf).CffiClz in a reaction tube, under 

nitrogen, with 4 ml dioxane and 0.14 ml (1 mmol) triethylamine at 80°C for40 h gave ·ared­

brown solution that still contained undissolved material, presumably PdCl,(dppf).CllzCl2• 

30 After cooling to room temp., 0.23 ml (1.5 mmol) pinacolborane and 267 mg (1.08 mmol) 1-
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iodo-3,4-methylenedioxybenz.ene were added and the reaction solution warmed to 80°C, 

with stirring, in an oil bath. An aliquot (ca. 0.25 ml} of the reactio11 soJution was removed at 

intervals, added to ethyl acetate/water which quenched the reaction and ~washing the 

ethyl acetate solution several times with water, the solution was analysed by gc •. The results, 

S given in Table 17.5, indicate that the catalyst was activated but not as effectively as when 

more triethylamine was employed. The amount of debalogenation of the subs1rate is 

considerably increased on using the smaller amount (near stoichiometric) of base and this is 

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

end of the reaction. 

10 

Table 17.5. Rate of product formation on reaction of 1-iodo-3,4-methylenedioxybenzene 

. with pinacolborane at 80.°C,in which the catalyst, Pd9~(dppf).CffzClz. was actiVQ.ted, prior to 
. . . . . 

e.m,ployment in the reaction, with triethylamine (1 mmol). The concentrations are expressed 

in area % (uncorrected for response·factors} determined by gc analysis of aliquots of the 

1 S reaction solution taken at selected reaction times*. 

Reaction _o/ :to· -Q 
. 0 : : 0 

-d' tq-O-/ Time Q--o l o·B ~ ' I -0 B . 0 o· 
(mins) 

20 s.s h.6 lo i93 ~ 4.3 
•111••1111HHN1111n111111111111n111111MHt1111N111t111tt"l'"H1NlllltNHHMHN••111N1M11HHH•1111M1HH"""'"""""'"'"'HH1_1H!"•1111MH .... H1•111N1111M11••nnNIHlllMH 

10 i 2.6 I O 184 = 11 
..................... Hllll .... MIHNIHliNH1UNIHlllHHlll!llNIHIHHHlllAIMIH•t••n•n11111111_ .. !•lllllHIMMMllllUllA ..... lllllUH•H•t ...... HIHlll .. lhllllllllllUl~HHtHlllHl•"•H 

15 i3.7 iO 5 73 H9 
... - .................... i ................ ,,_"""""'"!""""'"~"'"""'"'""""'"""'"'"l'""'""'" .......................... i'""-"''"'"""""'"""""""'"•-111 
20 : 3.3 : 0 5 64 = 29 
·~ ................................. ~ .............. M .. lllln111•1111MIHIHINNHlffHllHlllHllltlltll!l~IHlllUHlllllllltlNlllllllllHllHll'!••11u111111 ....................................... 

25 i 4.S i 0 j 53 i 38 
HMlllllllHlllllMlllMHlllllHlllllllllUHHllMRlllllllll .. llMlftlHlllllHIHHlllllllUIHl .. lllHIHtlHlllllllMNIHllllllHUllllHllllllMl.HIHMMlllHlnlMUllllHIMllNINHllllll .... ltt 

25 30 s.s 1.8 46 44 

40 7.2 2.2 33 54 
• so 11 2.3 17 62 . 

60 16 2.3 6.2 67 

80 18 2.5 0 75 . 
30 240 19 2.3 0 70 
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Example 18 

This example demonstrates that there is an inverse relationship between the amount of base 

(triethylamine) used in the reaction and the extent of dehalogenation of 1_-iodo-3,4-

methylenedioxybenzene. It also demonstrates that the amowt of pinacolborane required for 

5 the complete reaction of the aryl halide can be less than 1.5 equivalents. Unreacted 

pinacolborane was found at the completion of the reaction when 1.1 equivalents were used. 

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

10 

To 25.1 mg PdC!i(dppt).CffzCl2 in a reaction tube under nitrogen were added 4 ml dioxane, 

15 0.42 ml (3 mmol) triethylamine, 0.16 ml (1.1 mmol) pinacolborane and 256 mg (1.03 mmol) 

1-iodo-3,4-methylenedioxybenzene. The reaction solution was warmed to 80°C, with 

stirring, for 16 h in an oil bath. An aliquot (ca. 0.25 Iiil) of the reaction solution was 

remove~ extracted into ethyl acetate and washed several times with water and brine solution 

and analysed by gc (tid detector, SGE HTS capillary column). Hydrogen evolution was 

20 observed on the initial contact of the reaction sample with water, indicative that excess 

pinacolborane was present at the completion of the reaction even though only 1.1 

equivalents had been used. Besides the 1,3-benzodioxole (10 % of gc peak area) and pinaool. 

ester ofphenylboronic acid (7 %), the only other product peak in the gc (area of 81 %) was 

that due to the desired arylboronic acid pinacol ester. Jn a parallelreaction in which the only 

25 change was a reduction"in the amowt of triethylamine used, :from 3.0 equivalents to 1.0 

equivalents, the product distribution found was 1,3-benzodioxole (23 % of gc peak area), the 

pinacol ester of phenylboronic acid (6 %) and the desired arylboronic acid pinacol ester 

(peak area 69 %). 

30 
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Example 19 

Bases other than triethylamine 

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

(i) Quinuclidine 

To 25.7 mg PdClz(dppf).C~Clz and 111 mg (1.0 mmol) of quinuclidine in a reaction tube 

under nitrogen were adde<:\ 4 IJl} dioxane, 0.23 ml (1.Smmol) pinacolborane and 247 mg (1.0 

mmol).l-iodo-3,4-methylenedioxybenze~~- The brownish reaction solution was warmed to 

.: 8()°C \\litJl stirring .for 16 h in ~,~n bath. AnaJ.ysis of'.,the ~on .solution by gc as 
15 .described above indicate<l..tbat th~ qiain ~on was dehalo~tionto 1,3-benzodioxole 

(69 % of gc peak area). The formation of the pinacol ester of phenylboronic acid was small 

(0.7 %) and the desired arylboronic acid pinacol ester peak area was 25 % . Increasing the 

qm,iuclidine concentration to 3. mmol was highly detrimental to ~uct fonnation. Found: 

1,3-benzodioxole (98 % of gc peak area); pinacol ester of 3,4-metbylene(iioxyphenylboronic 

20 acid (less than 2 % of peak area). 

(ii) . N-Methylpiperidine 

To 26.1 mg PdCJ2(dppf).CfftCl2 in a reaction tube under nitrogen were added 4 ml dioxane, 

25 0.12 ml (1.0 mmol) ofN-methypiperidine, 0.16 ml (1.1 mmol) pinacolborane and 253 mg 

(1.02 mmol) 1-iodo-3,4-methylenedioxybenzene. The red reaetion solution was warmed to 

80°C with stirring for .17 h in an oil bath. Analysis of the dark green reaction solution by gc 

as described above gave the reaction product distribution: 1,3-benzodioxole (16 % of gc 

peak area); the pinacol ester of phenylboronic acid (7 %) and the desired arylboronic acid 

30 pinacol ester (peak area 76 % ). Increasing the N-methypiperidine concentration to 3 mmol 

had little effect on product distribution. Found: 1,3-benmdioxole (17 % of gc peak area); 
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the pinacol ester ofphenylboronic acid (8 %) and the pinacol ester of3,4-

methylenedioxyphenylboronic acid (peak area 75·% ). 

(iii) 2,6-Dimethylpiperidine (a sterically hindered secondary amine) 

PCT/AU99/00967 

To 27.7 mg PdClz(dppt).CffiClz in a reaction tube under nitrogen were added 4 ml dioxane, 

0.14 ml (1.0 mmol) of2,6-dimethylpiperidine, 0.23 ml (1.5 mmol) pinacolborane (crimson 

solution) and 261 mg (I.OS mmol) 1-iodo-3,4-methylenedioxybenzene. The crimson 

reaction solution was warmed to 80°C with stirring in an oil bath. Analysis of the reaction 

10 solution by gc, as described above, was carried out at intervals (see Table 19.1). The 

reaction is fast and is complete after 4 h reaction time. The initial reaction rate with 1 mmol 

of2,6-dimethylpiperidine as base exceeds that found using 3 mmol of 1rietbylamine (see 

Table 17 .3; catalyst not activated prior to reaction) and the final product distribution is 

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

15 mmol of2,6-dimethylpiperidine or 1 mmol of triethylamine is used as base. As n~ted above, 

dehalogenation in reactions using 1 mmol of triethylamine is considerable (23 % of peak. .· 

area in the gc is due to 1,3-benzodioxole) and the desired product, the pinacol ester of3,4-
• 

methylenedioxyphenylboronic acid is only 69 % of peak area. 

20 The results are different when 3 mmol of 2,6-dimethylpiperidine is used in the reaction. The 

reaction rate is reduced, especially after the first 1 to 2 hours (see Table 19.2). The results 

suggest that in situ catalyst activation may be initially enhanced using 2,6-

dimethylpiperidine but excess of this base also retards the reaction. Dehalogenation occurs 

predominantly during the earlier part of the reaction. 

25 

Table 19.1. Rate of product formation on reaction of 1-iodo-3,4-methylenedioxybemene 

with pinacolborane at 80°C, catalyst PdClz( d,Ppt).CllzC~ base 2,6-dimethylpiperidine (1.0 

mmol). The concentrations are expressed in area% (uncorrected for response factors) 

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

30 times*. 
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Reaction 

Time(h) d' -o ::r::e-Q a-, 
1-Q-o o-, 

1!-Q--o 
i2 §70 120 1 ~ 8.7 

HH•Nl ... HllMllHtllNlilHllllHIHltlllHllHH•HHl!lltlHlllHHllHllltHIHllllllHMlllNl• .. tltHIHHUIHlftlllHHHHllllMl':ltllll!llMlllH•llHlltHllUIH .. 11 .. llllllHIHHllllHI 

2 I 8.4 i 4.3 142 . 144 
INIHl•1111111111111••111duuu1111111111111M"'""'""•"••••Hlt1MHllHtllHllllllHllllHNIMll.lll ... lllllllllllltHllHIUlllllllHlllll!llNIHllHN•HtHIMIHIHIMldUhntN1tllhlH 

3 h.s ! 6.2 it 6 i 67 
lllAlllll .. IUlll ....... H ...... HllllHlllHHIHMllHltl.HH~llHl~ll .. llllllNIH ... IHHtllllllllltl11tllllHllWHNllHIUMNIHll"llllfttltHlllllHIHlllllllllMllllllllllHtllUHllMllHll 

4 h 1.5 16.5 . i 0.3 . i 80 
HlllllHIHHllHINllMIH1IMllllllhlllllHlllMffMtMSft~·!fff~h· ..... llf1HlllfftffnllfffffH~HilftfllldillflffftfN~lfllUfldHIHll"'!'fftlMNlllMlllllllHllllHllllltlHHllllllll••~ 

s ! 11.6 i 6.4 : 0 i 80 

* The reaction was quenched at the selected reaction time b~ addition of the aliquot of· 

reaction solution to a water/ethyl acetate mixture. 

Table 19.2. Rate of prodllci: fonnation on reaction of 1 :-iodo-3,4-.piethylenedioxybenzene 

with pinacolborane at .80°C, catalyst PdCl.i(dppf).Cl:lzCli. base 2,6-dimethylpiperimne (3.0 

mmol). The concentrations are expressed in area% (uncorrected for response factors) 

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

15 times*. 

Reaction 

Time(h) 

0 r-< I v-o ~-0. -0 
:...J.._ .B ~ /J 
I o 

.. o-, 
1-Q-o 

i : = i 1 e 8.9 il.3 5 69 ! 20 
.......................................................... ff1l1HHIHIMllNnlfflHlllllll1tlNlnt111111 ................................. n111ti11 ..................................................... .. 

20 2 I 9.2 I 2s I 49 bs 
1111•u11111111111t11111t1d111111111111111111•111tnn111111111111N1111n•t1Ht111n1n1111t1111111111.aH11HR1n•••H•M1111111"w111111nll111H11t11111n11M11fftn11111111111 .. 111t1N•N11• 

3 i 9.6 · h.s · bJ · · ~ 53 · 
_ ....... UIHHrtr~r·· .......................... , ............................................. ! ........................... n ........... "!-.................................. H ...... fll•lllMI 

4 it 1 i 5.1 ! 25 ; 58 
dMIHHIHHM"N1n1111111ntnM11 .. 1tt••:tNHHtHi1111111t1ttHllMIHHlt1HHl .. tHHINH1t1•1;11a11111ttMttttltHHl•1t11111111111H1111tllllltlllllHl"llHH .... lllllll ... HHlllllt•ll 

s no ! s.6 ns ; 66 
NllllllfflHllltHtlHHIHllHHlllllllllHffl .. tlllllllltll!llHIHH .... llllllltlHlllllHHllHIMlllttl!ltllllllHIHHlitllllMllllttllllllQllU!"tllMllllHltlllMllllllttHIHHl•tllllll•llUIP 

6 HO §S.9 · H3 i71 
25 25.5 i 12 

i 
: 6.1 i 2.2 

* The reaction was quenched at the selected reaction time by addition of the aliquot of 

reaction solution to a water/ethyl acetate mixture. 
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Example20 

Other Palladium catalysts 

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

(i) 

To 24.7 mg PdCI2[(PPhz(CHJ,PPhJ in a reaction tube under nitrogen was added 4 ml 

dioxane and 0.43 ml (3.0 mmol)oftriethylamine. The mixture was heated at 80°C to give 

an orange coloured solution which still contained solids, presumably 

PdCJi[(PPhz(C~),PPhJ. To this mixture, at room temperature, were added 0.23 ml (1.5 . 

15 mmol) pinacolborane (solution became brown but still contained insolubles) and 255 mg . 

(1.03 mmol) 1-iodo-3,4-methylenedioxybenzene. The reaction solution was warmed to 

80°C with stirring in an oil bath. Analysis of the reaction solution by gc, as described 

above, was carried out at intervals (see Table 20.1). The reaction was complete after Sh 

reaction time. The reaction solution was a bright crimson colour at the completion of the 

20 reaction and the only solids present on cooling to room temp. appeared to be the 

triethylamine salt. The amount of pinacol ester of phenylboronic acid formed is low with 

PdCl.i[(PPhz(CHJ,PPhJ as catalyst and forms only later in the reaction. 

Table 20.1. Rate of product formation on reaction of 1-iodo-3,4-methylenedioxybenzene 

25 with pinacolborane at 80°C. The catalyst PdC~[(PPhz(~),PPhJ was heated with the base 

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

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

solution taken at selected reaction times*. 
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Reaction Time cf? :to· -Q o-, =r-oo/ (mins) .B ~ A 1--d-o I o B -o o· 

5 lo lo i99 It 

5 

ltlll-HINllllllH•t11tlllHlllMll!lnllnHHIHlllNlllt1HltlMl;IHllHll ... llHNMHIMIMINIHHHIHlllll;llltllHll .. HHtlMIHH~MlllllHllll ... HHHnuHUlllHMMtHllHINNllHIHH•HI ... 

