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Conventional nethods for covalently linking aromatic rings, such as by
reaction of an appropriate Gignard reagent, involve harsh conditions and
are not suiwebbmssg4eor aromatic rings with active hydrogen conper/Rubso1or2
substituents. Substituents with active hydrogen atons al so can becone -

i nvol ved in unwanted side reactions |eading to undesirable 25 products.

Such substituents need to be protected prior to reaction. Bo i i
derivatives rﬁm,ﬁlmmﬁmmmmm he Suzuki reaction are traditional mmmmwwwgmmed
t hr ough hi ghl gano netallic internediates. In view o €

severity of the rewewi*on conditiqgns_the range of substituents whi€h*coul d

‘3_ebThe igve_nti on relates to bprorﬁQRQ_M% _ ,qugrti cular to govel
therefrom oy HiorEiefuet Barenp 2b bt B BEUNF IR B8R A Everiase e

these deri va@rganie borobieacid GeBosdres pespar@t théRFronnd THE IRinEioR alR6 T&lRIeS taiCi d
derivatives are useful internmediates in processes for covalently |inking

or gani ¢ corgioeassss. fopthecpreparation of theserienivatives| Eheseslibaton iderivatings andjargapic
conpounds, both inter-.and intra nplecul ar, are of particul ar inportance to
the synt hét FEORIF S derivpiipessite Reh) ingerandies B REogests fon oveliai Inkingn
requiring ig aﬁ&@oﬁ@@&&%l reaction conditions, solvents, catalysts, ring
activating groups etc. Sone known types of coupling reactions include the

Gignard reaction, Heck reactions and Suzuki reactions (N. Mgaura and A
Suzuki, Chem Rev. 1995, 95, 2457-2483). 15 Substituted bi- and tri-aryl
conmpounds afrecessesgios derming epralent ondp betyregn wganin ¢arApouads) bogh dere mnd dmtra-

i ndustri es. r.eat _nupber. of these co unds .have been found { 0SSess
onar maceut | BAEUER F 8] Batiehlas OB REm G TR I HRUREY Sorac ehepuy bfuf Sich
her bi ci deg. redBiRNE atSkWw®, dadh ﬁécﬁﬁﬁ?é [0 BWnPeAQl aRIon daﬂgﬁiohy, dolveRR, ymer s

prepared by the |inking together of organic conmpounds. 20 30 present during
t he |i nki ngcatadpsts,irong avdiy agog graies atel. ySomerkheswn tygped of heupimggeactionsi gefude the 18
JUN 2002 W0O,991 33845 PCT/ AU98/ 01072 -2 reaction nedi .solvents) was ,
restricted POERAUBIEAHARCH Heﬁ“éloéﬁﬁﬁﬁi§i“€35‘ reacrlpp%&lM%a%ﬂ%A/z-éHaﬂar
toxic. A digflcu Ogk a WA t he known coupling reactions is the
limted con@frlé&q' %%‘xtﬁ%gSg?U%?tj]i %wnge??i ty of the products, |eading to conplex
m xtures which can be difficult to separate. Sonme known di boron derivatives

are rel atively unstable conpounds, which deconpose readilg i n aqueous
sol ut i onldrSubstieygsolinead td-agylcompenndhare of gsens intergsidtodhe pharaageyticaband

R N IR o
be quite stgirfadticalsRtivity] Whil®8thers have been found to be useful herbicides. There is
also interest from the polymer industry in polymers prepared by the linking together of
organic compounds.
20
Conventional methods for covalently linking aromatic rings, such as by reaction of an
appropriate Grignard reagent, involve harsh conditions and are not suitable for aromatic
rings with active hydrogen containing substituents. Substituents with active hydrogen
atoms also can become involved in unwanted side reactions leading to undesirable
25 products. Such substituents need to be protected prior to reaction. Boronic acid
derivatives required for the Suzuki reaction are traditionally synthesized through highly

reactive organo metallic intermediates.

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

30 present during the linking reaction was considerably limited, and the range of useful



pr epa‘r ation of organic boronic acid derivatives, and that pr op138t UBN m‘ozt he
di boron 1 S derivatives can be adjusted to suit particular reaction
conditions or to provide particular products by selection of appropriate
substituewos929/388ordingly in a first aspect of the present PCAYALMNSI0®OT2t her e
is provided a diboron derivative of formula (1) 20 R4 X\ B/ X- R B \X Rz
(I') 25 where R, RZ, R3 and R4 are each independently selected fromthe
group consisting of optionally substituted al kyl, optionally substituted

al kenyl, optionally substituted aryl, optionally substituted cycl oal kyl,
optionally substituted cycl oal kenyl, and a group of the formula -(RSQ nRb
where Qi (o : a and
opt i onal lx%aitﬁ{);?lh&f&(&@@éﬂtg)%% &%ﬁgﬁeedotg %hggéa‘gllrllmll E%H;gé b{;*éhﬁge &lﬂi&g?t %he or
each R5 irenidfeiandbpaosient|y an optionally substituted C -C3 alkylene) R6 is
C -C3 al kyl or hydrogen and 18 JUN 2002 WD 99/33845 -3 R is hydrogen or
C -Cl12 alkyl; and PCT/ AU98/ A 072 each X is i ndependent I y sel ected from Q

S(O" d 0 d d a-c 2
2o, %o O eyt Sk o R kSR i e R el konfiEotdienc an
opt i onaé Imnmw ot ag pﬁgguct@ lgﬁiﬁgefcﬁébrﬁ;ﬁie?hﬁ%%swbma’i Qé}Pbe afrAvhidgsl t hat

when each X is O"and are 1dentical are not unsubstituted
strai ght sehadare.al kyl , phenyl or napht hyl, i sopropyl , or phenyl substituted
wi th al kyl; when each X is NC, -C6 aIkyI), R to R are not C -C6 al kyl and
-NR R, -NRZR, -NRBR and IO NR R are not unsubstituted piperidyl or

unsubstlt I C ! ~.arg.. - aI kyl

unsubs#}nfiéj e%&'gﬁféﬁdr ; erl\:/jm sﬁnae %@ﬁ:@ d}l% co! dé va?\'l?%@f" - XR4
I s - N( CH3eadily ¥R8quedus e8lufi&sBr 01|1 ex@ssﬁmmir appetiis &ﬁsdnhand AVRAdel vl there i's
provi ded a diboron derivative of formula (I1) 15 20 x p‘ BXx BA- X (Il)
wher e 30 i diffidepareing yheseanepouads.ftheimusy ingghgimicad merchipn iswedatively i s an
i nt eger from t 2, R is hydrogen or &-Cl12 al kyl, and Al and A2 are
di val ent i ch may be the sane or different, provided that when each
Xis O A and AZ are not unsubstituted C, -C3 al kyl ene,
1,1,2, 2-tetranet hyl et hyl ene, 2, 2-di net hyl propyl ene,

It has now been found that diboron derivatives can be quite stable and useful in the

preparation of organic boronic acid derivatives, and that properties of the diboron
15 derivatives can be adjusted to suit particular reaction conditions or to provide particular

products by selection of appropriate substituents.

Accordingly in a first aspect of the present invention there is provided a diboron derivative
of formula (I)

20
R* —x

~~ /X_—Rl

B—B D
R*—X X — R?

25 where R!, R?, R? and R* are each independently selected from the group consisting of
optionally substituted alkyl, optionally substituted alkenyl, optionally substituted aryl,
optionally substituted cycloalkyl, optionally substituted cycloalkenyl, and a group of the
formula -(R*Q)_R® where Q is selected from O, S, NR’, optionally substituted arylene and
optionally substituted cycloalkylene, m is an integer from 1 to 3, the or each R’ is

30 independently an optionally substituted C,-C; alkylene, R® is C,-C, alkyl or hydrogen and



25 1, 2-di al koxycar bonyl et hyl ene, 1,2 di phenyl ethyl ene) 1 phenyl1eQ h"}‘/wgnzg!]z

unsuhsti tuted phenyl ene or phenyl ene nono- or di-substituted with d-C4

al kyl ; and when each X is S or NMe, both of A and AZ are not ethyl ene.
Preferably W are independently selected from optiona it ut ed
al kyl ene, 3‘3%%??%%5 |y substituted al kenyl ene, optionally shgas{‘{Aﬁ{égftaiedga

al kynyl ene, optionally substituted .18 JUN 2002 WD 99/ 33845

PCT/ AQ8/ 01072 -4 arylene, optionally s&ﬁsti tuted al kyl aryl ene, optionally
substituted cycl oal kyl ene, optionally substituted cycl oal kenyl ene, or a
group of the fornmula -(RSQ nRb where Qis selected fromQ S ) NR,
optional Iy substituted aryl ene and optionally substituted cycloal kyl ene, m
i s an int egRrisdfydioges & CRS,atkly!Renér e i ndependently an optionally 5
substituted C-C3 al kylene, and R is hydrogen or C -Cl2 al kyl. The

di val ent groups, A and Az, may include a fused 5 or 6 nenbered aliphatic
or aromat i CegchNis indegendBhdHsc8RES froftf Of Bg())?,raﬁﬁ NE, iwheedh i IHde? of  to 3
provided a di boron derivative of forrmula (ITI) 10 ~ X x ABB/ (1Il1) x /
X- Rz 15 whandeRRis hyddogen aar@ -€gcitkylndeprndemoieofsNN R e NRIGmWRER gandup

consi stin tional ly substjtuted al kyl, optionally subsiituted al kenyl,
oot tonal 15 Nho8Piepiiee 4 aifiopelly Shestignss by SIBERPAGH SHeEGEY! SHPonal | y
substituted cycloal kyl, optionally substituted cycl oal kenyl, a group of the
formula -(RSQ nmR6 where Qis selected fromQO S, NR, optionally

subst i t ut edpravide@niataniienogich 00 & OYand U0 IR tkre tleaticd] OR} kyREa@, notunsutitituted
integer of 1 to 3, the 20 or each RS is independently an optional

