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In this paperwe report on the synthesisandcharacterisationof diboronicacids,and theirreactionwith
sryl iodidesto maketerphenylsby the Suzukireaction.‘ Terphenylsareof interestin theareaof liquidCrystals,z
but have not previouslybeen synthesisedin this way. Diboronicacids have been used in the study of sugar
comp1exes,3 but otherwisehave not been studiedextensively,possiblydue to difficultiesinvolvedin their
analysis (see below). The potential usefulnessof the Suzukireactionin coupling aromaticdihalides in the
preparationof polyrners4anddendrimersshasbeenreported.

Synthesis
The synthesis of diboronic acids from aryl dihalideshas been reported.c We have fine-tuned this

procedureandadditionallyexploitedthe facileformationofpinacolestersof boronicacids7to formthe diesters
of the diboronic acids (Scheme 1). The diesters can then be purified by flash chormatographygiving an
alternativeroutetoptilcation otherthandifferentialcrystallisationof thediacidawayfromthemonoacid.

Scheme1.Preparationof DiboronicAcidsandEsters.
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Reagentsandconditions:a) i) 3 eq. n-BuLi(dropwiseaddition),Et20, -78 ‘C, thenwarmto r.t.,stir
1 h, thenceolto -78 ‘C; ii) 4 eq. B(~Pr)3, -78 OCthenwarrntor.t.andstirfor2-3 h; iii) IM aq. HCI

r.t., 1 h. 50-80% overallyield. b) 2.4eq. pinacol,MeOH,MgS04, r.t. 16 h.

Treatment of l,3-dibromobenzene with butyl lithium at -78 ‘C for 2 minutes results in only
monolithiation,such that additionof trimethylborategave 3-bromophenylboronicacid in 5570recrystallised
yield. If the lithiationreaction is allowedto warmto roomtemperatureand stirredfor 1 hour before being
recooledto -78‘C, sigrtitlcantamountsof dilithiatedspeciesare formed,fromwhichthe diboronicacidcan be
generatedin 50-60%yield. Theconversionof thediacidto thepinacoldiesterproceededverysmoothlyto give
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purediesterwith nopurificationotherthana standardaqueousworkup(towhichthediesterwas stable).

Characwisation
Boronicacids in generalpresenta hostof difficultieswithregardto analysis(andthereforepreparation).

Theprincipaldifficultyis theirspontaneouscondensationto boroxinestovaryingdegrees. Thesedifficultiesare
compoundedin the case of diboronicacids,wherediscreteanydrousformsmaynot be predicted.

IW-IRspectraof diboronicacidsheatedto constantmassat 100“Cusuallyreveala complexsetof peaks
forOH stretching,and a clusterofpeaksdueto aromaticstretches.ThestrongO-B signalat 1310-1380cm-l is
usuallyvisible, but not as clearlyas for monoboronicacids. Microanalysisand meltingpointsare of little use,
andEI- andMALDI-MShavefailedto showanyrecognizableions(EI-MSis an excellentmethodof seeingthe
boroxinepeak of monoboronicacids). TLCis not usefuldueto theacids’pokuityand theirfaintnessunderUV
irradiationand usinga numberof commonstains.

NMR spectroscopyhas provedthe most instructivemethodof characterisation. Whilst we have not
foundthat solventsinfluencethespectraof eithermono-or diboronicacids,s we havebeenable to improvethe
quality of the spectra greatly by additionof a small quantityof DC1. Thus the IH NMR spectrumof 1,4-
benzenediboronicacid in MeODgavetwo very broadpeaks at 7.56and 7.68 ppm, which were transformed
intoa sharpsingletat 7.68ppmuponadditionof a singledropof DC1.The 13CNMR spectrumwas similarly
improved.The carbonattachedto boronis oftennot seenin the 13CNMRspectrum. llB NMRspectroscopy
hasrdsobeen a useful technique,and showsa broadpeakat 28ppmfor 1,4-benzenediboronicacid (BF3.0Et2
referenceas Oppm).

Reactivip
The use of diboronicacids to make terphenylsby a doubleSuzukicoupling has been studiedwith a

rangeof aryl iodidesunderstandardSuzukicouplingconditions(Scheme2 andTable 1).9The reactionswith
iodobenzene,iodo3-bromobenzene,iodo4-nitrobenzeneandiodo3-fluorobenzeneproceededsmoothly,to give
mixturesof di- and mono-substitutedproducts(thehydroxygrouparisesfromthe standardoxidativework-up
ofunreactedboronicacid).9Thehigheryieldsof terphenylsobtainedfromreactionswithelectrondeficientaryl
iodidesis in line with similarobservationsfor the Suzukicouplingof monoboronicacids.] In comparison,
coupling with 4-iodoanisole proceeded in low yield and gave a mixture of additional products. These
presumably arise through a palladium-phosphinearyl exchange between the palladium catalyst and the
phosphineligands,l”as has previouslybeenobservedin the monoboronicSuzuki]land Stille12reactions. In
thisreaction,4190of thephosphinephenylsubstituentswereisolatedin theproductsshown.