15 10 10 i90 . 110 
....... - .......... ""''"'''""'' ..................... " ......................... HllNNIQIHHIHIHllllMIUIHrii111111111111t1llllNIHHlllHHHHllHlllHlln1N111HNIUIHHIHINH1HlllltlNllllU-

i : ;; i 

·~~"'"'""'"""""'""'"'"'l·i:i"""''"""'"""''t~""'"" .. """'"""'""""""'~"1·~~ ................ -"'"""'-·i·~~ ........................................... 
1111• .... •NllftlHHIMn1Hu1111 ..... t .................... u ................ n1NftlnfftftU1 ....... n11 ........ ,. ... !'"'""'"''""''""'9!"'"' ... '"""!"'"••11-HHllHllHH•11n••n• ... HtlllllHI 

150 : 7.1 H.8 i 13 i 78 
!11HtlMHIMIHM .. lllllHllNIMHl•li"IHMtllllllltllHHllHltlll .. llllHlllHHIHIMINHllllllllllllllHlllUllHllllllHllllHHltlllll ... HINllllNllflHNl ... ltllMIHn•111•111111M1n .. MlnlHH ... I 

210 §7.9 i 2.1 b.5 · , h6 
i 9.3 i2.4 

I hs 300 10 
10 * The reaction was quenc~d at the selected reaction time· by addition of the aliquot of 

reaction solution to a water/ethyl acetate mixture. 

(ii) · PdC!i[(PCyJJ 

15 To 24.4 mg PdCl2((PCyJJ in a reaction tube under nitrogen was added 4 ml dioxane and . 

0.43 ml (3.0 mmol) of triethylamine. The Diixture was heated at 80°C to give an lime-green 

coloured solution which still contained solids, presumably PdCl2[(PCy,)J_ To this mixture, 

at room temperature, were added 0.23 ml (1.5 mmol) pinacolborane and 247 mg (l .O mmol) 

1-iodo-3,4-methylenedioxybenzene. The reaction sollltion was warmed to 80°C with 

20 stining in an oil bath. Analysis of the reaction solution by gc, as described above, was 

cmied out at intervals (see Table 20.2). After the initial hour reaction period, the reaction 

rate increased sharply and the reaction was essentially complete after 3.5 hours. 

Solubilisation and activation of the catalyst appears to occur over the first hour of heating 

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

25 the reaction and the catalyst is all dissolved at the end of the reaction. Importantly, the 

absence of phenyl groups on the catalyst gives a product which is not contaminated by the 

pinacol ester of that particular phenylboronic acid. This eliminates the major difficulty in 

the purification of the product arylboronic acid ester or, in the case of"one-pot" coupling 

reactio~ it eliminates the need to separate a biaryl mixture. 

30 
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Table 20.2. Rate of product fonnation on reaction of 1-iodo-3,4-methylenedioxybenzene 

with pinacolborane at 80 °C. The catalyst PdCl2[(PCy,)J was heated with the base 

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

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

5 solution taken at selected reaction times*. 

10 

15 

20 

Reaction Time 0 :to. -0 o-, 0 

d' to.-o/ (mins) -o I o·e ~ II 1-Q-o B -0 o·. 

6 lo ~ o i98 h 
......................................... H ............................ " .............. nn111111t1111•HIMHlllH .. IMllHHllN4IHllHllllllllllllHlllHlll1111ne111111nt11t1111HIHllHn ................. 

16 ~ o Io i 98 · I 2 . .-
....................................... t ............................... = ............................................ 191111111u11111111111MlllllllHllMIMlhl91ll11H1lllHn111111:--•~l!IH~llNt11_., ............... 

31 j 0 i 0 i 97 i 3 -
..................................... ~!••MllllllNlll-INllllHIH!•H•t1••t1•111 .. n•••••M•tHlffl ............................................... , ... n ................ ~ ....... n ... ~ .... ~~H!JUllll 

60 i 0 i 0 ; 92 i 8.3 . . 
..................... HllllHlllHH•tl!fflllllltlltllHIMllllllllHtll!IHnHHUIHllllllllllllllllllllHlllllHHli•1111u1tH•MHNlllllHllHllHIUHltl1•••11•11•11N11n1.111n111~11111n1111n11 ......... 

150 ~.S hl D.9 I 0 i 29 I 67 . · 
............ llHHIH .............................................. ! ........................... u .. 11111111n1111!••n1HllHIHHMHIHtlllllHHlll .. l11'!••11•tHllHHtfll.H~l.!1t11Htn1HHINllHt .... N 

210 (3.S h) i 9.6 i 0 il.7 h9 . . 
i 11 

• io i 89 300 (Sh) 10 
• The reaction was quenched at the selected reaction time by addition of the aliquot of 

reaction solution to a water/ethyl acetate mixtUre. 

6.8 mg ofPd(OAc)2 (0.03 mmol) and 13 mg (0.03 mmol) ofbis{l,2-

diphenylphosphino )ethane were placed in a reaction tube under nitrogen together with 4 ml 

of dioxane and 0.45 ml of triethylamine. The tube was heated in an oil bath at 80°C for 15.S 

hand the solution became reddish in colol.ll". Then added at room temperature 267 mg (1.08 

25 mmol) of l-iodo-3,4-methylenedioxybenzene and 0.23 ml (1.5 mmol) of pinacolborane. 

30 

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

92 % of the total peak areas due to the desired product. 
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Example21 

Larger scale (0.3SM) synthesis of N-[4-(4,4,S,S-Tetramethyl-l,3,2-dioxaborolan-2-

yl)phenyl]acetamide 

from p-iodoacetanilide in the presence of dimethyl sulfide using pinacolborane prepared 

from the methyl sulfide adduct of BH3• 

The catalyst amount in this reaction was reduced to approx. 1/35 that used in the small 

scale reactions. The molar ratio of catalyst : iodide :; pinacolborane : . NEt;; is 1 : 1150 : 

1500: 2933. The amount ofpinacolborane was 1.25 equivalents compared to the iodide~ 

The pinacolborane was made from BH3.SMei by reaction With pinacol in dioxane. 50 ml. 

1 S of BH3.SMei were dissolved in 100 ml of dioxane in a 1 L Scblenk flask. . To this. was 

added dropwise 63.0 g of pinacol in 140 ml dioxane~ After the addition was c0mplete the 

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

BH3.SM'2· The solution contained a little white precipitate. 

20 The catalyst was activated prior to use by heating 1500 mg of PdCli(dppfj.CH2Cl2 with 30 

ml of triethylamine in 370 ml dioxane at 80°C from for 7 .Sh. 67 ml of this dark brown 

solution was used in the reaction. 

25 

NHCOCH3 

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

(352.5 mmol) p-iodoacetanilide and then 67 ml of the catalyst solution. The reaction 
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solution was placed in the oil bath at 80°C. The solution became clear and pale brown in 

colour and after about 1 to 2h, a precipitate of the amine.HI salt separated. After 5h the 

reaction was over 90% complete. Heating was continued for several ~ore hours after 

which no starting material was observed, by gc, to be in the reaction solution. The 

S reaction product in a number of such reactions was always over 90% by gc, the only side 

product observed was acetanilide. No phenylboronic acid pinacol ester were seen in the 

gc unless very strong solutions were employed. 

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

10 temp. The excess pinacolborane was destroyed with dry methanol. After reducing the 

volume of the reaction solution, the product was precipitated with petroleum ether. The 

dark coloured impurity in the product was removed by passing a solution of the product in 

toluene through a short column of Merck type 9385.1000 silica gel 60. The product was 

obtained as a white solid, mp> 162°C from toluene. 

IS 

20 

The presence ofborane methyl sulfide complex in these reactions does not stop the 

reaction from progressing. It can retard rate of the reaction somewhat but indications are 

that it can retard, especially with certain substrate, the dehalogenation reaction to a greater 

extend than the boronation reaction· and so lead to an increase in product yield. 

Example22 

Use of diethoxyborane in the boronation of aryls. 

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

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

reagents for this reaction. 

30 
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Synthesis of Diethyl l,3-benzodioxol-5-ylboronate 

To 25.2 mg of Pd~(dppt).CH2C:ii in a reaction tube under nitrogen was added 4 ml 

dioxane and 0.45 ml (3 mmol) triethylamine. The solution was heated at 80°C for 18.5 h 

to .activate the catalyst. 

10 A solution of HB(0Et)2 was made by adding 0.19 ml ethanol in 2 .ml dioxane to a solution 

of o~ 15 ml of a 10 M solution of BH3.SMez in 2 ml dioxane with cooling to a little above 

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

Attei' adciirig 281 mg (1.13 mmol) 1-iooo-3,4-inethylenedioxybenzene to the catalyst 

15 solution followed by the HB(OEt)2 solution the reaction mixture was warmed to 80°C in 

an oil bath. 

The progress of the reaction was followed by removal of a series of samples of the 

reaction solution, and treating. these with an ethyl acetate solution of pinacol and extracting 

20 with 10% brine solution. This work-up procedure converted the arylboron product species 

to its pinacol ester, a convenient molecule for gc identification. The reaction proceeds 

quite rapidly, the area of the gc peak of 1-iodo-3,4-methylenedioxybenzene being reduced 

rapidly. being about half of the total peak areas after 1 h reaction time. When tested after 

23.5 h reaction time all the 1-iodo-3,4-methylenedioxybenzene had been consumecl and the 

25 major peak in the gc was that of the pinacol ester of the product. 

30 
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Example23 

Use of 1,3,2-dioxaborolane species, other than 4,4,5,5-tetramethyl-l,3,2-dioxaborolane, to 

prepare organylboronic acid esters. 

S 1-Iodo-3,4-methylenedioxybenzene was used as substrate to demonstrate these reactions. 

The catalyst was activated (see below) PdC12[ dppf] and the 1,3,2-dioxaborolane species were 

prepared ftom the appropriate diol and BH3.SMe2• The organylboronic acid esters reaction 

products, which were obtained in good to excellent yield, were identified by gc/ms. A 

typical reaction is that described for the formation of th.e species in which th.e diol used was 

10 phenyl-1,2-ethanediol. 

(i) 

15 

Synthesis of 5-( 4-phenyl-l,3,2-dioxaborolan-2-yl)-1,3-benzodioxole 

The 4-phenyl-1,3,2-dioxaborolalie was first prepared by reaction of 236 mg phenyl-

1,2-etbanediol (1.7 rnmol) with. borane dimethylsulfide adduct (0.15 ml, 1.5 mmol) 

20 in 2 ml of dioxane. A stock solution of th.e catalyst in dioxane was made by heating 

250 mg PdC12[dppf].C1IiC12 with. triethylamine (4.5 ml) at 800C for 20 h in 40 ml 

dioxane. To this solution was added 2.48 g (10 mmol) of 1-iodo-3,4-

m.ethylenedioxybenzene. 4.8 ml of this reaction solution was then placed in the 

reaction tube containing the borane ester. The mixture was heated for 20 h at 80°C 

25 and then an aliquot was removed, dissolved in some ethyl acetate containing a little 

of the diol and shaken with 10 % brine solution. After drying with MgS04, the gc 

was measured. One major peak, of retention time 15. 7 mins was fowtd. This was 

shown by gc/ms to be the desired product. 
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Other organylboronic acid esters prepared by the same route were: 

(ii) S-( 4,S-dimethyl-1,3,2-dioxaborolan-2-yl)-l,3-benzodio:xole 

s 

GC retention times 9.28 and 9.97 mins •. 

10 (iii) S-(4,5-diphenyl-1,3,2-dioxaborolan-2-yl)-1,3-benzodioxole 

. o-.., 
CeHsx°'·-0-· , ·. . e. .1. o. 

I '' 0 . CeHs · · · , '· · 
.. ··'IS. 

GC retention time 19. l mins. 

(iv) S-[4-(methoxymethyl)-l ,3,2-dioxaborolan~2-yl]-.1,3-benzodioxole 

20 

This ~erial lost the diol readily during the water washing of the gc sample. The aliquot of 

25 the reaction solution us.ed for the gc analysis was therefore treated with a solution of pinacol 

in ethyl acetate and then washed with water. The product was identified by gc/ms as the 

pinacol ester of the boronic acid. GC retention time 10.6 mins. 

30 
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(v) 5-tetrahydro-3aH-cyclopenta[clj(l,3,2]dioxaborol-2-yl-l,3-benzodioxole 

GC retention time 12.1 mins. 

Example24 

The use of 1,3,2-dioxaborinane species to prepare organylboronic acid esters. 

In the reactions below 1-iodo-3,4-methylenedioxybenzene was used as substrate. The 

reaction conditions including the activation of the catalyst and the synthesis of the borinane 

were the same as described in Example 23. The reaction products were identified by gclms. 

1 S (i) 5-(5,S-dimethyl-1,3,2-dioxaborinan-2-yl)-1,3-benzodioxole 

20 

· One major peak, of retention time· 11.5 mins, shown to be the desired produe4 was found. 

(ii) 5-(4,4,6-trimethyl-l,3,2-dioxaborinan-2-yl}-l,3-benzodioxole 

2:S 

GC retention time 11.3 mins. 

30 
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(iii) 5-( 4,4,6,6-tetramethyl-l,3,2-dioxaborinan-2-yl)-1,3~benzodioxole 

5 

GC retention time 11.6 mins. 

Example25 

10 Synthesis of organylboronic acid monoesters in which the boron is also attached to a 

nitrogen atom. 

15 

S:Ynthesis of 2-(l ,3-benzodioxol-5-yl}3-methyl-l,3,2-oxazaborolidine 

The reaction was carried out following the reactions described in Example 23 but using the 

aminoalcohol, 2-methylaminoethanol, instead of a diol. For the gc analysis pinacol was 

20 added to the ethyl acetate solution. One major peak of retention time 10.4 mins was found 

in the gc and this was identified by gc/ms as the pinacol ester of the arylboronic acid. . The 

required compound therefore is formed in good yield but is not stable towards hydrolysis 

during the aqueous extraction and forms the boronic acid. In the absence of added pinacol 

no peaks are observed in the gc analysis. 

25 

Examp1e26 

The fonnation of arylboronic acid esters with the chiral diol (1 S,2S,3R,5S)-(+) pinanediol. 

A stock solution of the borane (1 S,2S,6R,8S)-2,9,9-trimethyl-3,5-dioxa-4-

30 boratricyclo[6.1.1.02
•
6]decane was synthesised from the diol (1.96 g; 11.5 mmol) and 1.1 ml 

of BH3.SM~ solution (11 mmol) in 20 ml dioxane. A stock solution of the catalyst in 
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dioxane was made by heating 375 mg PdC!i[dj>pf].C~Cl2 with triethylamine (7 ml) at 80°C 

for 24 h in 68 ml dioxane. 5 mL of this brown solution, which contains about 25 mg of the 

catalyst and 0.47 ml oftriethylamine, was placed in a reaction tube cont!lining the substrate 

(1 mmol) wider an inert atmosphere. Then 1.2 ml of the borane solution was added and the 

5 reaction mixture heated to 80°C with stirring in a closed tube. The mixture was heated for 

24 h although the reaction times varied with the substrate using longer reaction times when 

the substrates carried deactivating substituents or when the halide was a bromide rather than 

iodide. An aliquot of the reaction solution was removed after 24 h reaction time and at 

longer times if the reaction was not complete, dissolved in some ethyl acetate and shaken 

10 with 10 % brine solution. After drying with MgS04, the gc was measured. The reaction 

products were identified by gc/ms. The following chiral compounds were obtained by this · 

procedure. 