I
Substi t ut ectEightFhankdnahens or iy b depray Ly ENK supsttiedowith alk!: when
hydr ogen or L. 2 kyl ;. each X i.g i ndependent |y sel ed Q"
o N wrah N AR dp B st RaRE G Y R B e R R na -
al kyl', ofo ORR‘RT arlRHol uBdubsifBtdd piPBHdyINFARsubsBRIQEHMbLidRy R v IRRldeAN [IYNH, R!
substituted 5 or 6 nenbered heterocyclyl group; and A i§ a dival ent group;
provi ded t hatRirdre moRC,dicllRZ canmsiisstianed phaiy];Xandswinve-XRids -ACHs, AXR? is -
unsubstituted 30 ethy|ene. ~~.a zulN 2002 WO 991 33845 -S PCT/ AU98/ 01072
Pref erabl y R(GHa) aae p&Ra etV (Rt e&fReds potdA-Hpt i onal Iy substit uted
al kyl ene, optionally substituted al kenyl ene, optionally substituted
aryl ene, optionally substituted cycl oal kyl ene, optionally substituted
cycl oal kenylnengacofid agpegt 6fithedfivérinfthénaul providdd@ dib&on ddiRagvedT forfula (11)
selected fromQ S, NR, optionally substituted arylene and optionally
substitut@d cycloal kyl ene, mis an integer of 1 to 3, R5 and R6 are

3

i ndependent |y an optionakty*Swhstituted C -C3 al kyl’en and R is hydrogen

or C -Cl12 alkyl. The diyalent gr A, may ingctude a fused aliphatic or
/%(stem 10 Th Bi nvent Fon al so proA;' des a (gfyboron

aromatic ring or ring
R B°B 3 15

derivative of fornula(C4 y /
\\X

X

20
where X is independently selected from O, S(0O), and NR” where n is an integer from 0 to
2, R7 is hydrogen or C,-C,, alkyl, and A' and A? are divalent groups which may be the
same or different, provided that when each X is O, A' and A? are not unsubstituted C,-C,
alkylene, 1,1,2,2-tetramethylethylene, 2,2-dimethylpropylene,

25 1,2-dialkoxycarbonylethylene, 1,2 diphenylethylene, 1 phenylethylene, unsubstituted
phenylene or phenylene mono- or di-substituted with C,-C, alkyl; and when each X is S or

NMe, both of A! and A? are not ethylene.

Preferably A! and A? are independently selected from optionally substituted alkylene,

30 optionally substituted alkenylene, optionally substituted alkynylene, optionally substituted



8 JUN 2002

or a diboron derivative of formula (I1) x x 20 Al BB A2 X X Zg or a

di boron derivative of formula (Ill1) X Xr. RRABBX ~ X- Rz (I) (I)
(rrr) 30 ,~ S ~UuN Zoo2 WD 991 33845 PCT/ AU98/ 01072 -6 where R) R2, R3 and
R4 are eaclwo spispendent|y sel ected fromthe group consisti ngpcafaugsiaional |y
substituted al kyl, optionally substituted al kenyl, optionally substituted
aryl, optionally substituted cycl oal kyl, optionally substituted
cycl oal kenyl, a group of the 5 fornmula_z(RSQ,~R6 where Qis selected from
O S, NR, optionally substituted aryl ene and optionally substituted
cycl oal kylene, mis an integer of 1 to 3, the or and each RS is

i ndependent | vy _an optighal |,y.. tLiiuted C -C3 al k e, ,R6 JsS - C3 al kyl

or hydroger?,r%glﬁed 10{1@?}{1%}#8@13%5%1#}'1@? ,eZbgl Y S}ébs(%g"éfgﬂ C%‘P@‘ﬁ?&ﬁ’pendent |y
sel ected fr, 1yBsfiutacc R alketRAE, 4} 4 j I icS
hydr ogen ordﬂglb l('%C]?’Zq al kt;l/lli,éal cgjrN ongwgr h?m?ed %rfoﬁ? Ig&@ﬁg%&%z&?@-mﬁgm@ﬂéa?dls
-NR4R  reprseleeted from €ptS,ANRIT,| optionddtyt substimeedSarpiené and: apstiormtly sabstitaeg cl vy
group) and A, A and A2 are divalen&bgroyps whi ch may or may not be

di fferent, CWROREYIENS s A8 ipEReR Rk | sahR” g ipdapendantly An epsienalds and

there is i GITER i 75 eferably . j rkc
xcess i < QIR KRR GEE B3 1B RFaigREbr Tty HREL VT BERABBIRISAT |
the above dlliAf mHNacluti®a QAN 626 KenberdSAipHatié BLaromARSinY. 1 n conpound
wor ds such as "al kenyl oxya, | kyl ", "al kylthio”, "al kylam no" and

"di al kyl am no" denotes straight chain or branched al kyl, preferably C1 _20
al kyl . Exanpl es. of straight chain and branched alkyl .i.nclude.nethyl. ethyl,
ot opyi 1 edBrAaByR st §f el neBisit JivERtart B provided 2 dliOGR QSR o6 SofgATa
sec-anyl, XY@y di methyl propyl, 1,1-dinethyl-propyl, hexyl, 4-methylpentyl, 1
25 met hyl pent’yl, 2-nmethyl pentyl, 3-nmethyl pentyl, 1,1-dinethyl butyl,

2, 2-di netthyl butyl, 3,3 difet butyl, 1,2-di methybbuty®', 1, 3-dinethyibutyl,
1,2,2,-trimethyl propyl, /1,1, 2tr t hyl propyl , AMeptyl, 5-nmethoxyhexyl,

1- et hyl hexyl, 2, 2-di metjhyl pentyl , ™3, 3di nethyl pentyl, 4, 4-dinet hyl pentyl,
1, 2-di net hyl pentyl, 1, 3-,di nethyl peatyl, 1,4d{methyl-pentyl, Iy
1,2,3,-trinethyl butyl, 1, 2-trifret hyl butyl, Iy ,3-trigethy|but9f, octyl,
30 6-net hyl heptyl, 1-neth eptyl, 1, i,3,3-tetrafethWbutyl, nonyl, 1-,
2-, 3-, 4-, 5-, 6- or .18 JUN 2002 WD 99133845 _7_ PCT/ AU98101072
7-nmet hyl -octyl, 1-, 2-, 3-, 4- or 5-ethylheptyl, 1-, 2- or 3-propyl hexyl,
decyl, 1: -, 34, 4~ 5- -. .7- and 8- ylnonyl, 1-, 2-..3- _.4-. 5o Or
6 o1 hyl okt yfiera R andd R gach ndpepeiiiycSolREted ediB e erptip oofisisun of,ptagally g
7-, 8- or 9; | vyt ks - : I < ; " 7,
4 or 5 pr oy Taa RS, eptimallf sbshte pkshyl; opfnally SuistuAOMUliynit, opdonaldy:
2-, 3-, 4- substitud,aryl; opfienally-substithfed wgtloglkyhdptiphallylsubstttutedyclodtkendl, ,a 6-,

7- or 8-ethyl decgl , 1-, 2-, ? 4-, 5-_ar 6-proPyI nonyl . 1-, 2-, 3- or
4- but yl oct y8roup ob gherfoymula(BIQRRY wheee Qi selectebropy ¢h 8aNR/) epidenaliinot es a

cyeti ¢ a kyPogiieayBie i) bRFhRY Wind StiplFBhe THE; AR Wlter A TR F0pe

i ncl ude pONEr-eadh RIGS tRieperidenay kil lopgosuligSsubstithited T, Ay Clipfleni)RS, is iy dtogentoy|C, -
cycl opentyl, c clohex1L, cycl oheptyl, cyclooctyl, cyclononyl, cycl odecyl
and the |iH§3m£5LFhéI{dﬁhV %&@moaﬁiﬁheNXYhdenotes a dival ent cycl oal kyl
group as defined above.

each X is independently selected from O, S(0), and NR’, where n is an integer of O to 3
and R is hydrogen or C,-C,, alkyl, or one or both of -NR'R” and -NR?R’ represent an
25 optionally substituted 5 or 6 membered heterocyclyl group; and

A is a divalent group;

provided that when R and R? are Me and each X is NMe then A is not unsubstituted
30 ethylene.



The term "al kenyl " denotes groups formed from straight chain StabJUNomma

al kenes including ethylenically nono-, di- or poly-unsaturated al kyl or
groups as previously defined, preferably C2_20 al kenyl. Exanples of al kenyl
i ncl ude viywglogasysyl, 1 20 nmethyl vinyl, butenyl, iso-butenyder/avosnior:

3- et hyl - 2- butenyl, 1-pentenyl, 1-hexenyl, 3-hexenyl, 1-heptenyF,
3-heptenyl, 1-octenyl, 1-nonenyl, 2-nonenyl) 3-nonenyl, 1-decenyl,
3-decenyl, 1, 3-butadienyl, 1-4,pentadienyl, 1, 3-hexadienyl, 1,4-hexadienyl.
The term "al kenyl ene" denotes a dival ént™ al kenyl group as defined above. 25
The term "cycl oal kenyl " denotes cyclic al kene groups) preferably CS 2o
cycl oal kenyl . Exanpl es of cycl oal kenyl include (cycl opentenyl, nethyl

cycl opent enyl, cycl ohexenyl, cycl ooctenyl, 1, 3-cycl opentadienyl,

158 Cyol ERBODA is Bl R SRS LM ook RS MBMIBI LB optigrallin 0 v
991 33845 RubkuBd/ AMéhgfened optihal 1§ siibstitted anlidRNvhesiflly dapaitesd dysliodRdy Rk

" cycl oal kenyl group as defined above. The térm“aryl"” is used hefein in the
br oadest septinmakly substiarted oyceatkenytenat dra gronp afrthe forndy s(RIQ)  Rf-abberalf) ys
Tor ¢ et Sr OO Bl acs o  eRoRal s e ang qRIPRE: Wys e be
car bocycl i C j r | R l ycyclic
Tng. oyt R NEL i RleaBEEHE 3 RIEN R R iSRRGy el T
benzene, bdubbied CLEY plkgleyt, amguRt Bhydespeh or GRALY, BklyEN&he divalent group A,

t et rahydr onapht hal ene, 1-benzyl napht hal ene, ant hracene, di hydroant hracene,
benzant hr a@an&chyfersfsgh ahphatis 5 argiRetitarinth PREBHSYSYBY vl ene, pyri di ne,