Scheme2. DiboronicAcidCouplingReaction.9

Whensomeof the abovereactionswererepeatedwitha separatebutspectroscopicallyidentical(byNMR
and IR) commercial batch of diboronic acid (which was noticably less soluble in DMWEtOWwateO.
surprisinglypoorresults were obtained. Couplingsgaveloweryieldsof expectedproducts(e.g. 11%for the
iodo3-fiuorobenzeneexperiment)andhigheryieldsof unwantedhalidehomo-coupledproducts.13In orderto
try to overcomethese problems,the couplingreactionwas triedon the pinacoldiboronicester with fluoro3-
iodobenzene,but gave lower overallyields (24Y0productbasedon molesof diboronicacid used) and higher
yieldsof unwantedproducts(suchas homocouplingof the boronicacidsthemselves]4),possiblyarisingfrom
the increasedstcnc crowdingaroundthe boroncenterandthemultant difficultyin activatingthe boroncentre
withbase.
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Table 1. Synthesisof SymmetricalTerphenylsfrom1,4-BenzeneDiboronicAcidandAryl Iodides.

x
H

3-Br

3-F

4-MeO

a Yieldsbased

RI Rz
Ph Ph
Ph OH

3-BrPh 3-BrPh
3-BrPh OH

4-N@Ph 4-N02Ph
4-N@Ph OH

3-FPh 3-FPh
3-FPh OH

4-MeOPh 4-MeOPh
4-MeOPh

Ph
4-MeOPh
4-MeOPh

Ph
4-MeOPh

Ph
molesof diboronicacid

L
used.

Ph
Ph

H
H

OH
OH

Yield(90)a

38
11
65
6

66
20
59
18
13
10
11
3
4
3
9

16

Thechemimy wasexploti furtherwitha viewtoexploitingthedifferentialreactivityof the aryl iodides
to makeunsymmetricalterphenyls. A competitionexperimentwasperformedreacting1.8equivalentseachof
twoaryliodideswithoneequivalentofdiboronicacid(Scheme3 andTable2).

‘HO’’~B(oH):‘~ + ~Br ::’=J.”l~R2
(1.8 equiv.) (1.8 equiv.) Ar, 18 h

Scheme3. CompetitiveDiboronicAcidCouplingReactionwithTwoArylIodides.

Table2. ProductsFormedin CompetitionExperimentwithIodotxmzeneand3-Bromoiodobenrene.

RI R2 Yield(%)a
3-BrPh 3-BrPh 17
3-BrPh OH 13
3-BrPh Ph 33

Ph OH 8
Ph Ph 3

a Yieldsw onmolesof dibomnicacidu*.

The surprisingoutcomeof thisexperimentis that the majorproductis the mixedterphenyl. The higher
yields of products dervived from 3-bromoiodobenzenewas expected, but the selectivity observed was
unexpectedlylow. Anotherimportantobservationis thatdespitethepresenceof an excessof aryl iodidessome
boronicacid still did not couple. It appears that under the conditionsof the Suzukireaction there is some
undefineddecompositionof theboronicacidsovertime.

In a secondattempt to form mixed terphenyls,a sequentialreactionwas carried out by reacting 1,4
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phenyldiboronicacid with0.9 equivalentsof iodobenzene,followed2 hourslaterby0.9 equivalentsof iodo3-
bromobenzene.The unsymmetricalterphenylwasonlyisolatedin 6% yield, the symmetricalterphenyl(15%)
and the phenol(33%)derivedfrom monocouplingof iodobenzeneweremajorproducts,withvery little of the
correspondingproductshorn 3-bromoiodobenzenebeingisolated(0.2%and3%respa%vely). The low overall
yield of productsfromthis ~action is in part due to the shorterreactiontimes (2 h insteadof 16 h). It is also
probablethat thediboronicacid,presentin excessfor thefmt partof thereaction,polymerisedon heating.14

These studieshave shown that diboronicacidscan be used to make symmetricalterphenyls in good
yield. However the attempts to form unsymmetricalterphenylsproved less successful,primmily because
differentlysubstitutedaryliodidesdid notshowsuftlcientlydifferentialreactivity.
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