(i) 2-[(1S,2S,6R,8S)-2,9,9-trimethyl-3,5-dioxa-4-boratricyclo[6.1.1.02.6]dec-4-

15 yl]benzonitrile 

q-~ 
CN 

20 The gc of the reaction solution had only one strong peak at 15.6 mins which was shown to 

be due to the desired product. 

(ii) (1S,2S,6R,8S)-4-(4-methoxy-2-methylphenyl)-2,9,9-trimethyl-3,5-dioxa-4-

boratricyclo[6.1.l.<>2·6]decane 

25 

The gc of the reaction solution had only one strong peak at 15.9 mins which was shown to 

30 be due to the desired product. 
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(iii) 2,6-dimethoxy-3-[(1S,2S,6R,8S)-2,9,9-trimethyl-3,5-dioxa-4-

boratricyclo[6.1. l .02.6]dec-4-yl]pyric:line 

The gc of the reaction solution had only one strong peak at 15.5 mins which was shown to 

be due to the desired product. 

(iv) (1S,2S,6R,8S)-2,9,9-trimethyl-4-(2,3,4-trimethoxyphenyl)-3,5-dioxa-4-

boratricyclo[ 6. l. I .02.6]decane 

The gc of the reaction solution had only one strong peak at 17.0 mins which was shown to 

be due to the desired product. 

(v) (1S,2S,6R,8S)-4-(2-methox.yphenyl)-2,9,9-trimethyl-3,5-dioxa-4-

boratricyclo[6. l .1.D2-6]decane 

The gc of the reaction solution had only one strong peak at 14.4 mins which was shown to 

be due to the desired product. 
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(vi) (1S,2S,6R,8S)-2,9,9-trimethyl-4-[2-(trifluoromethyl)phenyl]-3,5-dioxa-4-

boratricyclo[6.l .1.<>2-6]decane 

The gc of the reaction solution had only one strong peak at 12.4 mins which was shown to 

be due to the desired prod~t. 

(vii) (1S,2S,6R,8S)-2,9,9-trimethyl-4-(2-metb.ylphenyl)-3,5-dioxa-4-

boratricyclo[6.l.l.<>2-6]decane 

The gc of the reaction solution had only one strong peak at 13.5 mins which was shown to 

be due to the desired product. 

Example27 

The formation of arylboronic acid esters with the chiral diol (1R,2R,3S,5R)-(-) pinanediol. 

The borane (1R,2R,6S,8R)-2,9,9-trimethyl-3,5.;dioxa-4-boratricyclo[6.l.1.a2-6]decane was 

25 synthesised from the diol and BH3.SMe:z and reacted with aryl halides by the procedure 

described in Example 26. The reaction products were identified by gc/ms. 

(i) 2-[(1R,2R,6S,8R)-2,9,9-trimethyl-3,5-dioxa-4-boratricyclo[6.1.1.02-6]dec-4-

yl]benzonitrile 



5 
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~<~ 
CN 

The gc of the reaction solution had only one strong peak at 15.6 mins which was shown to 

be due to the desired product. 

(ii) (1R,2R,6S,8R)-4-(4-methoxy-2-methylphenyl)-2,9,9-trimethy1-3,5-dioxa-4-

10 boratricyclo[6.1.l.02
•
6]decane 

IS 

The gc of the reaction solution had only one strong peak at 15.9 mins which was shown to 

be due to the desired product. 

(iii) 2,6-dimethoxy-3-[(1R,2R,6S,8R)-2,9,9-trimethyl-3,5-dioxa-4-

20 boratricyclo[6.1.1.Q2.6]dec-4-yl]pyridine 

25 

30 

The gc of the reaction solution had only one strong peak at 15.5 mins which was shown to 

be due to the desired product 
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(iv) (1R,2R,6S,8R)-2,9,9-trimethyl-4-(2~,4-trimethoxyphenyl)-3,5-dioxa-4-

boratricyclo[ 6.1. t .<>2-6]decane 

~ex<~ 
HaCO OCH3 

The gc of the reaction solution bad only one strong peak at 17.0 mins which was shown to 

be due to the desired product. 

(v) (1R,2R,6S,8R)-4-(2-methoxyphenyl)-2,9,9-trimethyl-3,S-clioxa-4-

boratricyclo[6.l.1.D2·6]decane 

q-B~ 
OCH3 

The gc of the reaction solution had only one strong peak at 14.4 mins which was sh.own to 

be due to the desired product. 

. (vi) (1R,2R,6S,8R)-2,9,9-trimethyl-4-[2-(trifluoromethyl)phenyl]-3,5-dioxa-4-

boratricyclo[6.1. l.02.6]decane 

The gc of the reaction solution had only one strong peak at 12.4 m.ins which was shown to 

be due to the desired product. 
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(1R).R,6S,8R)-2,9,9-trimethyl-4-(2-methylphenyl)-3,S-dioxa-4-
boratricyclo[ 6.1. I. 0 2.6]decane 

PCT/AU99/00967 

The gc of the reaction solution had only one strong peak at 13.5 mins which was shown to 

be· due to the desired product. 

10 ·Example 28 

Formation of the hydroxyphenylboronic acid pinacol esters using catalyst 

(PdC~[dppf].CH2Cl;J that had been activated by heating with triethylamine in dioxane prior 

to use in the reactions. 

15 Formation of2{4,4,5,S-tetramethyl-1,3,2-dioxaborolan-2-yl)phenol 

20 27 mg of PdC12[dppf].CH2Cl2 was placed in a reaction tube under nitrogen together with 4 

ml dioxane and 0.45 ml triethylamine. The mixture was heated at 80°C for 17 h to give a 

brownish solution. To this solution was then added 224 mg (1 ;02 mmol) of 2-iodophenol 

and 0.4 ml (2. 7 mmol) pinacolborane (HB(pin)). The reaction mixture was heated with 

stirring to 80°C and was followed by gc and the products identified by gc/ms. The gc 

25 solutions were prepared by washing an aliquot of the reaction solution dissolved in ethyl 

acetate containing some pinacol with acidified water and then with brine (twice) and dried. 

After 2· h reaction, the desired product peak in the gc was of area % 74. The reaction was 

complete after 6 h with very little phenylboronic acid pinacol ester formed. 

30 
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Formation of 3-( 4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-yl)phenol 

The above reaction procedure used for 2-iodophenol was followed. The reaction was faster, 

being complete before the first sample for gc analysis was withdrawn after 1 h 50 min 

reaction time. The amount of phenylboronic acid pinacol ester was higher than in the 2- . 

iodophenol reaction (around 7 %). 

Formation of 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenol 

H-0-\:t 
The above reaction procedme used for 2-iodophenol was followed. The reaction was also 

faster, being again complete before the first sample for gc analysis was withdrawn after 1 h 

50 min reaction time. The amount of phenylboronic acid pinacol ester was about that found 

20 in the 3-iodophenol reaction. The reaction in which 4-bromophenol is used as substrate is 

slower but does· go to completion. Pinacolborane prepared in situ from the dimethylsulfide 

adduct of borane can also be used with both the 4-bromophenol and 4-iodophenol. 

Example29 

25 Reaction of an aryl aldehyde to give the boronic acid ester. 

Formation of3,4-dimethoxy-5-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-yl)benzaldehyde 

30 ~ 
OHC 
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25 mg of PdC~[ dppfj.CH2Cl2 was placed in a reaction tube under nitrogen and added 4 ml 

dioxane and 0.45 ml triethylamine. The mixture was heated at 80°C for 19 h to give a 

brownish solution. To this solution was then added 0.4 ml (2.7 mmol) pjnacolborane and 

393 mg (1.35 mmol) of 3-iodo-4,5-dimethoxybenzaldehyde. The reaction mixture was 

5 heated with stirring to 80°C and was analysed by gc after 16.5 h.and the products identified 

by gc/ms. The reaction was complete and the product distribution, as gauged by gc peak 

areas, was desired product 89 %, dehalogenated species 7 % , ~g iodide I % and 

phenylboronic acid pinacol ester 2 %. 

10 Example 30 

Formation of the carbethoxyphenylboronic acid pinacol esters using catalyst 

(PdC12[dppt].CH2Cl2) that had been activated by heating with triethylamine in dioxane prior 

to use in the reactions. 

15 Formation of ethyl 2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzoate 

20 25.S mg of PdC12[dppf].CH2Cli was placed in a reaction tube under nitrogen and added 4 ml 

dioxane and 0.45 ml triethylamine. The mixture was heated at 80°C for 23 h to give a 

brownish solution. To this solution was then added 286 mg (1.04. mmol) of ethyl 2-

iodobenzoate and 0.23 ml (1.6 mmol) pinacolborane. The reaction mixture was heated with 

stirring to 80°C for 16.5 hand then analysed by gc and the products identified by gc/ms. 

25 The gc solutions were prepared by washing an aliquot of the reaction solution dissolved in 

ethyl acetate with water and dried. The reaction was :finished, the desired product peak in 

the gc had an area of 84% with the only other significant peak being that due to the 

dehalogenation product, ethyl benzoate (14 %). 

30 
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Formation of ethyl 3-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-yl)benzoate 

The above reaction procedure used for ethyl 2-iodobenzoate was followed. 'The reaction was 

finished, the desired product peak in the gc had an area of 79% with the only other 

significant peak being that due to the dehalogenation product, ethyl benzoate (16 %). 

1 O Formation of ethyl 4-( 4,4,5,5-tetramethyl-l ,3,2-dioxaborolan-2-yl)benzoate 

IS The reaction procedure used for ethyl 2-iodobenzoate was followed. After 80 ~-~on . 

time, the yield of product, by gc, was 44 % and the reaction was complete when analysed 

after24h. 

Example31 

20 Reaction of a phenol with a trialkyl borate prior to its reaction with an HB(OR)2 type species 

so that less of this reagent is required to form the borate ester of the phenol. 

In particular, in this example two equivalents of p-iooophenol is reacted with one equivalent 

of triethyl borate and the product is then reacted with 2A equivalents of pinacolborane. If 

the initial reaction with triethyl borate is omitted, at least four equivalents of the borane 

25 reagent is required for this reaction to proceed to completion. · 

Formation of 4-( 4,4,S,S-tetramethyl-1,3,2-dioxaborolan-2-yl)phenol 

30 
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440 mg (2 mmol) of p-iodophenol were placed in a Schlenk flask with 10 ml of dry benzene 

and 0.17 ml of triethyl borate (1 mmol). The solution was heated for 1.5 h llllder an inert 

atmosphere (argon) at 80 °C and then the benzene and ethanol formed were distilled off the 

product after raising the oil bath temperature to l 00 °C. To the liquid in the Schlenk was 

S then added 10 ml of activated catalyst (PdC12[ dppt].CH2ClJ solution, prepared as described 

in Example 26, followed by 0.35 ml (2.4 m.mol) of pinacolborane. No frothing indicating ~ 

evolution, which would suggest :free phenol groups, was observed. The reaction solution 

was then heated at 80°C for 7.5 h before removal of an aliquot for gc analysis. This sample 

was washed in ethyl acetate with 10 % brine as described elsewhere. Only two peaks were 

10 observed in the gc with retention time longer than 2 minutes and these corresponded to 

phenylboronic acid pinacol ester (area approx. 7 .5 %) and with the desired product 

contributing the remaining area (92.S%). 

Example32 

15 2-{l,2•Dimeth.yl-l-propenyl)-4,4,S,S-tetramethyl-l,3,2-dioxaborolane 

20 

In a reaction tube under nitrogen, a mixture of PdC~(dppt)CH2Cl2 (22 mg; 0.027 mmol) and 

trietbylamine (0.36 ml; 2.58 mmol) in dioxane (4 ml; dried over 4A sieves) was sealed and 

stirred at 80°C overnight (18h). After cooling to room temperature, l.29M HB(pin) in 

dioxane (1.00 ml; 1.29 mm.ol) and 2-bromo~3-methyl-2-butene (131 mg; 0.879 mmol) were 

25 added and the reaction mixture was stirred at so·c. GC analysis after 24 hours showed a 

new peak at 5.0 minutes which was identified by GC/MS as the desired borate compound. 

30 
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Example33 

l,3-Dimethyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2,4(1H,311)-pyrimidinedione 

10 In a reaction tube under nitrogen, a mixture of PdC12{ dppt)CH2Cl2 (22 mg; 0.027 mmol) and 

triethylamine {0.36 ml; 2.58 mmol) in dioxane (4 ml; dried over 4A sieves) was sealed and 

stirred at so·c overnight (18 hours). After cooling to room temperature, 1.29M HB(pin) in 
: .. 

clioxane (LOO ml; 1.29 mmol) and S-iodo-1,3-dimethyluracil (228 mg; 0.857 mmol) were 

added and the reaction mixture was stirred at so·c. oc analysis after 8 hours showed the 

15 desired borate compound at 20.3 minutes. 

20 

Example34 

2-(1,2-Dimethyl-1-propenyl)-4,4,5,5-tetramethyl-l,3,2-dioxaborolane 

25 In a reaction tube under nitrogen, a mixture of PdC12( dppf)CH2Cl2 (21 mg; 0.026 mmol), 

triethylamine (0.36 ml; 2.58 imnol), 2-bromo-3-methyl-2-butene (132 mg; 0.886 mmol), 

1.29M HB(pin) in dioxane (1 ~00 ml; 1.29 mmol) and N-methylacetamide (39 mg; 0.53 

mmol) in dioxane ( 4 ml; dried over 4A sieves) was sealed and stirred at so·c. GC analysis 

after 24 hours showed formation of the desired alkenylborate compound which was also 

30 identified by GCJMS. 
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Example35 

4,4,5,5-Tetramethyl-2-(l,2,2-triphenylvinyl)-l,3,2-dioxaborolane 

PCT/AU99/00967 

Jn a reaction tube under nitrogen, a mixture of PdC12(dppf)CH2Clz (21 mg; 0.026 mmol) and 

10 trietbylamine (0.36 ml; 2.58 mmol) in dioxane (4 ml; dried over 4A sieves) was sealed and 

stirred at so·c overnight (lSh). After cooling to room temperature, l.29M HB(pin) in 

dioxane (l .00 ml; 1.29 mmol) and bromotriphenyletbylene (289 mg; 0.862 mmol) were 

added and the reaction mixture Was stirred at so·c. GC analysis after 24 hours showed a 

new peak at 16.9 minutes which Was identified by GCJMS as the desired alkenylbOrate 

15 compound. 

20 

Example36 

Ethyl (Z)-3-(4,4,S,5-tetmmethyl-1,3,2-dioxaborolan-2-yl)-2-propenoate 

1: 0 f\_] -Lo 
\===:/ \__ 

In a reaction tube under nitrogen, a mixture of PdCl2( dppf)CH2Clz (22 mg; 0.027 mmol) and 

25 triethylamine (0.36 ml; 2.58 mmol) in dioxane (4 ml; dried over 4A sieves) was sealed and 

stirred at so·c overnight (18h). After cooling to room temperature, 1.29M HB(pin) in 

dioxane (1.00 ml; 1.29 mmol) and ethyl cis-3-iodoacrylate (193 mg; 0.854 mmol) were 

added and the reaction mixture was stirred at so·c. GC analysis after 24 homs showed the 

desired borate compound at 8.4 minutes. GC/MS found [M-Etr. 