4- phenyl pyri di ne, 10 3-phenyl pyri di ne, thiophene, benzot hi ophene,
napht hot hi ophene, thianthrene, furan, pyrene, isobenzofuram chronene,

xant hengg PReRV¥RidH 4l5o pRvidedledibbridh REQ e dHoAAA]I) PYrazine, pyrimdine,
pyri dazi ne, indole, indolizine, isoindole, purine, quinoline, isoquinoline,
pht hal azi ne, qui noxal i ne, qui nazoline, pteridine, carbazole, carboline,

phenant hri di ne, acridine, phenanthroline, phenazine, isothiazole,
i sooxazol e, phenoxazine 15_and the |like, each of mQjch may be optionally

substituted. The term "psetdoa tic" refe £0 a ring systemvhich is not
strictly aromatic, but which is st ized, by nmeans of del ocaii zat’ion of ~
el ectrons and behaves in a simlag nner 40 aromatic rings. Exanples of

pseudoaromatic rings incluge—byt“are not Ii gq_;nguran, t hi ophene,
pyrrolelénd the like. 20 The term"aliphatic ri'ng or ring systenm as used
herein refers to a non-aromati c carbocyclic or heterocyclic ring or ring
system preferably having from3 to 20 carbon atons. The ring or ring

syst em mayohadbofitEddtivafive of f@witlig(19y triple bonds. Exanples of suitable

al i phatic rings include but are not linmted to cycl obutane,

cycl opent adi ene, 25 cycl ohexanone, cycl ohexene, spiro-[4,5-decane] and

hydr ogenated or parti Rydr ogenat ed aromati &+ings as descri bed above.
The term "aryl ene" ag used hekei n denotes a divalent\"aryl" noiety as

defi nedogbove. 30 used herei an " fnic" conmpoynd refers to any
organi ¢ conpound hayxing at | east 18 J 2002 WD 99/33845 -9

PCT/ AU98/ 01072 one c¢arbon to carbo l e bond whichit's not part of an
aromati c or pseudo aronatic syst efinic conpounds rnay be sel ected
fromoptionally substtuted stpaight chai n>branched or cyclic al kenes; and
nol ecul es, nononers an nol ecul es such as p rs and dendri mers,

whi ch include at | east one carbon to carbon doubl e bond. 5 Exanples of

sui tabl e ol efinic conpounds include but are not limted to ethyl ene,

propyl ene, but-1-ene, but-2-ene, pent-1-ene, pent-2-ene, cycl opentene,

1- met hy Rpeor a dioson denivativerpd fomayla #llBne, hex- 3- ene, cycl ohexene,
hept - 1- ene, kept-2-ene) kept-3-ene, oct-1-ene, oct-2-ene, cyclooctene,
non-|-ene, non-4-ene, dec~i-sene, dec-3-ene, buta-|, 3direne, penta-1,4-diene,
cycl opent a- 1, 4-di ene, hex-1, 4 di ene, cycl ohex ,3-dime, 10

cycl ohexa-1, 4-di ene, cycl ohepta-H{3-dine, c ohepta-1, 3,5-triene and
cycloocta-1,3,5,7 tetratne, each ofBwhictr Bray be optionally substituted.
Preferably the straight\iﬂfin/gpaﬁbhed or CVBLLS al kene contai ns between 2

and 20 carbon atons. % x— R (I
30



I'n this specification "optionally substituted® nmeans that a gf‘oquJ%ﬁUEZ
may not be further 15 substituted with one or nore groups selected from
al kyl, al kenyl, al kynyl, aryl, hal o, haloal kyl, hal oal kenyl, hal oal kynyl,
hai oaryl, hyds®33sds al koxy, al kenyl oxy, aryl oxy, aryl oxyal kyl pchanagiomay,
hal oal koxy, hal oal kenyl oxy, hal oaryl oxy, isocyano, cyano, fornyl, carboxyl,
nitro, nitroal kyl, nitroal kenyl, nitroal kynyl, nitroaryl,

ni troheterocyclyl, am no, alkylam no, digal kyl am no, al kenyl am no,

al kynyl am no) arylam no, diarylam no, 20 benzyl am no, imno, alkylim no,
al kenyl i m no, al kynylimno) arylimno, benzylimno, dibenzylamno, acyl,
al kenyl acyl, al kynyl acyl, aryl acyl, acylam no, diacylam no, acyl oxy,

al kyl sul phonyl oxy, aryl sul phenyl oxy, heterocyciyl, heterocycl oxy,

het er ocycl anhere R' NRP,OREAR) Rtarelenth irddelsydent!pReloyted fivhy el rtye Bolsisting of
car boal koxy, carboaryl oxy nercapto, alkylthio, benzylthio, acylthio,

sul phonani dwtiosdiy subptituted alkyl, aptopsilystvstituted adkanyl, mptignaily srbstiputed Ak t er m
"fused aliphatig,or .aromatic.nng’, as.used herein,in relation to dival ent

ot oups A RERBIRGHREREEH IO, BRactBiE BFEd corpakeia ettt tihe X

noi eti es of G upd r NR7 of t ‘ '%mgé

or aronnt?cfoﬁﬁa sys% 3%1 ﬁ"gglfe QQ%L%E%%SI\? iEp(())(ri)ﬂzb\'/\%’ QNSFI 33 ﬁ%ﬁg@?%‘@%?‘b&) . ((F)
As used heraptionalhesubstimtédicyctdatiotdergy, ow s’ ar gitepes of ¢ tady thgy @ugndrearh RY i Wo

val enci es available for bonding with another chem cal noiety. Exanples of

sui t abl e dilpdspspdergyaneptionally, ebstirutsd End:; aliprtensy IRene €5 alkyAlok iy érogennznd
the |ike. 71, rm" |~ sed herein refers to carbanoyl, aliphatic
acyl groupqgﬁgﬁgégﬁgngg%(%égﬁgperred to as heterocyclic acyl, preferably
Cl 20 acyl. Exanples of acyl include carbanoyl; straight chain or branched
al kanoyl such as fornyl, acetyl, propanoyl, butanoyl, 2-nethyl propanoyl,
pent anoylQ eackr Xdisrindépghgensiyasategted fhemdno§(Q), haphNRipwherear iscamoptegenfroandye |,

R e R SRS e
cosanoyl . A SRR U BRTOP B AEN e B O ERREOT

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

cycl opentyl carbonyl and cycl ohexyl carbonyl; al kyl sul fonyl such as

net hyl sul f ciglA.afrdared Ay REydivalept Eroapk BN AY May ek ba difigente wherais stiflony |
and et hoxysulfonyl. aroyl such.as,benzoyl . .toluoyl and naphthoyl ;

o al kanob] LN hasTib AT o PGS e S0t sRRAaRERS a5 af gps form
phenyl but anoyl , phenylisobutylyl, phenyl pentanoyl and phenyl hexanoyl) and
napht hyl al kanoyl (e.g. naphthyl acetyl, naphthyl propanoyl and

napht hyl butRnefeyally the enantiamgric swesss ssgishten yhanl 808mo3id merepprefenahly Igpeaterethary | |
phenyl but e , phenyl net hacryl oyl, 20 phenyl pent enoyl and phenyl hexenoyl
and naphth kenoyl (e. g. naphthyl propenoyl, naphthyl but enoyl and

napht hyl pent enoyl ); aral koxycarbonyl such as phenyl al koxycar bonyl (e. g.
benzyl oxycar bonyl ); aryl oxycarbonyl such as phenoxycarbonyl and

napt hyl o2¢ ciartheapbdve defiditonsatieanny|"atkyt'h waed pidesralgmeartinlcompdund words such as
phenoxypropj onyl : aryl car banoyl such as phenyl carbanoyl ; arylthi ocarbanoyl
such as phe@k%l%&%ﬂbmﬂ@lé@ ardlkylaging| #id "dialkylagingyflergies straight eain 8xd

ht hyl gl . I h I I
napt hyl sol 7 ST lleds Btedeb O o8 AT oI a5 ind beapeted alky
thi enyl acet jejudt hcetipll BIHPEONYI, isIoPIch,! By R npblicy] | St ey 1P et BRQY, | amy1,
t hi enyl hexanoyl ) thiazoiylacetyl, thiadi azolylacetyl and tetrazolyl acetyl;

het er ocycl i isedrkgn egd-ampk H , Zslimethilpoepsd | 1 dpdiosthndpropytehexyb.cd-metigipersyloyl |
het erocygli cpent enoyl ,and, 30 het er ocycli chexenoyl ; and .

et or ocy i B BEby  TREHPLYE: BB ORea o rUTIe YL, 262-dipetarigucis >
991 33845 - 13 tdmi Iy ges irhey gi hmatives may
be made f ol %givém r?g&%,[kg lﬁgﬁﬂgg%g%bugg’é ?ﬁﬁég&}g?&%’h’%’% ?R&%@gﬁﬁg }pbtrl]fl’%. L.
McCl oskey, trimédthylPedpat Sleptdnf-rhtth&ydienrple rigmethyhéemel, 2,2oHenethHpentyB3,35 6242

(1960); R J. Brotherton, A L. Md oskey, J.L. Boone and H M Manasevit, J.
Amer .. Chern iy Bentyle dads dimatbglpsniyl, |4 ey |eBibs s SBRGYIPEnBe hidned by

reaction of ' N e t T2 BYa_ ' i

st oi chi onet 95@%&%‘ 1br ’Ig%r_ girﬁeﬁﬁggl\éﬁoﬁqléf}}@%ﬁ&%é %’2I3u{er§rie}&\}/\l}@ﬂt})§nbé%§1
netal gi sesecih@h@lhfaynn -gemytiepey[ BUNVB2erhmeihiotbyl, addyes 19@-] 84,cat 5Qro-tur
distillation, can be reacted with the alcohol (for 10 exanple, pinacol or
neopent anediol) in the presence of a stoichionetric anmount (four
equi val ents) of HO to give the desired ester product. Wth many al cohol s
this reaction is unsatisfactory, the reaction being slow and conplete
removal of the am ne being difficult unless anhydrous m neral acid (four

o o v o o ~ - o b g, Y " oy



be readily synthesised in near quantitative yield by the reac’?iaoﬁmyf 2002

di boronic acid (tetrahydroxydi boron) with al cohols (including diols and
pol yol s) and this reaction does 20 not require the presence of acids.
Fur t her nor 4o 99/33B4s been found that the reaction of tetrahydsepydidanoan
with certain diols can be carried out with advantage in the presence of

si npl e nonoal cohol s such as net hanol or ethanol w thout these nonoal cohol s
being incorporated in the final reactiop_products. These reactions, in the
presence of nonoal cohols, show that tetrahydroxydi boron esters of these
nmonoal cohol s readily 25 undergo transesterification with diols that can

formring structur n or on 0 The transesterification represents a
further prZ’@é l’eOC?@r f’k@" BF’ ‘g'u%ﬁ‘s{gywp%t L’P?‘Bf f@??ﬂﬁ%ﬂoﬁ%ﬁb{ﬂ §W ﬁ_,
"These reacji agnsgcan in a_var ety fnfe S1.0h_Ij es

t her eof . 3% ’?gbgr’??r?gﬁﬁgthg{ﬁ?#hle’r gé\s{%é!gt’ Sc/)fd?t6he;(H l}[)g{gie’nlt ’ ?n’\r;gen I?J‘?:)n t here

i's provi depropylheptybsundeoyl, tthe2-, 3184-) N @002, 3\ hid@8Adecyl, 1R, PCTI-AY983-06072
preparation of a_diboronic acid ester conprising contacting diboronic acid
with a sui PabretyiRMghl Lokol 3-» dr 6F Sdiropypgiyl, k-of- ar 3 bueylhaptyludcrentydbeilt i ons
such tha i Qoronioc acid geactg vyt 1 LRl ppl yol ,t g produce the

di boron %e@%ﬁﬂ’ 3e’. ?5 3Un?i’l?g’ {SHZPI ;gt’\(,agr é)?ultrogﬁﬁt(rﬂgglggggﬁé’, Pt’ I’y%e’ %)r'(%c’e 'sd(’u" T-or

accor di ng 8@tiylesyRSIPELL, 3of 41,12 qHERpRAY oYL L] 2 3L eRdshityipelyl, 1-gadily to
the synthesis of tetrahydroxydi boron esters with acid sensitive al cohols.

The synt hepéntylbeptykandathgdikexydi boron esters with al cohol s possessing basic
functionalities are difficult using the known literature nethod since the
products obtained are partially or fully protonated on their basic

funct i onal hd iom G| (RAGIed 4 AFARNAIRA drfut N GerfigRaBvel [ he present

i nventi on does not Have this I nherent pro e prior art procedure
t he sideoproduct, the acid salt of the am ne, nust be renoved to obtain
pure product. A nmjor advant a%e of the Eresent process i s that product

obt ai ned i She term; ‘wyeloplky!"pdenotesrryelic alkyh grayppeprafersbly £ useelaallon o Exampdes

resent i bR S EEHGRS: of Pat S AR M GhE s iorthitl i Buudly "
deri vati vegycided ety cyeddiR&yl, @y cRhepthRIc9BlobaiyE, @U%bhﬂiw@f@léd@gﬂaﬁ@ﬂﬁtl% s) it

is possible to use the diboron derivatives to formorganic boronic acid
derivatives which are useful in organic coupling reactions. 20 The organic

boroni c  acid deriyatjves. arg general,l repar by reaction of a diboron
deri vat ilgejrgff LRy 5CYFirﬁ’\?§9{H“8nd PSR db‘%/"’b‘g’ﬁicgaegﬁ%‘o%ﬂw ?ﬁd‘frﬁéﬁdp‘?'bé’é"é'nce of a
Goup VIIl metal catalyst. In order to participate in such a reaction the
or gani ¢ conpound shoul d possess a boron reactive site. 25 The boron
reactive sThe temmy"dbeeny] hddnogesrgronpshfarmge firdm kieaightadbin ereranchedtdileenes gani ¢

conpound, a carbon to carbon double or triple bond, or |eaving group
| ocat ed i ninghding sthylenisally mang-, dio of Rotyngnsapusaied alkibot, GERURSTASPAEHERHY t i ke

substi tuen n 6.1 eayi g t | o<1 8.4 WUN, 2002 WO
99/ 33845 - é@ineﬁ, gre%ljaxiyj éz_zoaa\.ﬁ(é}gll. E?(Hﬂliles ol?%llghpﬁﬁ&%de vinyl, all%'LlJ, 1

20 methylvinyl, butenyl, iso-butenyl, 3-methyl-2-butenyl, 1-pentenyl, 1-hexenyl, 3-hexenyl,
1-heptenyl, 3-heptenyl, 1-octenyl, 1-nonenyl, 2-nonenyl, 3-nonenyl, 1-decenyl, 3-decenyl,

1,3-butadienyl, 1-4,pentadienyl, 1,3-hexadienyl, 1,4-hexadienyl.

The term "alkenylene" denotes a divalent alkenyl group as defined above.

25
The term “cycloalkenyl” denotes cyclic alkene groups, preferably C, ,, cycloalkenyl.
Examples of cycloalkenyl include (cyclopentenyl, methyl cyclopentenyl, cyclohexenyl,
cyclooctenyl, 1,3-cyclopentadienyl, 1,3-cyclohexadienyl, 1,4-cyclohexadienyl, 1,3-
cycloheptadienyl, 1,3,5-cycloheptatrienyl and 1,3,5,7-cyclooctatetraenyl.
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PCT/ AU98/ 01072 deri vative displaces the group in a substitutidd rIN208 to
forman organic boronic acid derivative. In the case of reaction with

doubl e and triple carbon-to-carbon bonds in the presence of platinum and

| i ke cat al wedy99/338¢ di boron conmpound tends to undergo an addptyQegeaRti on
across the double or triple bond to formproducts in which the boron S
esters are | ocated on adjacent carbon atons. The terns "hal ogen-1|ike
substituent” and "pseudo-halide" refer _tgo any substituent which, if present
on an organic conpound, may react with a di boron derivative in the presence
of a Goup VIII netal catalyst and base to give an organic boronic acid
derivative.,Preferre hal ogen substjtyents include | and Br. Cl nay al so
be used al tHEUGH cFY&gf}lgswg%m npiess dnalentyeonbedllaens 8 icfried pbte

di boron conpound. The reactivity of chloro substituted organic conpounds
can be increased by selection of appropriate |igands on the Goup VIII

met al cat alTtetternEXanpd! ésusetl Headin gie thel brisedesudente toufidraroiang lavstnadd tifg ot eiagand
mesyl ates, di azonium salts, phosphates and those described in Palladi um
Reagent s & SEsiemy Peaferably having dd4e i20iearhon atprganilhe Sipgtadéngssysieny may sgpiain gagn

/| , -A7] WA d h in,. th " i
or ou o OF o8 Wterpaiiis Jefefleg TR 3, Q26 BB G tinkey e B Farbefdlye o
boroni ¢ acihdter@§icHE dr pSdlidoedtbfiati€ axtidday b H{b?xlo%ﬁ)o?yl‘?:@@ﬁ@ ﬁh%gfs_téxﬁﬁs Exgﬁ%}]ees

skilled in the art and include hal ogen and hal ogen-1ike su ituents.
t enper at ur of svitabilé cimgs ireelpdecputrant nomlirited toebahizeme, diphenyk iterpbertydy quatarphenyl,

conducted wil] depend o nunber of factors_ including the desired rate of
reacti on, %PWBI%FB‘F ’yteHﬁﬁy ‘ﬁ@ﬁ?ﬁﬁ%@r&‘?’ 6‘5’@43’3“31985\@&%{ %“‘g’f?c?q‘?e diy\dgeanghracene,
sol vent, bkl |t e re -
reaction V\A%Hdaglglr{g%a I’f/l eg& %}ﬁmtaﬁéeﬂél’ gh%%aﬂg?ac_e%g,gp%glegg,g%& [(ﬁlﬁléj’a‘fe%l?é; EFﬁryr‘elegiéln e
enbodi nert tptenpipyeiise, ithiophéded bk tifabpleent engpheiaithiophdie| whanhnanthraf) |

more preferably between 15 and 40C. Chiral diboronic acid derivatives may
be prepar e®yfangm isohanapfusamy chiggenes ¥artiadng, phenegathiincpyrselt atneidazphelgyyrazole,

CTTN 2000 Rt Y ifind, bl dRadlb B ok, taihdie, Sl iobfe -
whi ch case j@qafREnha! pRRaktRR, YhinbxdMhe! 80HhIAike, HRRAIHR! b&Baﬂﬁ?,tJa?oolme,

enanti omers nmay be achi eved conventionally using conventiona

chr omat ogr ppbaanthredihedacridied, (phienantiroiine) plehazingtisethmpoly, isooxzazol, iphenoxazine
resolutign, or usjing a resqlvin ent. The individyal chiral fornms ar

al so parltg1 Wg%ﬁfb‘?’e@@ht"?lvﬁvghfq%ﬁg’% aptipny r%’tl?s%ﬁdvauﬁ?ev@@c%‘i“élpﬁ'i%tlég
chiral centrges {yf, fi'ﬂgrsﬁsthﬁﬁ Which T8R! Li&! Eroﬁ?ﬁﬁ@,sﬁut%hia?fs §t€(ﬂ%{i by 3héans of
particul arly usefu n"the preparation of enantioners of chira Xorrpounds.
I n this regelodalization dfos siebtrens and bshavesindi similonmanongrag dorhaid riggso NExAmples
nore chiral centers, and an enantioneric excess of one enantionmer, with an
or gani ¢ co®pdserdloaeamatis Engoinelnde buk awgorat Jienitedite furgnp friephene apyreelg gad dhe
boroni c aci ﬁﬁ ester derivative in which the chirality is preserved. The
chiral orga\ t boronic acid derivative may then be reacted wi th another
organi c gpnpound to produce a new chiral centre, the stereochem stry of
which is induced by the stereochem stry of the chiral organic boronic acid
deri vat i ve.Th8uetmatihBphatiganing oc vnp cystein” \as tikedviidrein refers wax hon-hwnwticr al
organi ¢ boronic acid derivatjve include 15 al deh s, and unsy, i cal

et ones, _asaagyic,ir Beterarelic g 45 Fing BHEEe BBy TaTETORAE0 CHEpon s
al so possi o] e i r [WeTpe:10 i i jC
bor oni c aciq%&g%r F&gﬁﬁﬁofﬁﬁéfﬁgﬁ#‘ﬁ%} %%%ﬁﬁgggce ctrclllb?%llg dggg?lélb%ggﬁp%n It:‘:Sn
whi ch the helsuitable atiphgtid Angainolude badatehioo liglitedas tcyclobewdne, atyalopemadieneit t he
bond linking the aromatic rings (also referred to as atropisn)., 20 In a
parti cul & 19yclohexanone dcysiekarens rpitefl 4t hdeqaneleand yidrogeaptsd os pattiallyvat i ve i s
prepared by rdeacti ng .a suj.tabl e diibar.on, reactant with a chiral diol,

exanpl es i rﬂyl ﬂ?ﬁfnﬁﬁe ANEGAYy gy F%S‘“pSFB ?f? alfoé’f;t rate, and sugars, such as
mannose or gal actose and |ike sugars containing cis-hydroxy groups or other
hydr oxy groups suitably orientated to couple with boron. The 25 chiral

di bor on derTheaerme'arytage't dscused dieraim demdesv tivakeni {atpl "emoretyass defmedpbavels
havi ng boron reactive sites to produce chiral organic boronic acid
derivatives. These may be