30 
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4,4,5,5-Tetramethyl-2-phenyl-l,3,2-dioxaborolane 

PCT/AU99/00967 

~a reaction tube under nitrogen, a mixture of PdC~(dppf)CH2Cl2 (23 mg; 0.028 mmol) and 

triethylamine (0.36 ml; 2.58 mmol) in dioxane ( 4 ml; dried over 4A sieves) was sealed and 

stirred at so·c overnight (18h). After cooling to room temperature, l.29M HB(pin) in 

10 dioxane (1.00 ml; 1.29 mmol) and phenyl trifluoromethanesulfonate (197 mg; 0.871 mmol) 

were added and the reaction mixture was stirred at 80°C. GC analysis after 4 days showed a 

new peak at 7.4 minutes which was identified by GCJMS as the desired phenylborate 

compound. 

15 Example 38 

20 

S-( 4,4,S,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)-l ,3-benzodioxole 

In a reaction tube under nitrogen, a mixture of PdC12(dppt)C!liC~ (22 mg; 0.027 mmol) and 

triethylamine (0.36 ml; 2.58 mmol) in dioxane ( 4 ml; dried over 4A sieves) was sealed and 

stirred at so·c overnight (18h). After cooling to room temperature, HB(pin) (0.18 ml; 1.24 

25 mmol), 1-iodo-3,4-methylenedioxybenzene (216 mg; 0.871 mmol) and N-m.ethylacetamide 

(39 mg; 0.56 mmol) were added and the reaction mixture was stirred at so·c. GC analysis 

after 30 minutes showed a new peak at 11.1 minutes (Sl %) which was identified by GC/MS 

as the desired arylborate compound. 

30 
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Eumple39 

Ethyl 4-methoxy-3-( 4,4,S,S-tetramethyl-l ,3 ,2-dioxaborolan-2~yl)benzoate · 

OEt 

PCT/AU99/00967 

In a reaction tube under nitrogen, a mixture of PdC12( dppf)CH2Cl2 (24 mg; 0.029 mmol) and 

10. triethylamine {0.36 ml; 2.58 mmoJ) in dioxane (4 ml; dried over 4A sieves) was sealed and 

stirred at so·c overnight (18h). After cooling to room temperature, HB(pin) (0.18 ml; 1.24 

mmol) and ethyl 3-iodo-4-lriethoxybenzoate (266 mg; 0.869 mmol) were added and the 

reaction mixture was stirred at 80°C. GC analysis after 3 days showed anew peak at 14.6 

minutes which was identified by OC/MS as the de~red arylborate compound. 

15 

20 

Example40 

4,4,S,S-Tetramethyl-2-(2~thienyl)-l,3,2-dioxaborolane 

. In a reaction tUbe under nitrogen, a mixture of PdCl2(dppf)CH2Cl2 (21 mg; 0.026 mmol) and 

triethylamine (0.36 ml; 2.58 mmol) in dioxane (4 ml; dried over 4A sieves) was sealed and 

25 stirred at 80°C overnight (18h). After cooling to room temperature, HB(pin) (0.18 ml; 1.24 

mmol) and 2-iodothiophene (177 mg; 0.843 mmol) were added and the reaction mixture was 

stirred at so·c. GC analysis after 3 days showed a new peak at 7.4 minutes which was 

identified by GCIMS as the desired heterocyclic borate compound. 

30 
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Example41 

5-( 4,4,5,5-Tetramethyl-l,3,2-dioxabOrolan-2-yl)-1 ;3-benzodioxole 

rV<t 0 

In a reaction tube under nitrogen, a mixture of PdC!i(dppt)CH2Cl2 (23 mg; 0.028 mrnol), 

tiiethylamine (0.36 ml; 2.58 mmol» HB(pin) (0.19 ml; 1.31mmol),1-iodo-3,4- · 

methylenedioxybenzene (216 mg; 0.871 mmol) and N,N-dimethylacetamide (41mg;0.47 

10 mmol) in dioxane (5 ml; dried over4A sieves) was sealed and stirred at 80"C. GC analysis 

after 24 hours showed the reaction was complete and the desired arylborate compound bad 

formed (new peak at 11.2 minUtes}. 

Example42 

15 4,4,5,5-Tetramethyl-2-phenyl-l ,3,2-dioxaborolane 

20 

o-<t 
In a reaction tube under nitrogen, a mixture of PdC12(dppf)C~C~ (22 mg; 0.027 mmol), 

triethylamine (0.36 ml; 2.58 mmol), HB(pin) (0.19 ml; 1.31 mmol), phenyl 

trifluoromethanesulfonate (192 mg; 0.849 mmol) and acetanilide (61 mg; 0.45 mmol) in 

dioxane (4.5 ml; dried over.4A sieves) was sealed and stirred at so·c. GC analysis after 24 

25 hours shows the reaction to be complete and having formed the desired arylborate compound 

(new peak at 7.5 minutes). 

30 
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Example43 

4,4,S,S-Tetramethyl-2-{2,4;,6-trichlorophenyl)-1,3,2-dioxaborolane 

Cl 

Cl 

PCT/AU99/00!J67 

1n· a reaction tube under nitrogen, a mixture of PdCh(dppf)CH2CI2 (21 mg; 0.026 mmol) and 

triethylamine (0.34 ml; 2.44 mmol) in dio~e (2.S ml; dried over 4A sieves) was sealed and 

10 stirred at 80"C overnight (18h). After cooling to room temperature, HB(pin) (0.19 ml;.1.31 

mmol) was added followed by l-iodo-2,4,6-trichlorobenzene (267 mg; 0.869 mmol) in 

dioxane (2.5 ml; dried over 4A sieves). and the reaction mixture was stirred at so·c. GC 

amllysis after 18 hours showed a new peak at 12.5 minutes which was identifled by GC/MS 

as the desired arylborate compol,llld. 

15 

20 

Example44 

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

In a reaction tube under nitrogen, a mixture of PdC12(dppf)CH2Cl2 (21 mg; 0.026 mmol) and 

triethylamine (0.34 ml; 2.44 mmol) in dioxane (2.5 ml; dried over 4A sieves) was sealed and 

25 stirred at SO"C overnight (l8h). After cooling to room temperature, HB(pin) (0.31ml;2.14 

mmol) was added followed by methyl 2-acetamido-5-bromobenzoate (233 mg; 0.856 mmol) 

in dioxane (2.5 ml; dried over 4A sieves) and the reaction mixture was stirred at so·c. oc 
analysis after 18 hours showed a new peak at 16.4 minutes which was identified by GC/MS 

as the desired arylborate compound. 

30 
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Example45 

Phenyl[ 4-( 4,4,S,S-tetrameth.yl-1,3,2-dioxaborolan-2-yl)phenyl]methanone 

In a reaction tube under nitrogen, a mixture of PdC12( dppt)CH2Cl2 (21 mg; 0.026 mmol) and 

triethylamine (0.34 ml; 2.44 mmol) in clioxane (2.5 ml; dried over 4A sieves) was sealed and 

10 stirred at so·c overnight (18h). After cooling to room temperatilre, HB(pin) (0.19 ml; 1.31 

mmol) was added followed by 4-bromobenzophenone (233 ing; 0.869 mmol) in dioxane (2.5 

ml; dried over 4A sieves} and the reaction mixture was stirred at so·c. GC analysis ~er 18 

homs showed a new peak at 17.0 minutes which was identified by GC/MS as the desired 

arylborate compound. 

15 

20 

Exam.ple46 

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

HsCO 

In a reaction tube under nitrogen, a mixture of PdC~(dppf)CH2Cl2 (21mg;0.026 mmol) and 

triethylamine (0.34 ml; 2~44 mmol) in clioxane (2.5 ml; dried over 4A sieves) was sealed and 

25 stirred at so·c overnight (18h). After cooling to room teniperature, HB(pin) (0.19 ml; 1.31 

mmol) was added followed by l-iodo-2,4,6-trimethoxybenzene (253 mg; 0.861 inmoJ) in 

dioxane (2.5 ml; dried over 4A sieves) and the reaction mixture was stirred at so·c. GC 

analysis after 18 hours showed a single new peak at 14.2 minutes which was identified by 

OC/MS as the desired arylborate compound. 

30 
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Example47 

2-(4-Methoxy-3-methylphenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane 

PCT/AU99/00967 

Jn·a reaction tube under nitro~ a mixture of PdC~(dppf)C~Cl2 (21 mg; 0.026 mmol) and 

triethylmnine (0.34 ml; 2.44 mmol) in dioxane (2.S ml; dried over 4A sieves) was sealed and 

10 ~ at so·c overnight (l 8h). After cooling to room temperature, HB(pin) (0.19 ml; 1.31 

mmol) was added followed by .l-iodo-4-meth~xy-3-methylbenzene (215 mg; 0.867 mmol) in 

dioxane (2.S ml; dried over 4A sieve~) and the reaction mixture was stirred at so.·c. GC 
~· . . . ... . . . . . 

IS 

20 

analysis after 18 hours showed a single new peak at 11.4 minutes which was identified by 

GCIMS as the desired arylborate compound. 

Example48 

2-(2,4-Dimethoxyphenyl)-4,4,5,S-t~ethyl:-l,3,2-dioxaborolane 

In a reaction tube under nitrogen, a mixture ofPdC12(dppf)C~Cl2 (21mg;0.026 mmol) and 

triethylamine (0.34 ml; 2.44 mmol) in dioxane (2.5 ml; dried over 4A sieves) was sealed and 

25 stirred at so·c overnight (18h). After cooling to room temperature, HB(pin) (0.19 ml; 1.31 

mmol) was added followed by 1-iodo-2,4-dimethoxybenzene (227 mg; 0.860 mmol) in 

dioxane(2.S ml; dried over 4A sieves) and the reaction mixture was stirred at so·c. GC 

analysis after 2 days showed a new peak at 11.0 minutes which was identified by GC/MS as 

the desired arylborate compound. 

30 



W000/27853 PCT/AU99/00967 

-79-

.Example49 

2-(2-Methoxy-l-naphthyl)-4,4,5,5-tetramethyl-l ,3,2-dioxaborolane 

s 

l 0 In a reaction tube under nitrogen, a mixture of PdC12{dppf)CH2Cl2 (21 mg; 0.026 mmol) and 

1riethylamine (0.34 ml; 2.44 mmol) in dioxane (2.5 ml; dried over 4A sieves) was sealed and 

stitted at so·c overnight (18h). After cooling to room temperature, HB(pin) (0~19 ml; 1.31 

mmol) was added followed by 1-iodo-2-methoxy naphthalene (245 mg; 0.862 mmol) in 

dioxane (2.5 ml; dried over 4A sieves) and the reaction mixture was stirred at 80°C. GC 

15 analysis after 2 days showed the desired arylborate compound at 14.3 minutes. 

Example SO 

2-(2-Bromophenyl)-4,4,5,5-tetramethyl-l,3,2-dioxaborolane 

and 

20 4,4,5,5-Tetramethyl-2-[2-( 4,4,5,5-tetrametbyl-l ,3,2-dioxaborolan-2-yl)phenyl]-l,3,2-

dioxaborolane 

25 

In a :reaction tube under nitrogen, a mixture of PdCl2( dppt)CH2Cl2 (21 mg; 0.026 mmol) and 

30 triethylamine (0.34 ml; 2.44 mmol) in dioxane (2.5 ml; dried over 4A sieves) was sealed and 

stirred at so·c overnight (18h). After cooling to room temperature, HB(pin) (0.19 ml; 1.31 
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mmol) was added followed by l-bromo-2-iodo-benzene (245 mg; 0.866 mmol) in dioxane 

(2.5 ml; dried over 4A sieves) and the reaction mixture was stirred at so·c. GC analysis after 

2 days detected the monoborate at 8.9 minutes and the diborate at 12.9 ~inutes. 

5 Example 51 

10 

2-( 4-Bromopbenyl)-4,4,5,5-tetramethyl-l,3,2-dioxaborolane 

and 

4,4,5,5-Tetramethyl-2-[ 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]-1,3,2-

dioxaborolane 

Jn a reaction tube under nitrogen, a mixture of PdC12( dppf)ClliCl2 (21 mg; 0.026 mmol) and 

triethylamine (0.34 ml; 2.44 mmol) in dioxane (2.5 ml; dried over 4A sieves) was sealed and 

stirred at so·c overnight (18h). After cooling to room temperature, HB(pin) (0.19 ml; 1.31 

mmol) was added followed by l-bromo-4-iodobenzene (242 mg; 0.855 mmol) in dioxane 

15 {2.5 mi; dried over 4A sieves) and the reaction mixture was stirred at so·c. GC analysis after 

18 hours showed the monoborate at 8.8 minutes and the diborate at 13.7 minutes. 

Example52 

2-(4-Cblorophenyl)-4,4,5,5-tetramethyl-l,3,2-dioxaborolane 

20 

25 In a reaction tube under nitrogen, a mixture of PdC12{dppt)CffzCl2 (21mg;0.026 mmol) and 

trietbylamine (0.34 ml; 2.44 mmol) in dioxane (2.5 ml; dried over 4A sieves) was sealed and 
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stirred at 80"C overnight (18h). After cooling to room temperature, HB(pin) (0.19 ml; 1.31 

mmol) was added followed by 4-chloro-iodobenzene (209 mg; 0.876 mmol) in dioxane (2.5 

ml; dried over 4A sieves) and the reaction mixture was stirred at so·c. QC analysis after 18 

hours showed the desired borate compound at 7.7 minutes. 

Example53 

4,4,S,S-Tetramethyl-2-[4-(trifluoromethyl)phenyl]-1,3,2-dioxaborolane 

In a reaction tube under nitrogen, a mixture of PdClz( dppf)C~Clz (21 mg;· 0.026 mmol) and 

triethylamine (0.34 ml; 2.44 mmol) in dioxane (2.5 ml; dried over 4A sieves) was sealed~ . 

15 stirred at so·c overnight (18h). After cooling to room temperature, HB(pin)(0.19 ml; 1.31 

mmol) was added followed by 4-iodobenzotritluoride (235 mg; 0.864 mniol) in dioxane (2.S · 

ml; dried over 4A sieves) and the reaction mixture was stirred at so·c. GC analysis after 18 

hours showed the desired borate compound at 5.0 minutes. 

20 Example 54 

25 

4-( 4,4,S,S-Tetramethyl-1,3,2-dioxaborolan-2-yl)-lH-pyrazole 

In a reaction tube under nitrogen, a mixture of PdC'2(dppf)CH2C'2 (21 mg; 0.026 mmol) and 

triethylamine (0.34 ml; 2.44 mmol) in dioxane (2.5 ml; dried over 4A sieves) was sealed and 

stirred at so·c overnight (18h). After cooling to room temperature, HB(pin) (0.31ml;2.14 

30 mmol) was added .followed by 4-iodopyrazole (166 mg; 0.856 mmol) in dioxane (2.5 ml; 

dried over 4A sieves) and the reaction mixture was stirred at so·c. GC analysis after 18 
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hours showed the desired borate compound at 7 .4 minutes. 