30 As used herein, an "olefinic" compound refers to any organic compound having at least



reacted in a stereospecific manner with an organi ¢ compound, 1\ﬁ tJUN 2802
formation of a new chiral center. 30 It is also possible to activate the
boron to boron bond by selecting an R to R4, A A, or 18 JUN 2002 WO
99/ 33845 R@N99M8338% 01072 - 1S AZ substituent which is capahicaygfosfoggizher
co-ordinating with one of the boron atons. Such groups woul d include -an
el ectron rich substituent or atomwhich is capable of feeding electron
density onto the boron atom Exanples_gf. electron rich atons include
oxygen, nitrogen and sul phur. 5 Adifficulty with using the known pi nacol
ester of diboronic aci d to produce organic boronic acids is that it is

di ff [t t I t t t th di i
bor oni ¢ a1 CAREREP Lot baniov it et At LD FRAET BORGF-08 aRFHRS yse
or e 1 eadisefnnalng BRic@foufiad flay bESRERA TR 8hMrily AoAiA Sikight NO On

the carbon"a to the X 10 noiety are surprisingly easy %lo cleave to
~ cor r esponchaig, boarched oacydic diemey; andshelecuwes, imatomess amd mapmnolenmllesrduyh as

ful f h [ | ' t | ect subst ts t
pr ove ¢ el '?ra%ﬂﬁ%gemefshév i e dklepy o0 Farion ta capr douPEDOS8) vent i n
i ch 2 s UHARRIENC SRR AEIS o) BB TRAETLAYe nxhsrﬁﬁ EF UhykhdY 15 of

on C r‘rpoun

t he di bor can e |ncre I'ntroduci ng such as

hydr oxy gmpesdend, Hue-1tée, Biu-zené?ﬂpenel-eﬁe, P 2benes uﬁtﬂépént@e; $-m§hﬂbbﬁ‘tﬂi-y it
is possible to select substituents which increase the solubility of the
di boron cenpoberdliemet hex-2eser et-benariyelobexanenheptdeenvahgpted-cnhdiepbBenec

acid ester d I’IV&'[IVZ %)r yp@)red fromifhe nov‘jb di bor qni ¢ a der Vatl%
accor di ng b 11496 BFlasEnt: 9¥& é’ﬁ‘teP%rPOé‘r’ e NPDHBERE, defid -Eep ABserncatYtarl
aspect Oof il BEASCNU-diHeeidiobnel ezseeeé GRALIC RRIRN LG 108KGRRY | ves MRy
be reacted wth organic co oun aV| or nore boron reactive
sites tiD pyokdhera-tpiiieac qyrcmﬂxamhsl BQwMeMmlmpm-chﬁﬁe:enIhﬁs eyclooghi1ng,s,7-
reactions are general]| y conducted in the presence of a group VIII netal

catal yst 4piReacseRqhepl Whisharay bereptionalte substipted: obisérably the serighthain t he
whi ch ar o SHTLRH 37 SHEOC Biene orbatfs FURRA] Zap® 20 Tl AGRE' ' V35 TN 5002 W0

991 33845 - 16 PCT/ AU98101072 rearrangenents. These reactive internediates

may be the organic boroni c acid deri'vati ve or the coupled products. For
exanpl e, dng@miweGGCMm aptionaljesubstatuiedé sneany thah k € rour may or oy rot badnsherf

t he pal mcat al ysed reactions of or obor. ungs descr,i bed by
M yaurai %UE'GQW%O%BWOF%?O“E@%C“ P l%gﬂfég(ng &ﬂ? gl BeliRer

types of d
i nvent i on%:ﬂ E}s’e u krgle%ggl??]?(gﬁycl P%géggelﬂg% té%)pl cgﬁf%ﬂgx%(#?%%gBIOOZ%
and PCT/ AsgloRp4R§l, berezylaxyehblpalkoxy,| Haloubkenlybxglebaoatybekywisobyanef eyamce to

the foll owi ng exanples which il] ustrate sone preferred enbodi pents of ihe
i nvent i on.formyl, é:aflgpx‘yé RiHgePiogiky L 1 Mgpalkenyl, nitroalkynyl, nitroaryl, mtroheterocyclyl,

amino, alkylamino, dialkylamino, alkenylamino, alkynylamino, arylamino, diarylamino,
20 benzylamino, imino, alkylimino, alkenylimino, alkynylimino, arylimino, benzylimino,

dibenzylamino, acyl, alkenylacyl, alkynylacyl, arylacyl, acylamino, diacylamino, acyloxy,

alkylsulphonyloxy, arylsulphenyloxy, heterocyclyl, heterocycloxy, heterocyclamino,

haloheterocyclyl, alkylsulphenyl, arylsulphenyl, carboalkoxy, carboaryloxy mercapto,

alkylthio, benzyithio, acylthio, sulphonamido, sulfanyl, sulfo and phosphorus-containing
25 groups.

The term "fused aliphatic or aromatic ring" as used herein in relation to divalent groups
A, A and A* means that one or more of the bonds connecting the X moieties of the
compounds of formulae I, II or III is part of an aliphatic or aromatic ring system.
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10 particularity of the followi ng description is not to sup‘graseJé]eN gpl[g
generality of the preceding description of the invention. EXAMPLES 1 S
GENERAL PROCEDURES Ceneral procedure A Two equivalents of diol is added to
a sol uti orwoMIBa4Faki s(di net hyl am no) di boron in dry diethyl PETHI98QNTRr
nitrogen. The reaction mxture is stirred magnetically and cooled in an

I ce-bath before adding a dry etheral solution of hydrogen chloride (4

equi val ents) over | h. 20 After stirringoovernight at roomtenperature the
reaction mxture is filtered and the solid collected is extracted with hot
benzene (2X) to renove the dinethylam ne hydrochloride salt. The ether

filtrate a t i t ER ”%dﬁy J The
resul t ant ggggél}g?i}@gf@eﬁ@ %g%%l?tn%g& r ecryg% g?fggdeﬁgq%yo eonggne petrol eum
spirit (6084hblerfdr donding witheanolticy chataculmvicth Exmeplks oPsostde diaBnl poups
equi val ents of diol is added to diboronic acid in benzene and the reaction
mi xt ur e heiiehde atgdene; atkepylenyrcysloatkylane andithgylike.Dean- St ar k appar atus. The
benzene solution is separated fromthe water formed, dried and taken to
dryness under vacuumto give the 30 diboronic ester. The addition of

nmonoal cokoThe " a851"e4sRAB@ heRin FEErE 361 BArbaMBY D QPR 4c91 group! and at ‘[g ugq9?2
WO 99/ 33845 - 17 enhance this procedure. General Procedure 8PCT/%\ 8/ 01072

Two equi vateferred wf aschetdrocycligddpld preferablioConigacyki Bxamplesof atyldndiide an. A

dehydratin agent such .as anphydrous sodi ym sul phate is ded and the
reaction n‘?%fgmgy gﬁﬁrwgéﬁchﬂn PoOBIAE Eaéloﬁrﬁmg\ﬁé AFEYHe acefib PEBRAROYbN i s

i bor oni ¢ REAT iAo, baliab 2 SRR IBEEEoV A Cnil g, 1O
can be usegttimoydh@nResyl decaool endécnoylndogucaseyis idetaoydeleyddédaho@, agent

I's not always necessary for satisfactory yields. 10 Exanple 1 .
(4R 4 R16 Rpatmecaayl apaxadsdangylp hepipdecanoy?. etadeshanyd ronade@ooyl andCiegsanbyki C

oo { ERaBR SR ok, RS, B 855l Proeech e
TP St O At RIS Sorl ¢ 2 g
Thi s di borgyulaprepylearbosylp cr@abmaylicarbohyiwicpgjoprtdcabonyl canddhychaxyisanbgnyl;
alkylsulfonyl such as methylsulfonyl and ethylsulfonyl; alkoxysulfonyl such as
15 methoxysulfonyl and ethoxysulfonyl; aroyl such as benzoyl, toluoyl and naphthoy};
aralkanoyl such as phenylalkanoyl (e.g. phenylacetyl, phenylpropanoyl, phenylbutanoyl,
phenylisobutylyl, phenylpentanoyl and phenylhexanoyl) and naphthylalkanoyl (e.g.
naphthylacetyl, naphthylpropanoyl and naphthylbutanoyl]; aralkenoyl such as
phenylalkenoy! (e.g. phenylpropenoyl, phenylbutenoyl, phenylmethacryloyi,
20 phenylpentenoy! and phenylhexenoyl and naphthylalkenoyl (e.g. naphthylpropenoyl,
naphthylbutenoy! and naphthylpentenoyl); aralkoxycarbonyl such as phenylalkoxycarbony!
(e.g. benzyloxycarbonyl); aryloxycarbonyl such as phenoxycarbonyl and
napthyloxycarbonyl; aryloxyalkanoyl such as phenoxyacetyl and phenoxypropionyl;
arylcarbamoy! such as phenylcarbamoy!; arylthiocarbamoy! such as phenylthiocarbamoyl;
25 arylglyoxyloyl such as phenylglyoxyloyl and naphthylglyoxyloyl; arylsulfony! such as
phenylsulfonyl and napthylsulfonyl; heterocycliccarbonyl; heterocyclicalkanoyl such as
thienylacetyl, thienylpropanoyl, thienylbutanoyl, thienylpentanoyl, thienylhexanoyl,
thiazolylacetyl, thiadiazolylacetyl and tetrazolylacetyl; heterocyclicalkenoyl such as
heterocyclicpropenoyl, heterocyclicbutenoyl, heterocyclicpentenoyl and

30 heterocyclichexenoyl; and heterocyclicglyoxyloyl such as thiazolylglyoxyloy! and



18 JUN 2002 WO 99/ 33845 - 18 PCT/ AU98/ 01072 2- met hoxy- et hanol . 1 8+ JUN 20¢pC
200MHz): b 3.36 (3H, singlet; CH ), 3.42-3.51 (2H, multiplet; BOCH2) and
3.62-3.71 (2H, multiplet; C320). Exanple 3 5

Bi s( (1S, 2S,wB.9983846 +) - pi nanedi ol at 0) di boron(B-B) H3C .,,' O ECﬂQU%(ﬁEhI S
di boronic ester is prepared foll ow ng general procedure A using

(1S, 2S, 3R, SS)-(+) pinanediol. Yield 98 %. '"Hnnr (CDCl" 200MHz): 8 0.77
(singlet, 3H C/CH/), 1.01 1.13 (doublel, 2H, C,CH), 1.20 (3H) singlet;
C,CH ), 1.87-1.91 (2H, multiplet; CZCHZ& 15 1.92-2.31 (3H, rrultlplet
CHzZCO and O ~- CO and 4.15-4.26 (1H, multiplet; C2CHO). Exanple 4

(4R, 4' R) - bi phenyl - 2, F -bi -1, 3, 2- di oxabor ol ane 20 C-~0...CB B, 00 25
Thi s di bor fet[,’yéélf 9 prepared fol | owi ng general procedure A using

(R -(-)-1-phenyl -1, 2et hanediol. Yield, 88%. '"Hnnr (CDCI" 200MHz): 8
3.90-4.01 (1H, triplet; CHC, 4. 42-4.57 ( 1 H, triplet; A~zC and

7.10-7. 31 TiwHibotontdepivativesAnki) be niade fslldvibEitic ﬁl@ﬂw&lbf Bréthétor' 8t 41. IRG;
'‘CHz), 78. 78 ( 1 C, CPh) 125.71 (2C, m~), 128.17 ( | C p-~), 30 128.70
(2C, o-~) dhi@thesion, dsL( McGipskey, B)L. Petersqn mQJHNSQ-’@m:rw otmazLiem. Seo 82,

10 PCT/ ALM?%%&%G%@R%&%“%&% i SLaPRRI AT PR doar ca
Vel a7 S Eo 200k o pREEMERMEY phuin APRagiger
74.80, 114.B(l; M%Nﬂﬂdezlw(}(ﬁﬂeaaﬂ tolBEB(GtMezl2 5y Eactipl with a stoichiometric amount
of BBr;. Reduction in refluxing toluene with sodium metal gives the diboron compound
[B(NMe,),], which, after purification by distillation, can be reacted with the alcohol (for
10 example, pinacol or neopentanediol) in the presence of a stoichiometric amount (four

equivalents) of HCI to give the desired ester product.

With many alcohols this reaction is unsatisfactory, the reaction being slow and complete
removal of the amine being difficult unless anhydrous mineral acid (four equivalents) are

15 added to the reaction.

An aspect of the present invention is the discovery that esters of tetrahydroxydiboron can
be readily synthesised in near quantitative yield by the reaction of diboronic acid
(tetrahydroxydiboron) with alcohols (including diols and polyols) and this reaction does

20 not require the presence of acids. Furthermore, it has been found that the reaction of
tetrahydroxydiboron with certain diols can be carried out with advantage in the presence
of simple monoalcohols such as methanol or ethanol without these monoalcohols being
incorporated in the final reaction products. These reactions, in the presence of
monoalcohols, show that tetrahydroxydiboron esters of these monoalcohols readily

25 undergo transesterification with diols that can form ring structures on a boron atom. The
transesterification represents a further procedure for the production of esters of
tetrahydroxydiboron. These reactions can be performed in a variety of solvents or

mixtures thereof.

30 Accordingly in a further aspect of the present invention there is provided a process for the
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2,2' -Bi - (3aR, 7aS) hexahydro-1, 3, 2- benzodi oxaborole \ % 20 O ‘!)BTHJi S 2

di boronic ester is prepared follow ng general procedure A using cis-1,2
cycl ohexanediol. Yield, 65 %. "Hnm (CDd 3, 200MHz): 8 1.20-2.00

(mul tipl etwo Bid3845 32) and 4.30 (nultiplet, 2H, CH). 25 Exanpt©avesnior2

Tet r ai sopropyl :

(4R 4" R, SR, S R -2,2"-bi-1, 3, 2-di oxaborol ane-4,4'S,5"' -tetracarboxylate O O O
O3 odB80O', Oo~ 1 18 JUN P02 WD 991 33845 -20 PCT/ AU98/ 01072
Thi s di boronic ester is prepared foll ow ng general procedure A using
diisopropyl L tartrate. Yield, quantitative. 'Hnnr (CDClI" 200MHz): 8

L ot AP e S e RSP kil S 8 e
cycl opentightal ool di?'dr\]/ao?cﬁ'fgf LXARHY @er %ncﬁ\ﬁorﬁ é?lcEQha?tQ.?ér Qibﬁrcﬂ‘]ip%iﬂ nic
ester is prepared follo g general procedure using cis-1,

cycl opentramedivith.thé'dil dr pdBoYto produdenthe (dihaEbn deflOMNz) © 8 1.40-1.61
(multiplet, 4H OCHCHZ), 1.75-2.00 (nultiplet, 2H CH, Cl ~ZCHZ) and 4. 80
(multiples, 2H, OCH). 15 Exanple 9 (3R 65, 3'R 6

S)-Di - ( r rol 3. 4- -2,2' -bi-1,3, 2:.di oxabor ol ane | ~, ~~8-B~~~I1|

o 20 . §07‘[5 ’E}ﬂ&y‘%?ﬁggaﬁg%ﬂ?%’ﬁ?‘f:‘}r%’s?‘érp r?csesf)?%dﬁiqlg%?? g}flf SR °fg§‘ﬁé’|’%ﬁe"br ocedure

A using Jinéexﬁiehy@kdaqrsmtfhéa%o tive %Jr@hes@&@ tetrihydbxydidron es@AMH acid

3.40-3.50 (multiplet, 2H H)y, 4.00-4.14 (miltiplet, 2H, CHH and 4.90

(mul ti pl eensitvg alGilidls. The Eyathedisofl@trahydroxydiboron esters with alcohols possessing

4, 4" -Bi s(nmet hoxyne'gﬂhe(l )-2,2 -bi-1,3, 2-di oxabor ol ane .

' basic functionalities’ are difficult using the known literature method since the products

obtained are partially or fully protonated on their basic functionalities. The process

10 according to this aspect of the present invention does not have this inherent problem.

In the prior art procedure the side product, the acid salt of the amine, must be removed to
obtain pure product. A major advantage of the present process is that product obtained is
sufficiently pure that it can generally be used without the need for further purification.

15
The diboron derivatives according to the present invention are useful in the preparation of
organic boronic acid derivatives, and by selection of appropriate substituents and
reactants, it is possible to use the diboron derivatives to form organic boronic acid
derivatives which are useful in organic coupling reactions.

20
The organic boronic acid derivatives are generally prepared by reaction of a diboron
derivative of this invention and an organic compound in the presence of a Group VIII
metal catalyst. In order to participate in such a reaction the organic compound should
possess a boron reactive site.

25
The boron reactive site may be a halogen or halogen-like substituent on the organic
compound, a carbon to carbon double or triple bond, or leaving group located in an allylic

position.

30 In the case of halogen or halogen-like substituents, and allylic leaving groups, the diboron



91% UNZBUZ
0\ %30 OOB\O This diboronic ester is prepared follow n ener al

procedure A using ~18 JUN 2002 WD 99/3384S -21 PCT/ AU98/ 01072

3- et hoxy- 1, 2- propanedi ol . Yield, 96% 'H nnr (CDCh, 200M—Iz) 8 3.23
(singlet, 3.30-3.40 (multiplet, 4H CH30CHH)

(mul tipl et) ngl-lSOCI-IH ), 4.10-4.20 (triplet, 2H cnzos) Sredistsigon
(multiplet, 2H OCH). S Exanple 11 2,2'-Bi-1, 3, 2-di oxaborepane O'B-.B y0 O
O 10 This diboronic ester is prepar ed fol | ow ng general procedure A using
1,4-butanediol . 'H nnr (D6-DVBO, 200°NPZ): b 1.36-1.42 (multiplet, 4H
CHZCH~CHz) and 3. 36 (rrulti pl et, 4H CHZO) 15 Exanple 12

5, 5" - Di hydr oxynet hyl - -Dinethyl -2,2"'-bi-1, 3, 2-di oxabori nane OH B-B HO O
~0 20 Thi de@v%wp&wmacggﬂ@rgmgpmep@bs@wtm neaWQiQtngenaraal orgamie baronic Eidisi ng

1,1, 1tris droxy et hane.. Yi e

079 (s HGANVEGTR B¥ gt feyos vy aaitie i rmlgfar eéw cabpR oot (e
4.76 (tri I und ni z
259 (M) b l'e‘éfr,%nch?d; finopfald ‘S‘F‘i gtgs&’glél?qmgﬁ?n tonds g‘f dodéte o%‘?B— B) CH3
30 B-Bii a@ht-ﬂﬁlﬁ:reactlon acmuMaimﬂbM@r&ﬁbB:B&ﬁﬂ te?ﬁnﬁ@éd%ld%ﬂn&ilﬁzﬁ thehbaron

di boronic ester is epar ed foll ow ng general procedure A using

1R 2R, 38, SHErs)are{qcaicd finpadjacenicgagbonyatonss. ' H nnr (CDCI" 200MHz:): 8 0. 84
{ringlet, 6H 2 x C/CH, ), 1.08-1.14 (doublet, 2H 2 x C,CH), 1.28 (ringlet,
6H, 2 x C,CH, ), 1.39 (singlet, 6H 2 x Cl13.,C0), 1.87-1.97 (nultiplet, 4H
2 x CZCHZThe ferfitfs- %aﬁ)éeﬁiﬂkbtshwtl@dent'ﬁﬂld %)s‘éu@ﬂﬁ@@eaﬂéfe'ﬁ t@aféy GithsthueAn@hich, if

4.24-4.29 (multiplet, 2H 2 X calc. for H, ZBZO, 358. 09,
f ound n zpBSent(aw an arganic compound may react with a diboron derivative in the presence of a
Group VIII metal catalyst and base to give an organic boronic acid derivative. Preferred
10 halogen substituents include I and Br. Cl may also be used although Cl is generally less
reactive to substitution by the diboron compound. The reactivity of chloro substituted
organic compounds can be increased by selection of appropriate ligands on the Group VIII
metal catalyst. Examples of halogen-like substituents include triflates and mesylates,
diazonium salts, phosphates and those described in Palladium Reagents & Catalysts
15 (Innovations in Organic Synthesis by J. Tsuji, John Wiley & Sons, 1995, ISBN 0-471-

95483-7).

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

20 skilled in the art and include halogen and halogen-like substituents.

The temperature at which the preparation of the diboronic acid esters is conducted will
depend on a number of factors including the desired rate of reaction, solubility and
reactivity of the reactants in the selected solvent, boiling point of the solvent, etc. The

25 temperature of the reaction will generally be in the range of -100 to 200°C. In a preferred
embodiment the process is performed at a temperature between 0 and 80°, more

preferably between 15 and 40°C.