Example SS 

3-( 4,4,S,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)benzylamine 

s 

IO 

·<* 07' 
In a reaction tube under nitrogen, a mixture of PdC!i(dppf)CH2Cl2 (21 mg; 0.026 mmol) and 

triethylamine (0.34 ml; 2.44 mmol) in dio~ (2.S ml; dried over 4A sieves) was sealed and 

~ at so·c overnight (18h). After cooling¥> room temperature, HB(pin) (0.3~ ml; 2.21 

mmol) was added followed by 3-iodobenzylamine (201 mg; 0.862 mmol) in dioxane (2.S 

15 ml; dried over 4A sieves) and the reaction mixture was stirred at 80°C. GC analy~is after 18 

hours showed the desired borate compound at 10.0 minutes. 

Example56 

4,4,S,S-Tetramethyl-2-(3,4,5-trimethoxyphenyl)-l,3,2-dioxaborolane 

20 

25 

H3CO /ot H3CO a, . 
. 0 

H3CO 

In a reaction tube under nitrogen, a mixture of PdCJ.i(dppt)C~Cl2 (21 mg; 0.026 mmol) and 

triethylamine (0.34 ml; 2.44 mmol) indioxane (2.5 ml; dried over 4A sieves) was sealed and 

stirred at 80°C overnight (18h). After cooling to room temperature, HB(pin) (0.19 ml; 1.31 

mmol) was added followed by 1"."bromo-3,4,S-trimethoxybenzene(213 mg; 0.862 mmol) in 

30 dioxane (2.5 ml; dried over4A sieves) and the reaction mixture was stirred at so·c. GC 

analysis after 18 hours showed the desired borate compound at 12.0 minutes. 
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Example57 

4,4,5,5-Tetramethyl-2-(3-thienyl)-l,3 ,2-dioxaborolane 

5 

In a reaction tube under nitrogen, a mixture of PdC12(dppf)CH2Cl2 (21 mg; 0.026 mmol) and 

10 triethylamine (0.34 ml; 2.44 mmol) in dioxane (2.5 ml; dried over 4A sieves) was sealed and 

stirred at so·c overnight (I Sh). After cooling to room temperature, HB{pin) (0.19 ml; 1.31 

mmol) was added followed by J;.bromothiophene (137 mg; 0.840 mmol) in dioxane (2.5 ml; 

dried over 4A sieves) and the reaction mixture was stirred at so·c. GC analysis after 18 

hours showed the desired borate compound at 5.1 minutes. 

15 

Example SS 

Methyl 4-methoxy-3-( 4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-yl)benzoate 

0 

20 

In a reaction tube under nitrogen, a mixture of PdCli(dppf)CH2Cl2 (21mg;0.026 mmol) and 

25 triethylamine (0.34 ml; 2.44 mmol) in dioxane (2.5 ml; dried over 4A sieves) was sealed and 

stirred at so·c overnight (1 Sh). After cooling to room temperature, HB(pin) (0.19 ml; 1.31 

mmol) was added followed by methyl 3-iodo-4-methoxybenzoate (251 mg; 0.859 mmol) in 

dioxane (2.5 ntl; dried over 4A sieves) the reaction mixture was stirred at so·c. GC analysis 

after 18 hours showed the desired borate compound at 13.0 minutes. 

30 
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Example59 

4,4,5,5-Tetramethyl-2-(2,3A,6-tetram.ethoxyphenyl)-l,3,2-diox.aborolane 

Ha CO 

OCH

3/'t 
B \ . 

OCH3 O 

PCT/AU99/00967 

Jn a reaction tube under nitrogen, a mixture of PdCl2( dppf)CH2Cl2 (21 mg; 0.026 mmol) and 

10 triethylamine {0.34 ml; 2.44 mmol) in dioxane (2.5 ml; dried over 4A sieves) was sealed and 

stirred at so·c overnight (18h). After cooling to room temperature, HB(pin) (0.19 ml; 1.31 

mD10l) was added followed by methyl-2,3,4,6-tetrametlioxyiodobenzene (274 mg; 0,.~45 . 

mmol) in dioxane (2.5 ml; dried over 4A sieves) the reaction mixture was stirred at,.so·c .... · 
GC analysis after 2 days showed the desired borate compound at 13.3 minutes. 

15 

20 

Example6Q 

N-[2-Methy1-4-{4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-yl)phenyl]acetamide 

In a reaction tube under nitrogen, a mixture of PdCI2{dppf)CH2Cl2 (21 mg; 0.026 mmol) and 

triethylamine (0.34 ml; 2.44 mmol) in dioxane (2.5 ml; dried over 4A sieves) was sealed and 

25 stirred at so·c overnight (18h). After cooling to room temperature, HB(pin) (0.19 ml; 1.31 

mmol) was added followed by 4'-bromo-2'-methylacetanilide (197 mg; 0~864 mmol) in 

diox.ane (2.5 ml; dried over 4A sieves) the reaction mixture was stirred at so·c. GC analysis 

after 2 days showed the desired borate compound at 14.5 minutes. 

30 
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Example61 

2-(6-Methoxy-2-naphthyl}4,4,5,5-tetramethyl-1,3,2-dioxaborolane 

OCH3 

PCT/AU99/00967 

In a reaction tube under nitrogen, a mixture of PdC!i(dppf)CH2Cl2 (21 mg; 0.026 mmol) and 

10 triethylamine (0.34 ml; 2.44 mmol) in dioxane (2~5 ml; dried over 4A sieves) was sealed and 

stirred at so·c ovemight(18h). After cooling to room temperature, HB(pin) (0.19 ml; l.31 · 

mmol) was added followed by 6-bromo-2-methoxynaphthalene (204 mg; 0.860 mmol) in 

dioxane (2.5 ml; dried over4A sieves) the reaction mixture was stirred at so·c .. oc analysis 

after 2 days showed the desired borate compound at 14.6 minutes. 

15 

20 

Example62 

2,4-Dimethoxy-5-(4,4,S,S-tetramethyl-1,3,2-dioxaborolan-2-yl)pyrimidine 

OCH, ;x 
N:r~-o'>\ . I . 

Ha~N .... 
In a reaction tube under nitrogen, a mixture of PdC!i(dppf)CHiCJ.i (21 mg; 0.026 mmol) and 

25 triethylamine (0.34 ml; 2.44 mmol) in dioxane (2.S ml; dried over 4A sieves) was sealed and 

stirred at so·c overnight (18h}. After cooling to room temperature, HB(pin) (0. l 9 ml; 1.31 

mmol) was added followed by 5-bromo-2,4-dimethoxypyrimidine (190 mg; 0.867 mmol) in 

dioxane (2.5 ml; dried over 4A sieves) the reaction mixture was stirred at so·c. GC analysis 
after 2 days showed the desired borate compound at 8.9 minutes. 

30 
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Example63 

2-(2-Fluoro[l ,l '-biphenyl]-4-yl)-4,4,5,5-tetramethyl-l ,3,2-dioxaborolane 

In a reaction tube under nitrogen, a mixture of PdCl2(dppt)CHzCl2 (21 mg; 0.026 mmol) and 

triethylamine (0.34 ml; 2 .. 44 mniol) in dioxane (2.5 ml; dried over4A sieves) was sealed and 

10 stirred at so·c overnight (18h). After cooling to room temperature HB(pin) (0.19 ml; 1.31 

mmol) was added followed by 4-bromo-2-fluorodiphenyl(213 mg; 0.848 mmol) in dioxane 

(2.S ml;. dried over 4A sieves) the reaction mixture was stirred at so·c. GC analysis after 2 

days showed the desired borate·compound at 19A· mhiutes. 

ts Examme 64 

3,4-biinethoxy-5-(4,4,S,5-tetramethyl-1~3,2-dioxaborolari.-2-yl)bell7.aldehyde 

20 ~3=>-:~i 
In a reaction tube under nitrogen, a mixture of PdC~(dppf)CH2Cl2 (21 mg; 0.026 mmol) and 

triethylamine (0.34 ml; 2.44 mmol) in dioxane (2.5 ml; dried over 4A sieves) was sealed and 

stirred at so·c overnight (18h). After cooling to roo~ temperature, HB(pin) (0.19 ml; 1.31 

25 mm.ol) was added followed by 3-iodo-4,S .. dimethoxybenzaldehyde (254 mg; 0.870 mmol) in 

30 

dioxane (2.S ml; dried over 4A sieves) the reaction mixture W8$ stirred at so·c. GC analysis 

after 2 days showed the desired borate compound at 13.2 minutes. 
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Example65 

2-( 4-MethOxy-l-naphthyl)-4,4,5,5-tetramethyl-l ,3,2;.dioxaborolane 

5 

In a reaction tube under nitrogen, a mixture of PdC12(dppf)CH2C~ (21 mg; 0.026 mmol) and 

10 triethylamine (0.34 ml; 2.44 mmol) in dioxane (2.5 ml; dried over 4A sieves) was sealed and 

stirred at so·c overnight (18h). After cooling to room temperature, HB(pin) (0.19 ml; 1.31 

mmol) was added followed by l-bromo-4-methoxynaphthalene (207 mg; 0.873 mmol) in· . 

dioxane (25 ml; dried over 4A sieves) the reaction mixture was stirred at so·c. GC analysis 

after 2 days showed the desired borate compolllld at 14.7 minutes~ 

15 

Example66 

4-[4-( 4,4,5,5-Tetramethyl-l,3,2-dioxaborolan-2-yl)phenyl]-l,3-thiazol-2-amine 

20 

In a reaction tube under nitrogen, a mixture of PdC~(dppf)C"1C~ (21 mg; 0.026 mmol) and 

25 triethylamine (0.34 ml; 2.44 mmol) in dioxane (2.5 ml; dried over 4A sieves) was sealed and 

stirred at so·c overnight (18h). After cooling to room temperature, HB(pin) (0.32 ml; 2.21 

mmol) was added followed by 2-amino-4-(4-bromophenyl)thiazole (213 mg; 0.858 mmol) in 

dioxane (2.5 ml; dried over 4A sieves) the reaction mixture was stirred at so·c. GC analysis 

after 2 days showed the desired borate compound at 17.5 minutes. 

30 
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Example67 

4,4,S,5-Tetramethyl-2-( 4-{[(.E)-3-methyl-1-butenyl]oxy}phenyl)-1,3,2-dioxaborolane 

5 

In.a reaction tube under nitrogen, a mixture of PdC~(dppf)CH2Cl2 (21 mg; 0.026 mmol) and 

IO triethylamine (0.34 ml; 2.44 mmol) in dioxane (2.S ml; dried over 4A sieves) was sealed and 

stirred at so·c overnight (18h). After cooling to room temperature, HB(pin) (0.19 ml; 1.31 

mmol) was added followed by J-brorno-4-((3-methylbut-2-enyl)oxy]benzene (209 mg; 0.867 

mmol) -in dioxane (2.5 ml; dried .. over 4A sieves).the reaction mixture was stirred atso·c. 
GC analysis after 2 .days showed ·the desired borate compound at 12.8 minutes. 

15 

20 

Exainple68 

1-[4'-(4,4,5,5-Tetramethyl-l,3,2-dioxa~rolan-2-yl)[l,1'-biphenyl]-4-yl]-1-ethanone 

In a reaction tube under nitrogen; a mixture of PdC12(dppf}CH2Cl2 (21 mg; 0.026 mmol) and 

25 triethylamine {0.34 ml; 2.44 minol) in dioxane (2.5 ml; dried over 4.Asieves) was sealed and 

stirred at so·c overnight (18h). After cooling to room temperature, HB(pin) (0.19 ml; 1.31 

mmol) was added followed by 4-acetyl-4'-bromobiphenyl (240 mg; 0.872 mmol) in dioxane 

(2.5 ml; dried over 4A sieves) the reaction mixture was stirred at so·c. GC analysis after 2 

days showed the desired borate compound at 17 .3 minutes. 

30 

i 
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Example69 

3-Bromo-6-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-yl)-9H-carbazole 

PCT/AU99/00967 

In a reaction tube under nitrogen, a mixture of PdCl2(dppf}CH2Cl2 (21 mg; 0.026 mmol) and 

1 O triethylamine (0.34 ml; 2.44 mmol) in dioxane (2.5 ml; dried over 4A sieves) was sealed and 

stirred at so·c overnight (18h). After cooling to room temperature, HB(pin) (0.32 ml; 2.21 

mmol) was added followed by 3,6-dibromocarbazole (281 mg; 0.865 mmol) in dioxane (2.5 

ml; dried over 4A sieves) the reaction mixture was stirred at so·c. GC analysis after 18 

hours showed the desired borate compound at 21.3 minutes. 

15 

Example70 

6-( 4,4,S,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)-2-naphthol 

20 

In a reaction tube under nitrogen, a mixture of PdC[z(dppf)CH2Cl.i (21 mg; 0.026 mmol) and 

25 triethylamine (0.34 ml; 2.44 mmol) in dioxane (2.5 ml; dried over 4A sieves) was sealed and 

stirred at so·c overnight (t8h). After cooling to room temperature, HB(pm) (0.32 ml; 2.21 

mmol) was added followed by 6,;.bromo-2-naphthol (189 mg; 0.847 minol) in dioxane (2.S 

ml; dried over 4A sieves) the reaction mixture was stirred at so·c. GC analysis after 18 

hours showed the desired borate compound at 16.0 minutes. 

30 
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Example71 

4,4-Dimethyl-2-( 4,4~,5-tetramethyl-1,3.2-dioxaborolan-2-yl)-2-cyclohexen-l-one 

In.a reaction tube under nitrogen, a mixture of PdC~( dppf)CH2Cl2 (21 mg; 0.026 mmol) and 

triethylamine (0.34 ml; 2.44 mmol) in dioxane (2.S ml; dried over 4A sieves) was sealed and 

10 stin'ed at so·c overnight (18h). After cooling to room temperature HB(pin) (0.19 ml; 1.31. 

mmol) was addedfollowed by 4,4-dimethyl-2-iodo-2-cyclohexenone (213 mg; o~ss2 mmol) 

in dioxane (2.5 ml; dried over4A sieves) the reaction mixiure was stirred at 80"C. GC 

analysis after 18 hours showed the desired borate compound at 9.2 minutes. 

15 Example 72 

20 

2~(4-Methoxyphenyl}4,4,5,S-tetramethyl-l ,3,2-dioxaborolane 

In a reaction tube under nitrogen, a mixture of PdC~(dppf)C:E~Cl2 (21 mg; 0.026 mmol) and 

triethylamine (0.34 ml; 2.44 mmol} in dioxane (2.S ml; dried over 4A sieves} was sealed and 

stirred at 80"C overnight (18h). After cooling to room temperature HB(pin) (0.19 ml; 1.31 

25 mmol) was added followed by 4-methoxybenzenediazoniQDl tetrafluoroborate (188 mg; 

0.847 mmol) in dioxane (2.S ml; dried over 4A sieves) the reaction mixture was stirred at 

so·c. GC analysis after 18 homs showed the desired borate compound at 12.0 minutes. 