Chiral diboronic acid derivatives may be prepared from chiral starting materials or

30 intermediates under conditions in which the chirality is preserved or they may also be



Exanpl e 14 2,2'-Bi-4H 1, 3, 2- benzodi oxaborinine 10 OO~/ 0 015. E’»U#lh?'@z
di boronic ester is prepared follow ng general procedure C using
2- hydr oxybenzyl al cohol. Yield, 77% 'Hnm (CDCI" 200MHz): 8 S. 12

(ringlet, WdooRagqsAr CH2), 6.91-7.26 (multipiet, 8H 2 x Ar H)pcﬁuwomnal C.
for C'H zZB=O = 265.87, found mz 267 (Mtl). 20 E, , x~nple 15

4,4"' -Bi - (phenoxynet hyl)-2,2'-1, 3, 2-di oxaborol ane ~¥8 B\ O-OPh PhO~-CO O 25
Thi s di boronic ester is prepared foll OV\H19 general procedure A using

3- phenoxy-1, 2-propanediol. Yield, 71 % "Hnnr (CDCI" 200MHz): b 3.96-4.41
(multiplet, 84 4 x CHZO), 4.74- 4 86 (multiplet, 2H 2 x OCH) and 6.86-7.34
(nmultiplet, 30 10H 2 x OQArH). . calc. for C eH20B:06 = 3S3.97, found
mz 355 (wre?)are via fhe rORMAISOR ngﬁsmssmataugs stemwﬂmeereq-@red Separation of

4.4, 4" 4" t ,

PCT/ AUQ8/ 0 aﬁ‘ﬁé&g{’} lﬂ%‘# B% aghlgs d&m%gg%rgﬂ g%gg'gf W%‘vt\ﬁ g%‘é‘ﬁr@%{gmﬁp&edure
A using 2- wrktivds-idelddi r@hﬂﬁpamhmatogs@r@,, exﬂyn%uc rekb106idn,, ( a %@&Mﬂ@ 8
1.18-1.32 (nultiplet, x 10 56(rrut|ple 2H;

HCHC), 1. 69gq1t7 l(ermdtvuq;uaéphlral-fonns md—m@aranﬂtm OFsent pesiti. ti pl et 2H 2
x OCH). W : talc. for C ZH2, BZO4 = 253.94, found mz 255 (NH) Exanpl e
17 15 5, é 5,5 -Tetraethyl-2,2"-bi-1, 3, 2-di oxaborinane O O e-B i 0 20

Thi s di bor af
2.2 di et hy%&é’ﬁﬁeﬁéﬁaﬁéf’%ﬁ%‘ﬁ€| aighirsEUild, EERErs o BAGREHI °%"E§§8Q’3é’“8 82

(triplet, isdhierdave partiqularly 8sefil iithé grepatation of Idnaﬁhomdfkaﬁ.bhlfiﬂ,cbmodnc& 65
(singlet, 84 4 x CHzZzO. F. W: tal¢c. for C'H-BZOa = 282.00, -found nl z 283
(M+1) . this regard it is possible to react a diboron compound having one or more chiral centers,
and an enantiomeric excess of one enantiomer, with an organic compound having a boron
10 reactive site to produce an organic boronic acid ester derivative in which the chirality is
preserved. The chiral organic boronic acid derivative may then be reacted with another
organic compound to produce a new chiral centre, the stereochemistry of which is induced
by the stereochemistry of the chiral organic boronic acid derivative. Suitable organic
compounds with which to react the chiral organic boronic acid derivative include
15 aldehydes and unsymmetrical ketones, as reaction at the carbonyl produces a new chiral
center. It is also possible to couple sterically hindered aromatic rings via an aromatic
boronic acid derivative intermediate to produce chiral biaryl compounds in which the
helical sense is maintained through restricted rotation about the bond linking the aromatic
rings (also referred to as atropism).
20
In a particularly preferred embodiment of the invention a diboron derivative is prepared by
reacting a suitable diboron reactant with a chiral diol, examples include pinanediol,
diisopropyl tartrate, and sugars, such as mannose or galactose and like sugars containing
cis-hydroxy groups or other hydroxy groups suitably orientated to couple with boron. The
25 chiral diboron derivatives may then be reacted with suitable organic compounds having
boron reactive sites to produce chiral organic boronic acid derivatives. These may be
reacted in a stereospecific manner with an organic compound, with the formation of a new

chiral center.

30 It is also possible to activate the boron to boron bond by selecting an R! to R?, A, A', or
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25 Exanple 18 4,4' 5,5 -Tetranet hyl -2,2' -bi -1, 3, 2-di i oxabor ol a1ng ‘c,)lljB-%?gz

30 This diboronic ester is prepared follow ng general procedure A using
2,3-butanediol. '"H nnr (CDC13, 200MHz): 8 1.10-1.28 (nultiplet, 12H 4 x

C~,) and ¢gledrdsfx2 (multiplet, .18 JUN 2002 WO 99/ 33845 p&,,,&jds,oﬁ,ﬂ CH} .
Example 19 4,4'-Dinet hyl -2, 2' -bi -1, 3, 2-di oxabori nane 5 o~ B-B

PCT/ AU98/ 01072 Thi s di boronic ester IS pr epar ed follow ng general procedure
A using 1, 3-butanediol. 10 Yield, 94% g—i-nrrr (Cbcal™ 200MHz): 8 1.21-1.25
(doublet, 6H 2 x CH). 1.56-1.94 (multlplet, 4H 2 x CH-Cl ~2CH and
3.81-4. 14 (rrultiplet 6H, 2 x OCl =1z and 2 X OCH) F W calc. for

CgH, 6BZO04 = 197. 83, found mz 199 (M- 1)

55" Df ot Y1 SIpSttiin WHIOh {5 aablg S JRTEhGE o-OrG MGIEE WS of o heTOnGLarEs. | s

prepared f h 2 di ol .
e a, o6 owch SrdUbsnb0RhSci RS TRRL Forthil? WiRie i Moyl B BpRBERTG T
|.97-2.17 (feadihg Blebiron dhsity dht@ﬁ'@"ﬂ)(ﬂron §toﬂ3 ﬁxﬂ le$ bf ﬂb@ﬂron ﬂbh atbms ihKiEEH3)
"and 3.87 3.95 (rmultiplet, 4H 4 x EN calc. for CeH, 6BZO, =
197. 83, fowmﬁged,mltmgex’(mdls)ulpw Exarrpl e 21 B| -(d| napht ho[2,1-d:1, 2
fj)-2,2' -él)i-l,3,2-di oxaborepine / \ ~\ \ ~i \ / 30 DB B~~ v ] ~~1 \\
/\ 8 JUN 2002 WD 991 33845

A difficulty with using the known pinacol ester of diboronic acid to produce organic

boronic acids is that it is difficult to cleave the pinacol ester to give the corresponding

organic boronic acid. Other esters of this invention have been found to hydrolyse more

readily than the pinacol ester. Esters containing an aromatic ring on the carbon « to the X
10 moiety are surprisingly easy to cleave to the corresponding boronic acid. Benzy! ester

derivatives are particularly useful for this purpose.

It is also possible to select substituents to improve the solubility of the diboron derivative
in a particular solvent in which a subsequent reaction is to be carried out. Water solubility
15 of the diboron compound can be increased by introducing polar groups, such as hydroxy
groups, into the R' to R*, A, A' and A? substituents. Similarly it is possible to select
substituents which increase the solubility of the diboron compound in the desired organic

solvent.

20 Many of the boronic acid ester derivatives prepared from the novel diboronic acid
derivatives according to the present invention are also novel and represent a further aspect

of the present invention.

These organic boronic acid derivatives may be reacted with organic compounds having
25 one or more boron reactive sites to produce coupled products, as described above. These
coupling reactions are generally conducted in the presence of a group VIII metal catalyst

and a suitable base.

The process and compounds according to the invention are also useful for the preparation

30 of reactive intermediates which are capable of taking part in further reactions or



: 25 PCT/ AU98/ 01072 This diboronic ester is prepared follow ng.l Beﬂwazﬂﬂz
procedure A using 1,1 -bis- 2-naphthol. "Hnnr (CDClI" 200MHz): 8 6.90-6.95
(multiplet, 2H ArH), 7.12-7.34 (multiplet, 6H, ArH) and 7.83-7.99

(mul tipl et wolddizadesH) . S Exanpl e 22 PCT/AU98/01072
6,6'-Diethyl-2,2"-bi-1, 3,6, 2-duoxazaborocane 0 O \ 10 This di boronic-ester
Is prepared followng a simlar nmethod to that described in general
procedure C using N-ethyldiethanol am ng, but this time adding the sodium
sulphate in the initial stages of the reaction and heating the mixture
under ref(ux. 'Hnnr (200MHz; 15 CDCl,): 8 1. 15-1. 23 (trlplet 6H, 2 X
ClA), 288291 mul tiplet, 12H . 6 x g;H nl@?'% rrultlplet 8H 4
x OCHz). EXCBNGPEcoents, 6'nesy ?Féf‘l‘u‘iﬂ mgeﬂzle Bfes ay ecﬂf&%\% proniscagid devatiye” o

8 usi ng N ool Ry AP RaHragiar RoPeldihols bt Softhic A WHORSAENaP RASTA " ©
6H, Clj 3), ode dOndrS8bf (hmiaﬂlla@ﬂuﬂi cat&k‘sedélreact%ﬁf oﬁgiﬂoBorBﬁ-&n%ﬁuﬁMésbﬂb&i 5y
8H, 4 x CH=O). 30 ~ a UuN zooz WD 991 33845 -26 Exa 24 5, 5, 5

-Tetr apheanyalra and uzyki ig, Chem. d?@bd&f)ﬁ,a%24:57~2483phEmerlph ofotheptypes of
et 3 ot R e e R ot Ll e 4
(ringlet, %ﬂop@h@% @PHcatiohs PETIAUIBHG24B 8 PCHRUAY47610 Exanpl e 25

The invention will now be described with reference to the following examples which
illustrate some preferred embodiments of the invention. It is to be understood that the

10 particularity of the following description is not to supersede the generality of the preceding

description of the invention.
EXAMPLES

15 GENERAL PROCEDURES
General procedure A
Two equivalents of diol is added to a solution of tetrakis(dimethylamino)diboron in dry
diethyl ether under nitrogen. The reaction mixture is stirred magnetically and cooled in an
ice-bath before adding a dry etheral solution of hydrogen chloride (4 equivalents) over 1h.