30 
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Example73 

5-( 4,4,5,5-Tetramethyl-l ,3,2-dioxaborolan-2-yl)-l ,3-benzodioxole 

Jn.a reaction tube under nitrogen, a mixture of PdC12(dppf)CHiClz (24 mg; 0.029 mmol) and 

triethylamine (0.36 ml; 2.58 mmol) in dimethylsulphoxide (4 ml; dried over 4A sieves) was 

1 O sealed and stirred at so·c for 18 hours. After cooling to room temperature HB(pin) (0.19 ml; 

1.31 mmol) was added followed by l-iodo-3,4-methylenedioxybenzene (211. mg; 0.851 

mmol). The reaction mixtme was stirred at 80"C. GC analysis after 18 hours showed that the 

desired arylborate componnd had formed. 

15 Example 74 

20 

2-methoxy-4-( 4,4,5,5-tetramethyl-l ,3,2-dioxaborolan-2-yl)-phenol 

Solution 1: Pinacol (124.6g; 1.054 mol) in dry dioxane (200 ml) was stirred under N2 and 

allowed to equilibrate to RT. 

Solution 2: Borane-methyl sulphide complex (100 ml; 1 OM; 1.00 mol) in dioxane (250 ml) 

25 was stirred at RT under N2• 

Solution 3: PdCl2(dppt)CH2Cl2 (7.27 g; 8.90 mmol; 2 mole%) and NE~ (25.0 ml; 0.179 

mol) in dry dioxane (300 ml) was stirred at 80°C, under N2, overnight before cooling to 

room temperature. 

30 Solution 1 was transferred under N2 to a pressure-equalising dropping funnel and added to 

Solution 2 over 6h. Stirred at RT overnight before heating at 40-50°C for -Sh. After stirring 
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overnight at RT a white ppt had formed.~ (149 ml; 1.07 moJ) was added followed by 

slow addition of2-methoxy-4-bromophenol (91.6g; 0.451 mol). Finally, the activated 

catalyst (Solution 3) was added and the resultant dark brown solution was stirred at 100°C. 

GC analysis after 20 hours showed the desired borate compound at I I.I minutes (62%). 

Example ZS 

2-methoxy-5-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-yl)-phenol 

A solution ofpinacol (11.29g; 0.0955 mol) in dry dioxane (40 ml)~ added dropwise, over 

an hour, t~ a solution ofborane-methyl sulphide complex (9.0 ml; IOM; 0.090 mol) in 

I5 dioxane ( 40 ml) and stirred at RT under N2• To this solution was added HB(pin) (22.0 ml; .. 

O.I52 mol) and 2-methoxy-5 ... bromophenoJ (19.63g; 0.0967 mol) in dioxane (30 ml). This. 

solution was allowed to stir overnight at room temperature before being added, dropWise, to 

the activated catalyst [PdC12(dppt)CH2Cl2 (2.38g; 2.9I mmoI) and NE~ (40.0 ml; 0.287 mol) 

in dry dioxane ( 450 ml) heated at 80°C and allowed to cool to RT]. The reaction mixture 

20 was heated at 100°C. GC analysis after 18 homs showed the desired borate compound at 

I2.0 minutes. 

Example76 

2{ 4,4,5,5-Tetramethyl-l,3,2-dioxaborolan-2-yl)aniline 

25 

30 PdCI2(dppt)CHiC12 (26 mg; 0.032 mmol) and NE~ (0.43 ml; 3.09 mmol) in dry dioxane (4 

ml) was heated at 80°C ovemight and allowed to cool to RT. A solution of 2-bromoaniline 
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(181 mg; I.OS mmol) and HB(pin) (0.37 ml; 2.55 mmol) in 1.5 ml dry dioxane was stirred at 

RT overnight before being added to the activated catalyst above. The mixture was then 

heated at 80°C. GC analysis after 18 hours showed the desired borate compound at 9 .8 

minutes which was also identified by NMR. 

.Example77 

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

In a reaction vessel under argon, a mixture of a PdC12(dppf)CH2C~ (0.49g; 0.60~ mmol) and 

triethylamine (1.2 ml; 8.5 mmol) in dioxane (14.8 ml; dried over 4A sieves) was s~ed and 

1 S stirred at 80°C overnight (18h). After cooling to room temperature, HB(pin). (22 ml in 

dioxane; 1.38 M; 0.03 mol), triethylamine (8.5 ml; 0.06 mol) and l-iodo-4-nitrobenzene (5.0. 

g; 0.02 mol) were added and the reaction mixtme was stirred at 80°C. GC analysis after 23h 

showed a peak at 11.9 mins which was identified by HNMR as the desired compound. 

20 Ex:ample 78 

2-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-yl)phenol 

25 

OH 

0--« 
In a reaction vessel under argon, a mixture of a PdCl2( dppf)C~C~ (0. 71 g; 0.85 mmol) and 

triethylamine (1.8 ml; 12.9 mmol} in dioxane (20.2 ml; dried over 4A sieves) was sealed and 

stirred at 80°C overnight {18h). After cooling to room temperature, HB(p~) (267 ml in 

30 dioxane; 1.36 M; 0.363 mol), triethylamine (47 ml; 0.34 mol) and 2-iodophenol (25.0 g; 

0.114 mol) were added and the reaction mixture was stirred at 80 °C. GC analysis after 30h 
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showed a peak at 9.2 mins which was identified by 1H NMR as the desired compound. 

Example79 

S-( 4,4,S,5-tetrametbyl-1,3,.2-dioxaborolan-2-yl)-lH-indole 

5 

In a reaction vessel under argon, a mixture of a PdCl2(dppf)C"2Cl2 (3.12 g; 3.8 mmol) and 

I 0 triethylamine (8 ml; 57.6 mmol) in dioxane (90 ml; dried over KOH) was sealed and stirred 

at 80°C overnight (18h). After cooling to room temperature, HB(pin) {205 ml in dioxane; 

1.97 M; 0.404 mol), triethylamine:(46 ml; 0.33 mol) and 5-btomoindole (24.8 g; 0~126 mol) 

were added and the reaction mixtme was stirred at 80°C. OC analysis after 174h showed a 

peak at 14.2 mins which was identified by 1H NMR as the desired compound. 

15 

20 

Example SO 

2,6-dimethyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenol 

In a reaction vessel under argon, a mixture of a PdCl2(dppf)C"2Cl2 (1.32 g; 1.62 mmol) and 

triethylamine (3.2 ml; 23 mmol) in dioxane (40 ml; dried over 4A sieves) was sealed and 

25 stirred at 80°C overnight (18h). After cooling to room temperature, HB(pin){702 ml in 

dioxane; 1.38 M; 0.97 mol), triethylamine (135 ml; 0.97 mol) and 4-bromo-2,6-

dimethylphenol (65 g; 0.323 mol) were added and the reaction mixture was stirred at I 00°C. 

OC analysis after 14 days showed a peak at 11.6 mins which was identified by 1H NMR as 

the desired compound. 

30 
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Example 81 

4,4,S,S-Tetramethyl-2-(2-methylphenyl)-l ,3,2-dioxaborolane 

In a reaction tube under ni1rogen, a mixture of PdC~(dppf)~C~ (22 mg; 0.027 mmol) and 

triethylamine (0.36 ml; 2.58 mmol) in dioxane (4 ml; dried over 4A sieves) was sealed and 

10 stirred at so·c overnight (18h). After cooling to room temperature, HB(pin) (0.19 ml; 1.31 

mmol) and 2-iodotoluene (188 mg; 0.862 mmol) were added and the reaction mixture was 

stirred at 80"C. GC analysis after l 8h showed a peak at 6.45 mins which was identified by 

GC/MS as the desired borate compound. 

15 Example 82 

20 

4A,S,5-Tetramethyl-2-( 4-phenoxyphenyl)-1,3,2-dioxaborolane 

0o-0-aq 
In a reaction tube under nitrogen, a mixture of PdC~(dppt)~Cl2 (22 mg; 0.027 mmol) and 

triethylamine (0.36 ml; 2.58 mmol) in dioxane (4 ml; dried over 4A sieves) was sealed and 

stirred at so·c overnight (18h).After cooling to room temperature, HB(pin) (0.19ml; 1.31 

mmol) and 4-bromodiphenyl ether (216 mg; 0.865 mmol) were added and the reaction 

25 mixture was stirred at 80°C. GC analysis after 18h showed a peak at 13.84 mins which was 

identified by GC/MS as the desired compound. 

30 
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Example83 

N-[2-Fluoro-4-(4,4,5,5-tetramethyl-l,3,,2-dioxaborolan-2-yl)phenyl)acetamide 

In areactiontube.undernitrogen, a mixture of PdCI2(dppt)C~Cl2 (22 mg; 0.027 mmol) and 

triethylamine (0.36 ml; 2.58 mmol) in dioxane (4 ml; dried over 4A sieves) was sealed and 

10 stirred at so·c overnight (18h). After cooling to room temperature, HB(pin) (0.19 ml; 1.31 

mmol) and 4-bromo-2-fluoroacetanilide (199 .8 mg; 0.861 mmol) were added and the 

reaction mixture was stirred at so·c. GC analysis after S2h showed a peak at 12.64 mins · 

which was identified by GCIMS as the desired compound. 

15 Example 84 

20 

Ethyl 2-[4-(4,4,5;,5-tetramethyl-1;3,2-dioxaborolan-2-yl)phenoxy]acetate 

In a reaction tube-under nitrogen, a mixture of PdClz(4ppf)CH2Clz (22 mg; 0.027 mmol) and 

triethylamine (0.36 ml; 258 mmol)in dioxane ( 4 ml; dried over 4A • sieves) was sealed and 

stirred at so·c overnight (18h). After cooling to room tempera~ HB(pin) (0.19 ml; 1.31 

25 mmol) and ethyl-2-(4-bromophenoxy)acetate (223 mg; 0.861 mmol) were added and the 

reaction mixture was stirred at so·c. GC analysis after 52 h showed a peak at 13.35 mins 

which was identified by GCIMS as the desired compound. 

30 
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Example 85 

2-( 4-Bromophenyl)-4,4,5,5-tetramethyl-l,3,2-dioxaborolane 

In a reaction tube under nitrogen, a mixture of PdC~(dppt)CH2C~ (22 mg; 0.027 mmol) and 

triethylamine (0.36 ml; 2.58 mmol) in dioxane (4 ml; dried over 4A sieves) was sealed and 

stirred at so·c overnight (18h). After cooling to room temperatur~ HB(pin) (0.19 ml; 1.31 

10 mmol) and l.:.bromo-4-iodobenzene (244 mg; 0.862 mmol).were added and the reaction 

mixture was stirred at room temperature. 

GC analysis after 66h showed a peak at 8.63 mins which was identified by GC/MS as the 

desired compound. 

15 Example 86 

5-(4A,5,S-Tetramethyl-1,3,2-dioxaborolan;;,2-yl)-l,3-benzodioxole 

20 

In a· reaction tube under nitrogen, a mixture of PdC~(dppt)CH2Cl2 (22 mg; 0.027 mmol) and 

triethylamine (0.36 ml; 2.58 mmol) in distilled 1,2-dichloroethane ( 4 ml) was sealed and 

stirred at so·c overnight (18h). After cooling to room temperature, HB(pin) (0.19 ml; 1.31 

25 mmol) and 1-iodo-3,4-methylenedioxybenzene (21Smg;·0.867 mmol) were added and the 

reaction mixture was stirred at 4o·c. 

30 

GC analysis after l.25h showed a peak at 9.54 mins (7 2°/o) which was identified by GC/MS 

as the desired compound. 
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Example87 

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

. PCT/AU99/00967 

In-a reaction tube under nitrogen, a mixture of Pd°"2(dppt)C"2Cl2 (22 mg; 0.027 mmol) .and 

triethylamine (0.36 ml; 2.58 mn:lol) in distilled dimethoxyethane (4 ml) was sealed and. 

10 stirred at so·c .overnight .(18h). After cooling to room temperature, HB(pin) (0.19 ml; 1.31 

mmol) and l-iodo-3,4-methylenedioxybenzene (216mg; 0.870 mmol) were added and the 

reaction mixture was stirred at 4o·c . 

15 

20 

. , . . . 

GC analysis after l.25h showed a peak at. 9.61 mins (57.8%) which was identified by 
. ' ' . ·. ,. 

GC/MS as the desired compound. 

Examp~e88 .. 

S-(4,4,5,5-Tetramethyl-l,3,2-dioxaborolan-2-yl)-1,3-benzodioxole 

Jn a reaction tube under nitrogen, a mixture of PdCl.z(dppt)CHzCl.z (22 mg; 0.027 mmol) and 

triethylamine (0.36 ml; 2.58 mmol) in toluene (4 ml; dried over 4A sieves) was sealed and 

stirred at so·c overnight (18h). After cooling to room temperature, HB(pin) (0.19 ml; 1.31 

25 mmol) and 1-iodo-3,4-methylenedioxybenzene (214mg; 0.863 mmol) were added and the 

reaction nilirture was stirred at 4o·c. 

30 

GC analysis after l.25h showed a peak at 9.59 mins (39.5%) which was identified by . 

GC/MS as the desired compound. 
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Example89 

S-( 4,4,S,S-Tetramethyl-l ,3,2-dioxaborolan-2-yl)-l ,3-benzodioxole 

In a reaction tube under nitrogen, a mixture of PdC12(dppf)CH2Cl2 (22 mg; 0.027 mmol) and 

triethylamine (0.36 ml; 2.58 mmol) in dioxane (4 ml; dried over 4Asieves) was sealed and 

10 stirred at 80"C overnight (18h). After cooling to room temperature, HB(pin) {0.19 ml; 1.31 

mmol) and 1-iodo-3,4-methylenedioxybenzene {214 mg; 0.863 mmol) were added .and the 

reaction mixture was stirrCd at 4o·c. 

15 

20 

25 

30 

GC analysis after 1.2Sh showed a peak at 9.53 mins ( 46.1 %) which was identified by 

GC/MS as the desired compound. 

Example90 

3-(4,4,S,5-Tetramethyl-l,3,2-dioxaborolan-2-yl)aniline 

The experimental procedure described in Example 76 was repeated using 3-bromoaniline. 

The product was identified by GC and NMR methods. 
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Example91 

Synthesis of an arylboronic acid ester possessing an active hydrogen and the .coupling of this 

species with a second aryl halide in the one pot to form an asymmetric bjmyl. 

S Formation of N-[ 4'-{l ,3-benzodioxol-5-yl)phenyl]acetamide 

10 4-iodoacetanilide (262 mg; 1. mmol) were reacted at 80°C with 0.25 ml (1.8 mmol) of 

pinacolborane in a dioxane solution (S ml) containing 25 mg PdC12[dppfj.C~C~ and 0.45 

ml tf.iethylamine •. The catalyst had been activated by heating at 80°C for 24 h in dioxane 

with the triethylamine. GC ofthe:reaction solution showed that all the 4-iodoacetanilide had 

reacted to give the required boronic acid ester together with. some acetanilide and 

15 phenylboronic acid pinacol ester. After cooling to room temperature, 2 ml of ethanol were 

added to the reaction vessel to destroy the excess pinacolborane. After the liberation of 

hydrogen had ceased, 450 mg of~C03 and 281 mg (1 mmol) of 1-iodo-3,4-

methylenedioxybenzene were added and the reaction heated to 80°C for 18.S h. GC analysis 

on an aliquot of the reaction solution showed no arylboronic acid ester and a strong peak for 

20 the biaryl product at 17. 7 mins. 

Those skilled in the art will appreciate that the invention described herein is susceptible to 

variations and modifications other than those specifically described. It is to be understood 

that the invention includes all mch variations and modifications. The invention also 

25 includes all of the steps, features, compasitions and compounds referred to or indicated in 

this specification, individually or collectively. and any and all combinations of any two or 

more of said steps or features. 

Throughout this specification and the claims which follow, unless the context requires 

30 otherwise, the word "comprise", and variations such as "comprises" and "comprising"~ will 

be understood to imply the inclusion of a stated integer or step or group of integers or steps 

but not the exclusion of any other integer or step or group of integers or steps. 
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THE CLAIMS: 

1. A process for the synthesis of an aryl or alkene borate which comprises reacting: 

5 (i) an olefinic compound having a halogen or halogen-like substituent in a vinylic 

substitution position, or 

(ii) an aromatic ring compound having- a halogen or halogen-like substituent in a ring 

substitution position, said aromatic ring compound also having at least one 

1 O substituent which is reactive with organometallic compounds, ·· 

with a ·disubstituted monohydroborane, in the presence of a Group 8-11 metal· catalyst and 

a suitable· base. such that a borane· residue is introduced at the substitution position .. 

15 2. A process according to claim 1 wherein the disubstituted monohydroborane is. 

generated by reaction of a borane with an appropriate alcohol or amine, and ~ed without 

isolation. 

3. A process according to claim 2 wherein disubstituted monohydroborane is 

20 generated in situ. 

4. · A process according to claim 2 or claim 3 wherein the borane is a·polyhydroborane. 

S. A process according to claim 4 wherein the polyhydroborane is selected from 

25 sulphide and ether adducts of BH3• 

6. A process according to claim 5 wherein the polyhydroborane is selected from 

BH3:S(CH3)2, BH3:THF and BH3:1,4-oxathiane •. 

30 
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7. A process for covalently coupling organic compounds which comprises: 

(A) preparing an aryl or allcene borate by reacting 

(i) an olefinic compound having a halogen or halogen-like substituent in a 

vinylic coupling position, or 

(ii) an aromatic ring compound. having a halogen or halogen-like substituent in a 

ring coupling position,. said aromatic. ring compound also having at least one 

substituent which is reactive with organometallic compounds, 

· with a disubstituted monohydroborane, in the presence of a Group 8-11 metal· catalyst and 

. a suitable base, such that borane residue is introduced at said coupling position; and 

15 (B) reacting the aryl or alkene borate with an organic compound having a halogen or 

20 

25 

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

catalyst and a suitable base, whereby the ole:finic or aromatic ring compound is 

coupled to the organic compound via a direct bond between the respective coupling 

positions. 

8. A process according to claim 7 wherein the disubstituted monohydroborane is 

generated by reaction of a borane with an appropriate alcohol or amine. 

9. A process according to claim 8 wherein the borane is a polyhydroboqme. 

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

11. A process according to claim 10 wherein after preparation of the aryl or alkene 

borate, excess disubstituted monohydroborane is decomposed by adding a suitable proton 

30 donor compound. 

i11iiiiur· 
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12. A process according to claim 11 wherein the proton donor compound is selected 

from water, alcohols, acids and mixtures thereof. 

13. A process according to claim 7 for the preparation of symmetrical coupled products 

S wherein said disubstituted monohydroborane is contacted with two equivalents of said 

olefinic or aromatic ring compound to form an aryl or a1kene borate, which borate reacts 

with the remajning olef'mic or aromatic compound to form a symmetrical coupled product. 

14. · A process according to claim 10 or claim 13 wherein a second base is added after 

10 the formation of the aryl or alkene borate to cat.alyse or promote the coupling reaction. 

15 

20 

15. A process according to claim 7 wherein the organic compound having a halogen or. 

halogen-like substituent at a coupling position is different from the olefinic or aromatic 

ring compound such that the coupled product is unsymmetrical. 

16. A process according to claim 1 or claim 7 wherein the olefinic compound (i) iS a 

compound of formula I 

I 

where R1, R2 and R3 .are each independently selected from hydrogen, alk.Yl, alkenyl, 

alkynyl, aryl, heteroaryl, acyl, arylalk.yl and heteroarylalkyl (each of which may be 

optionally substituted), cyano, isocyano, formyl, carboxyl, nitro, halo, alkoxy, alkenoxy, 

25 aryloxy, benzyloxy, haloalkoxy, haloalkenyloxy, haloaryloxy, nitroalkyl, nitroalkenyl, 

Ditroalkynyl, arylamino, diarylamino, dibenzylamino, alkenylacyl, alkynylacyl, arylacyl, 

acylamino, diacylamino, acyloxy, alkylsulphonyloxy, arylsulpbenyloxy, heterocycloxy, 

arylsulphenyl, carboalkoxy, carboaryloxy, alkylthio, benzylthio, acylthio, sulphonamide, 

sulfanyl, sulfo, carboxy (including carboxylato), carbamoyl, carboximidyl, sultinyl, 

30 sulfinimidyl, sulfinohydroximyl, sulfonimidyl, sulfondiimidyl, sulfonohydroxim.yl, 

sulfamyl, phosphorous containing groups (including phosphinyl, phosphinimidyl, 
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phosphonyl, dihydroxyphosphanyl, hydroxyphosphanyl, phosphone (including 

phosphonato) and hydrohydroxyphosphoryl), alkoxysilyl, silyl, alkylsilyl, 

alkylalkoxysilyl, phenoxysilyl, alkylphenoxysilyl, alkoxyphenoxy silyl and arylphenoxy 

silyl. 

17. A process according to claim 1 or claim 7 wherein said substituent which is reactive 

with organometallic compounds is an active hydrogen containing substituent. 

18. A process according to claim 7 wherein the aryl or alkene borate is isolated prior to 

10 reaction with the organic compound. 

15 

20 

19. A p~ess according to claim 1 or claim 7 wherein the olefinic compound having a 

halogen-like substituent in a .vinylic substitution position. is prepared from a compound 

having a carbonyl group with a P-hydrogen. 

20. A process for the synthesis of an aryl or alkene borate which comprises reacting: 

(i) an olefinic compound having a halogen or halogen-like substituent in a vinylic 

substitution position, or 

(ii) an aromatic ring compound having a halogen or halogen-like substituent in a ring 

substitution position, 

with a disubstituted monohydroborane, in the pres~ of a Group 8-11 metal catalyst, a 

25 suitable base and a promoter such that a borane residue is introduced at the substitution 

position. 

21. A process according to claim 20 wherein the promoter is an amide. 

30 22. A process aCC9rding to claim 21 wherein the promoter is selected fromp-

iodoacetanilide, acetani1ide, acetamide and N-methyl acetamide. 

i11ii1iiUT · 
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23. A process according to any one of claims l, 7 or 20 wherein the Group 8-11 metal 

catalyst is activated with base(s) before the.disubstituted monohydroborane is contacted 

with the catalyst. 

5 24. A process according to claim 23 wherein said activation is achieved by heating the 

catalyst with the base. 

25. A process according to claim 23 wherein the base(s) includes an organic amine. 

1 O 26. A process according to claim 1 or claim 7 wherein the monohydroborane is a 

compound of formula: 

(RXhB-H 

15 where each X is independently selected from 0, S and NR 0 where R 0 is H, optionally .. 

substituted alkyl or optionally substituted aryl and each R is independently selected from· · 

optionally substituted alkyl and optionally substituted aryl or where -B(XR)2 represents a 

cyclic group of formula n 

20 

25 

where R' is optionally substituted alkylene, arylene or other divalent group comprising 

linked aliphatic or aromatic moieties and X is as defined above. 

u 

27. A process according to claim 26 wherein the disubstituted monohydroborane· is a 

dialkoxy hydroborane. 

28. A process according to claim 24 wherein the dialkoxymonohydroborane is selected 

30 from 4,4-dimetbyl-l,3,2-dioxaborinane, 4,4,6-trimethyl-1,3,2-dioxaborina.Jie, 4,4,6,6-

tetramethyl-l,3,2-dioxaborinane, 4,4-dimethyl-1,3,2-dioxaborolane, 4,4,5-trimethyl-1,3,2-
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dioxaborolane, 4,4,5•5-tetramethyl-1.3,2-diQxaborolane, 4-phenyl-1,3,2-dioxaborinane, n­

propanediolborane (1,3,2-dioxaborinane), S,5-cfu.nethyl-1,3,2-dioxaborinane, (4R,SR)-4,S­

bis(l-methoxy-1-methylethyl)-l ,3,2-dio~orolane, ( 4S,SS)-4,5-bis(l-methoxy-l­

methylethyl)-l,3,2-dioxaborolane, dinaphtho[2, 1-d: 1,2:f)[l,3,2]cliQxaborepine, (4R,SR)-3,4-

S dimethyl-5-phenyl-1,3,2-oxazaborolidine, ( 4$,SS)-3,4-dimethyl-5-phenyl-1,3,2-

oxauborolidine, ( 4R,SR)-3-isopropyl-4-methyl-5-phenyl-l,3,2-oxazaborolidine, (48,SS)-3-

isopropyl-4-methyl-5-phenyl-l ,3,2-oxamborolidine, ( 4R,SR)-4,S-dimethyl-l,3,2-

dioxaborolane, (48,SS)-4,5-dimethyl"'. l,3,~-dioxaborolane, (4R,SR)-4,5-diphenyl-l,3,2-. 

dioxaborolane, (48,SS)-4,S-diphenyl-1,3,2-dioxaborolane, (48)-4-(methoxymethyl)-l,3,2-

l 0 dioxaborolane, (4.R)-4-(methoxymethyl)-1,3,2-dioxaborolane, tetl'.ahydro-3aH­

cyclopenta[dj[l ,3,2]dioxaborole, 3-methyl.;1,3,2-oxamborolidine, · (6R)-4,4,6-trimethyl­

l ,3,2-dioxaborinane, (68)-4,4,6-trimethyl-1,3,2-dioxaborinane, hexahydro-1,3,2;. 

benzodioxaborole, ( 4R,5R)-4,S-bis(methoxymethyl)-1,3,2-dioxaborolane, ( 48,SS)-4,s .. . · 

bis(methoxymethyl)-1,3,2-dioxaborolane, (4R,5R)-4,5-dicyclohexyl-1,3,2-dioxaborolane 

15 (4S,5S)-4,5-dicyclohexyl-l,3,2-dioxaborolan.,, (SR)-4;4-dimethyl-5-phenyl-1,3,2-

dioxaborolane, (58)-4,4-dimethyl-5-phenyl-l,3,2-dioxaborolane, (4R)-4-phenyl•l,3-dioxa-2-

boraspiro[4.4)nonane, (48111111111 I 11 l,j(ttil u !Ill 1111111.1 !Ol l!ll!l I II I!!! II I I I I I l!!Ulb',SS)-4,S~bis(l­

methoxycyclopentyl)-1,3,2-dioxaborolane, (4R,SR)-4,S-bis(l-methoxycyclopenty1)-1,3,2-

dioxaborolane, diisopropyl ( 48,SS)-1,3,2-dioxaborolane-4,5-dicarboxylate, diisopropyl 

20 ( 4R,SR)-l,3,2-dioxaborolane-4,5-dicarboxylate, (1R,2S,6S, 78)-1, 10,10-trimethyl-6-phenyl-

3,S-dioxa-4-boratricyclo[S.2.1.02.6]decane, (IS,2R,6R,7R)-l,10,10-trimethyl-6-phenyl-3,5-

dioxa-4-boratricyclo[5.2.1.a2.6]decane, (3aR)-3a-methyl-3,3-di(2-naphthyl)tetrahydro-3H­

pyrrolo[l ,2-c ][1,3,2]oxazaborole, (3aS)-3a-methyl-3,3-di(2-naphthyl)tetrahydro-3H­

pyrrolo[l,2-c][l,3,2]oxa7.8borole, (3aR)-3,3-di(2-naphthyl)tetrahy~3H-pyrrolo[l ,2- .· 

25 c][l,3,2]oxa7.aborole, (3aS)-3,3-di(2-naphthyl)tetrahydro-3H-pyrrolo[l,2-

c ][l,3,2]oxazaborole, (4S,SS)-4,5-bis[(4R)-2,2-dimethyl-l,3-dioxolan-4-yl]-l,3,2-

dioxaborolane, (4R,SR)-4,S-bis[( 48)-2,2-dimethyl-1,3-dioxolan-4-yl]-1,3,2-dioxaborolane 

(2R}·2-{(4S,SS)-S-[(2R)-l,4-dioxaspiro[4.S]dec-2-yl]-1,3,2-dioxaborolan-4-yl}-l,4-

dioxaspiro[4.S]decane, (28)-2-{( 4R,5R)-5-[(ZS')-l ,4-dioxaspiro[4.S]dec-2-yl]-l,3,2-

30 dioxaborolan-4-yl}-1,4-dioxaspiro[4.S]decane, (4S,SS)-N4 JV4 P P-tetramethyl-1,3,2-

dioxaborolane-4,S-dicarboxamide, ( 4R,SR)-N4 JV4 ,N5 ,N5-tetramethyl-l ,3,2-dioxaborolane-
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4~-dicarboxamide, (1R,2~6S,8R)-~9,9-trimethyl-3,5-dioxa-4-

boratricyclo[6.1.l.02.6]decane and (1S,2S,6R,8S)~~9,9-trimethyl-3,5-dioxa-4-

boratricyclo[ 6.1. t .02·6)decane. 

S 29. A process according to any one of claims 1, 7 or 20 wherein the Group·S-11 metal 

catalyst comprises Ni, Pt or Pd. 

30. A process according to claim 29 wherein the catalyst is a palladium catalyst. 

10 31. A process acc0rding to claim 30 wherein the palladium catalyst is a palladium 

complex. 

32. A process according to claim 31 wherein the palladium complex is selected from · 

P~(dba)3, PdC4, Pd(0Ac)2, PdC4(dppf)C~Cl.i, Pd(PPhJ4 and related catalysts which ate · 

15 complexes of phosphine ligands, phosphite ligands, or other suitable ligands containing P · 

and/or N atoms for co-ordinating the platinum atoms. 

20 

33. A process according to claim 31 wherein the palladium complex is tethered on a 

solid support. 

· 34. A process according to claim 30 wherein.the palladium catalyst is selected from 

palladium black, palladium or carbon, palladium clusters, palladium clusters containing 

other metals and palladium in porous glass. 

25 35. A process according to claim 29 wherein the Group 8-11 metal catalyst is a 

platinum catalyst. 

36. A process according to claim 29 wherein the Group 8-11 metal catalyst is nickel 

catalyst. 

30 

37. A process according to claim 7 wherein the suitable base for coupling step B is 

·1iiiU 
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selected from the group consisting ofaryland alkylcarboxylates, fluorides, hydroxides 

and carbonates of Li, Na, K. Rb, Cs, ammonium, alkylammo~ Mg, Ca and Ba; 

phosphates, and arylphospbates of Li, Na, K. Rb and Cs; phosphate esters of Li, Na, K. 

Rb and Cs, phenoxides of Li, Na, K, Rb and Cs; alkoxides of Li, Na, K, Rb and Cs; and 

S thallium hydroxide •. 

31. A process of claim 7 wherein the suitable base for the coupling step is selected from 

caesium car~onate, potassium carbonate, potassium phosphate and alkali metal hydroxides. 

1 O 39. A process of claim 7 wherein one of said o1efinic or aromatic compound, and said 

15 

20 

25 

organic compound, is a polymer. 

40. A functionalis~ pol~ic solid when prepared in accordance with the ,process of 

claim39. . ... 

41. A process of claim 7 wherein. either the olefinic compound or aromatic ring,· or the 

organic compound, is chemically linked to a solid polymer support. 

42. An aryl or alkene borate prepared according to the process of claim 7. 

43. A process for preparing aryl or alk~ boronic acids including the step of subjecting 

an aryl or alkene borate of claim 42 to hydrolysis. 

44. A process for the synthesis of an aryl or alkene borate which comprises reacting 

(i) an olefinic compound having a halogen or halogen-like substituent in a 

vinylic substitution position, or 

(ii) an aromatic ring compound having a halogen or halogen-like substituent in a 

30 ring substitution position, 

.·This Sheet Has Been Replaced 
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with a disubstituted monohydtoborane, in the presence of a Group 8-11 metal 

catalyst and a suitable base such that a borane residue is introduced at the substitution 

position, 

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

10 

amine prior to contacting of the disubstituted monohydroborane with the catalyst. 

45. A process according to claim 44 wherein the treatment with the organic amine is 

conducted by heating the catalyst with the organic amine. 

46. A disubstituted monohydroborane selecied from the group consisting of ( 4R,SR)-

4,5-dimethyl-l ,3,2-dioxaborolane, ( 4S,SS)-4,5-dimethyl-1,3,2-dioxaborolane, 

( 4R,SR)-4,S-diphenyl-l,3,2-dioxaborolane, (4S,SS}4,S-diphenyl-l ,3,2-dioxaborolane, ' 

( 4S)-4-(methoxymethyl)-l ,3,2-dioxaborolaiie, ( 4R)-+(methoxymethyl)-l,3,~ioxaborolane, 

15 te1rahydro-3aH-cyclopenta(dj[l,3,2]dioxaborole, 3-methyl-1,3,2-oxazaborolidine, 

(6R)-4,4,6-trimethyl-1,3,2-dioxaborinane, (68)-4,4,6-trimethyl-l,3,2-dioxaborinane, 

hexahydro-1,3 ,2-benzodioxaborole, ( 4R,SR)-4,S~bis(methoxymethyl)-l ,3,2-dioxaborolane, · 

( 4S,SS)-4,5-bis(methoxymethyl)-l,3,2-dioxaborolane, ( 4R,SR)-4,5-dicyclohexyl-l,3,2-

dioxaborolane, (4S,SS)-4,S-dicyclohexyl-l,3,2-dioxaborolane, (SR)-4,4-dimethyl-5-phenyl-

20 l,3,2-dioxaborolane, (SS)-4,4-dimethyl-S-phenyl-1,3,2-dioxaborolane, (4R)-4-phenyl-1,3-

dioxa-2-boraspiro[4.4]nonane, (48)-4-phenyl-1,3-dioxa-2-boraspiro[4.4]nonane, ( 4S,SS)-4,S­

bis(l-methoxycyclopentyl)-1,3,2-dioxaborolane, ( 4R,SR)-4,S-biS(l-methoxycyclopentyl)-

l ,3,2-dioxaborolane, diisopropyl ( 4S,SS)-l ,3,2-dioxaborolane-4,S-dicarboxylate, diisopropyl 

( 4R~R)-l,3,2-dioxaborolane4,5-dicarboxylate, (1R,2S,6Slt1S)-l, 10, 1 O-trimethyl-6-phenyl-

25 3,S-dioxa-4-boratricyclo[S.2.l .02.6]decane, (1S,2R,6R,7 R)-1,l 0, 1 O-trimethyl-6-phenyl-3,S­

dioxa-4-boratricyclo[S.2.1.<>2-']decane, (3aR)-3a-methyt~3,3-di(2-naphthyl)tetrahydro-3H­

pyrrolo[l,2-c][l,3,2]oxazaborole, (3aS)-3a-methyl-3~-di(2-naphthyl)tetrahydro-3H­

pyrrolo[l,2-c ][l ,3,2]oxazaborole, (3aR)~3,3-di(2-naphthyl)tetrahydro-3H-pyrrolo[l ,2-

c][l ,3,2]oxazaboro~e, (3aS)-3,3-di(2-napht1iyl)tetrahydro.;3H-pyrrolo[l,2-

30 c][l,3,2]oxazaborole, (4S,5S)-4,S-bis[(4R)-2,2-dimethyl-1,3-dioxolan-4-yl]-1,3,2-· 

dioxaborolane, ( 4R,5R)-4,S-bis[( 4S)-2,2-dimethyl-l,3-dioxolan-4-yl]-l,3,2-dioxaborolane, 
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(2R)-2-{ (4S,5S)-5-[(2R)-l,4-dioxaspiro[4.S]dec-2-yl]-l,3,2-dioxal>Orolan-4-yl}-l,4-

dioxaspiro[4.5]decane, (28)-2-{ ( 4R,SR)-S-((2S)-1,4-dioxaspiro(4.S]dec-2-yl)-l,3,2.­

dioxaborolan-4-yl}-l,4-dioxaspiro[ 4.5]decane, (4S,5S)-N4,N4 ,N5 ,N5-tetramethyl-l,3,2-

dioxaborolane-4,5-dicarboxamide, ( 4R,5R)-N" ,N\N5 ,N5-tetramethyl-l ,3,2-dioxaborolane-

5 4,5-dicarboxamide, (1R,2R;6S,8R)-2,9,9-trimethyl-3,5-dioxa-4-

boratricyclo[6.1.1.C>2-6]decane au,d (1S,2S,6R,8S)-2,9,9-trimethyl'."3,5-dioxa-4-

boratricyclo[6.1.l.OZ6]decane. 

47. An aryl or alkene borate selected from the grc>up consisting of 4-:methoxy-3-( 4,4,5,5-

10 tetramethyl-1,3,2-dioxaborolan-2-yl)benzoic acid, 4-Hydroxy-3-(4,4,5,S-tetramethyl-l,3,2-

dioxaborolan-2-yl)phenylalanine, 3-(4,4,5,5-Tetramethyl-l,3,2-dioxaborolan-2-yl)benzoic 

acid, 3-Methyl-4-(4,4,5,5-tetramethyl-l,~,2-dioxaborolan-2-yl)benzoic acid, .S-( 4-Phenyl-

1,3,2-dioxaborolan-2-yl)-l ,3-benzodioxole, S'."(4,5-Dimethyl-1,3,2-dioxaborolan-2-yl)-1,3- . 

benzodioxole, S-(4,S-Diphenyl-1,3.,2-dioxaborolan-2-yl)-1,3-benzodioxole, 5-[4-

15 (Methoxymethyl)-1,3,2-dioxaborolan-~-yl]-1,3-benzodioxole, 5-: Tetrahydro.;.3aH­

cyclopenta[dj[l,3,2]dioxaborol-2-yl-1~3-benzodioxole, S-{4,4,6-TriJnethyl-1,3,2- ,· 

dioxaborinan-2-yl)-1,3-benzodioxole, 5-( 4,4,6,6-Tetrametbyl-l,3,2-dioxaborinan-2-yl)-1~3-

benzodioxole, 2-(l ,3-Benzodioxol-S-yl)-3-methyl-1,3,2-oxazaborolidine, 2-[(1S,2S,6R,8S)-

2,9,9-Trimethyl-3,S-dioxa-4-boratricyclo[6.1.1.02.6]dec-4-yl]benzonitrile, (1S,2S,6R,8S)-4-

io (4-Methoxy-2-methylphenyl)-2,9,9-trimethyl-3,5-dioxa-4-boratricyclo[6.1.1.02.6jdecane, 2,6-

Dimethoxy-3-[(1S,2S,6R,8S)-2,9,9-trimethyl-3,S-dioxa-4-boratricyclo[6.1.1.02.6]dec-4-

ylJpyrldine, (1S,2S,6R,8S)-2,9,9-'frimethyl-4-(2,3,4-trimethoxyphenyl)-3,S-dioxa-4-

boratricyclo[6.1.1.02.6]decane, (1S,2S,6R,8S)-4-(2-Methoxyphenyl)-2,9,9-trimethyl-3,S­

dioxa-4-boratricyclo[6.1.1.<>2-6)decane, (1S,2S,6R,8S)-2,9,9-Trimethyl-4-[2-

2S (trifluoromethyl)phenyl]-3,S~dioxa-4-boratricyclo[6.1.l.02.6]decane, (1S,2S,6R,8S)-2,9,9-

Trimethyl-4-(2-metbylphenyl)-3,5-dioxa-4-boratricyclo[ 6.1.J .02.6]decane, 2-[(1R,2R,6S,8R)-

2,9,9-Trimethyl-3,S-dioxa-4-boratricyclo[6.l. l .02-6]dec-4-yl)benzonitrile, (1R,2R,6S,8R)-4-

( 4-Methoxy-2-methylphenyl)-2,9,9-trimethyl-3,5-dioxa-4-boratricyclo[6. l. l.02.6jdecane, 2,6-

Dimethoxy-3-[(1R,2R,6S,8R)-2,9,9-trimethyl-3,S-dioxa-4-boratricyclo[6.1.1.<>2.6]dec-4-

30 yl]pyridine, (1R,2R,6S,8R)-2,9,9-Trimcthyl-4-(2,3,4-trimethoxyphenyl)-3,5-dioxa-4-

boratricyclo[6.1 •. l.02.6]decane, (1R,2R,6S,8R)-4-(2-Methoxyphenyl)-2,9,9-trimetbyl-3,S-

ii1i1i1ii1iil 
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dioxa-4-boratricyclo[6.1.1.<>2.d]decane, (1R,2R,6S,8R)-2,9,9-Trimethyl-4-[2~ 

(trifluoromethyl)phenyl]-3,S-dioxa-4-boratricyclo[6. l. l .<>2-6]decane, (1R~6S,8R)-2,9,9-

Trimethyl-4-(2-methylphenyl)-3,S-dioxa-4-boratricyclo[6.1.1.02.6]decane, 2-( 4,4,S,S­

Tetramethyl-1,3,2-dioxaborolan-2-yl)phenol, 4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-

5 yl)phenol, 3,4-Dimethoxy-5-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-yl)benmldehyde, 

Ethyl 2-(4,4,S,S-tetramethyl-l,3,2-dioxaborolan-2-yl)benzoate, Ethyl 3-(4,4,S,S-tetramethyl­

l,3,2-dioxaborolan-2-yl)benzoate, l,3-Dimethyl-5-( 4,4,5,5-tetramethyl-l,3,2-dioxaborolan-

2-yl)-2,4(1H,3B)-pyrimidinedione, Ethyl 4-methoxy-3-(4,4,S,5-tetramethyl-1,3,2"'. 

dioxaborolan-2-yl)benzoate, 4,4,S,S-Tetramethyl-2-(2,4,6-trichlorophenyl)-l,3,2-

10 dioxaborolane, Methyl 2-(acetylamino )-5-(4,4,S,5-~ethyl-1,3,2-dioxaborolan-2-

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

4,4,S,S-Tetramethyl-2-(2,4,6-trimethoxyphenyl)-1,3,2-dioxaborolane, 2-(2-Methoxy-1-

naphthyl)-4,4,S,5-tetramethyl-1,3,2-dioxaborolane, 2-(2-Bromophenyl)-4,4,S,S-tetramethyl-

1,3,2-dioxaborolane,_4,4,S,S-Tetramethyl-2-[2-(4,4,S,S-tetramethyl-1,3,2-dioxaborolan-2- .' 

15 yl)phenyl]-1,3,2-dioxaborolane, 3-( 4,4,S,5-Tetramethyl-1,3,2-dioxaborolan-2-

yl)benzylamine, 4,4,S,S-Tetramethyl-2-(2,3,4,6-te1ramethoxyphenyl)-l ,3,2-dioxaborolane, 

N-[2-Methyl-4-( 4,4,S,S-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]acetamide, 2-(6.: 

Methoxy-2-naphthyl)-4,4,5,5-tetramethyl-l,3,2-dioxaborolane,_2,4-Dimethoxy-5-( 4,4,5,5-

tetramethyl-1,3,2-dioxaborolan-2-yl)pyrimidine, 2-(2·Fluoro[l ,1 '-biphenyl]-4-yl)-4,4,5,5-

20 tetramethyl-1,3,2-dioxaborolane, 2-( 4-Methoxy-l-naphthyl)-4,4,5,5-tetramethyl-1,3,2-

dioxaborolane, 4-(4-( 4,4,5,S-Tetramethyl-1,3,2-dioXaborolan-2-yl)phenyl]-l ,3-thiazol-2-

amine, 4,4,5,S-Tetramethyl-2-( 4-{[(E)-3-methyl-l-butenyl]oxy}phenyl)-1,3,2-

dioxaborolane, 1-[4'-( 4,4,5,S-Tetramethyl-1,3,2-dioxaborolan-2-yl)[l ,1 '-biphenyl]-4-yl]-l­

ethanone, 3-Bromo-6-(4,4,5,S-tetramethyl-l,3,2-dioxaborolan-2-yl)-9H-carbazole, 6-

25 (4,4,S,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)-2-naph1hol, 2-Metho](y-4-( 4,4,5,S­

tetramethyl-1,3,2-dioxaborolan-2-yl)- phenol, 2-Methoxy-S-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)- phenol, 2-(4,4,S,S-Tetramethyl-1,3,2-dioxaborolan-2-yl)aniline, 

S-(4,4,5,S-Tetramethyl-1,3,2-dioxaborolan-2-yl)-lH-indole, 2,6-Dim.ethyl-4-(4,4,5,S­

tetramethyl-l,3,2-dioxaborolan-2-yl)phenol, S-( 4,4,5,S-Tetramethyl-l,3,2-dioxaborolan-2-

30 yl)-lH-indole, 4,4,S,S-Tetramethyl-2-(4-phenoxyphenyl)-l ,3,2-dioxaborolane, N-[2-Fluoro-

4-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-yl)phenyl]acetamide, Ethyl 2-(4-(4,4,5,5-
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tetramethyl-1,3,2-dioxaborolan-2-yl)phenoxy]acetate, 4-Hydroxy-3,-(4,4,S,5-tetramethyl­

l,3,2-dioxaborolan-2-yl)phenylaJanine and 3-( 4,4,S,S-Tetramethyl-1,3,2-dioxaborolan-2-

yl)aniJine.. 
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