20 After stirring overnight at room temperature the reaction mixture is filtered and the solid
collected is extracted with hot benzene (2X) to remove the dimethylamine hydrochloride
salt. The ether filtrate and the benzene extracts are taken to dryness under vacuum. The
resultant products are then combined, recrystallised from benzene/petroleum spirit (60-
80°C) and dried under high vacuum.

25
General Procedure B
Two equivalents of diol is added to diboronic acid in benzene and the reaction mixture
heated under reflux for 24 hours using a Dean-Stark apparatus. The benzene solution is
separated from the water formed, dried and taken to dryness under vacuum to give the

30 diboronic ester. The addition of monoalcohols such as ethanol or methanol can be used to
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4,4, 4 .4 ,7,7, 7,7 -Cctanet hyl -2, 2' -bi -1, 3, 2di oxaborepane 15 O-B B~0 This

di boronic ester is prepared follow ng general procedure A using
2,5-dinmethyl-2,5 hexanediol. '"Hnnr (CDClI" 200MHz): 8 1.27 (ringlet, 24H
CH,) and hyébdosssangl et, 8H, 20 Cl3z). Exanple 26 PCT/AU98/01072

1,1, 2, 2-Tetraki s(neopent yl oxy) di borane 25 OO g-gi \ OO 30 This diboronic
ester is prepared follow ng general procedure A using neopentyl al cohol.

18 JUN 2002 WO 991 33845 PCT/ AU98/8107_217-_27 "H-nnr (CDC 3, 200MHz): S 0.93
(singlet, 36H, Cli,) and 3.62 (singlet, 84 CHZ). F.W: calc. for C~H' B204
= 370.19, found (GCMS) nml z=37] (M+l). Exanple 27 5

(4S,4'S,5S,5' S)-Tetranet hyl -2, 2" -bi -1, 3, 2-di oxaborol ane HsG . O O CHs /B ~\
~HcoO, " hange thi§ PGedUER hor oni c ester is prepared fol |l owi ng general
procedure A using (2S,3S)-(+)-2,3 butanediol. Yield, quantitative. 'Hnnr
(cocl " 200MHz): b 1.30 (singlet, 6H, CH/). 1.33 (singlet, 6H CH, ) and 3.99
(mul ti pl etGenkiral PidceddwreC: cal c. for CBH, 6B204 = 197.83, found (GCMVB)

m z=199 (M+l). 15 Exanple 28 Tetrabutyl

(4R 4' R SRW® sguivalents jgf dipl 35 addgH d dihorenie aeid4n 4etrahydrofaranr a4 slehydpting e O O
O %O 0O~B~0 O Thi,s di horonic ester i.s prepared follow n

gener al pABRUAFE SRatiydrapscion ey AR PR adif Bh il BaCHR Gt e copn
200MHz) : t ; ' NS et i '

G -zon ), e S TRe e gy R el AR BlAS B ) PPy Rl

Cl 3~0) andadui2 t¢ giehdythetdibarbinic@sken.2 JThe Bdditida if neshoalzohely Rdciwas mdeiaack ad by

GCvs. 30 'l 8 JUN 2002
ethanol can be used to enhance the procedure. The presence of a dehydrating agent is not

always necessary for satisfactory yields.

10
Example 1
(4R,4'R,5R,5'R)-Tetramethyl-2,2'-bi-1,3,2-dioxaborolane
H3C O 0O \\\s‘CH3
N,/
Hao‘\‘\ o o \CH3

This diboronic ester is prepared following general procedure A using
(2R,3R)-(-)-2,3-butanediol. 'H-nmr (CDCl,, 200MHz): § 1.22 (6H, multiplet; CHCH,)
20 and 4.00 (2H, multiplet; CHCH,).

Example 2
1,1,2,2-Tetrakis(2-methoxyethyloxy)diborane
25 \O O/
\—0\ P —/_
B—B
O/ \O
0 —/— _\—" 0]
/ \

30

This diboronic ester is prepared following general procedure A using



WD 99/ 33845 - 28 Exanpl e 29 PCT/ AU98/ 01092 18 JUN 2002
(R4 RSR S R-NNN,N,Ns, N,Ns'",Ns'-Cctanet hyl -2,2"'-bi-1, 3, 2-di oxabor ol
ane 4,4',5,5' -tetracarboxanide OO 5 ) \NJh: O%N~-\B/NO O',,I-N\\ OO
10 This dybesessysc ester is prepared foll ow ng general procegyaqofeisdeNg
N,NN,N tetramethyl L-tartaramde. Yield) 74%. 'Hnnr (CDCl" 200MHz): ~
2.90 (singlet, 12H, NC~L3), 3.14 (singlet, 12H, NCH,) and 5.54 (singlet,

4H, CHC=0). Exanple 30 15 4,4,4',4' -Tetranet hyl -2, 2' -bi -1, 3, 2-di oxabori nane
Synthesis of 0 O i B-B o O 20 The diol™ 2-nethyl -2, 4-di hydr oxybutane (I.04
g, 1 mol) was reacted with diboronic acid (0.45 g, 0.5 nmmol) in 25 m dry

THF at roomtenp. (procedure C wthout deh dratl gf; agent). The di boronic
aci d rapiZdngtharysthapely "Hougr (CDGLe dPOMHZ 8 3 singlest Ch), 3rid 3¢t lon a

onry. two ThAgREP ROCRILEREH62™, PPy, My %@éé“k”éo?hﬁi'poﬁﬁiéaiﬁ the

retention tine of the diol. On renoving the solvent fromthe reaction
sol ution under reduced pressure the product ester was obtained as a white
SO|Id ' HExampl¢ 83DCI,) 8 1.30 (s, 12H), 178(t,J 5.8 Hz, 4H), 3.98 (t, J

I
4 4 4 43'%%5 %go‘%‘ ng%u\l 200%2012 og&b%%gg IQOE)(’;.ggPI ﬁaﬁé Synthesis of "-0O

59g-9g-0'0 -~ PCTIAU98/01072 The diol 2, 4- dlnethyl 2, 4- di hydr oxypent ane (
1.32 g, 1 mmol) was reacted gk h diboronic acid (0.45 g, 0.5 mol) in 25 n
dry THF at roomtenp. (proce wi t hout 0 dehydrating agent). The
di boronic acid dissolved t W \Qplour ar solution. The

B—B
/ \ \\\\

CHjs

/,/’

10 ©
This diboronic ester is prepared following general procedure A using (1S,2S,3R,5S)-(+)-
pinanediol. Yield 98 %. 'H-nmr (CDCl,, 200MHz): & 0.77 (singlet, 3H; C,CH,), 1.01-
1.13 (doublet, 2H; C,CH), 1.20 (3H, singlet; C,CH,), 1.87-1.91 (2H, multiplet; C,CH.),

15 1.92-2.31 (3H, multiplet; CH,CO and CHCO) and 4.15-4.26 (1H, multiplet; C,CHO).

Example 4
(4R,4'R)-Diphenyl-2,2'-bi-1,3,2-dioxaborolane

zo O
el
. /
: o} \o
This diboronic ester is prepared following general procedure A using (R)-(-)-1-phenyl-1,2-
ethanediol. Yield, 88%. 'H-nmr (CDCI,, 200MHz): § 3.90-4.01 (1H, triplet; CH,C),
4.42-4.57 (1H, tripiet; CH,C) and 7.10-7.31 (SH, multplet; ArH). *C-nmr (CDC},,

200MHz): § 72.73 (1C; CH,), 78.78 (1C; CPh) 125.71 (2C; m-C), 128.17 (1C; p-C),
30 128.70 (2C; 0-C) and 140.65 (1C; C-O).

25
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gc oh a small aliquot of the reaction solution, diluted with ethyl acetate,
showed only two peaks of area ratio 4 : 95. The weak peak corresponded to

t he retention time of the diol. On renoving the solvent fromthe reaction
solutlon duced pressure the product ester was obt white
solid. ' M hint ?ﬁ DVBO S 1.2S (s, 24H), 1.77 (s, 4H). a‘lgi‘%g”@ﬁ"@ﬁ

3,3 -Bi-1, 5-di hydro- 2, 4, 3- benzodloxaboreplne Synt hesi s of 20 ~\ \G B-By
The di ol 1,2-benzenedinethano| (1.38 g 1 nmmol) was reacted with diboronic
acid (0.45 g, 0.5 mol) in 25 nm dry FF at roomtenp. (procedure C w thout
dehydrating agent). After nost of the diboronic acid had dissolved, the
reaction was warned to 50-55 C. for 25 several hours and then filtered to
give a CEEQEuLmilourless solution. The solvent was renoved fromthe

conpound ress re.a oft compound was obtained. 'H
nnr (coct %)qﬁa{\(fg B@E‘k’gfja 34] "%@m $1 and a sharp
singlet at 5.10 (total and t wo rrultlpl ets at 7.22 and 7.28 (total 8H).

The broad peaks shar pened on cool i ng the CDCl, solution _and are possibly
due to isoners of the 30 desired conpound. 1 s N 2955W0 991 33845 - 30
PCT/ AUg8/ 01072 The formation of the ester, at r. , 1's considerably
faster in ethanol than in THF, a the ¢ bor g (0.45 g, 0.5 mmol)
reacting with the diol 1, 2-benzenedi mat/ha (938 g, 1 nmol) within
several mnutes follow ng sol vgnt ﬁl‘d‘ on|(25 m) to give a clear,

col ourl ess sol ution. tored a#o oom tenperature before rermval of
the S sol vent under ed pressure. A white, hard solid was obtained,
free fromethanol (! gr) after punping on the materl al for several hours
at 10" to 10-6 fehfg and tenperature around 40C. 'H nnr (CDCl,) 8 4.73(s),
5.09(9Y (intensity ratio 1 : 4.3, total 8H,), and 7.23 and 7.32 (total SH).

The peaks at 8 4.73 and 7.31 are weak and may be due to an isoner of the
pr oduct Th‘smli’(tfﬁmlcr?éter|1fg%1rﬁﬁ%feﬁrfi)1(1f§’émgIﬂéﬂ‘%fﬁbpl%@@}ﬁeéﬁtbﬁﬂg 346- Exanpl e 33

i bor o BeloRup MESRIEL Mirafureiol Yot FihXRET SbedfvEd oM 8

2-nmet hyl 5223 e@t5@n¢dlogl 70.74; na180{ TREST 2953%&152@0%&5516@)8 (multiplet, CH,
and C-.- ). E.  talc. 20 for C, H-BZO 89, found (GOMB) m z=226

(Mt 1). Exanple 34 4,4,4' 4" -Tetranet hyl - 2, 2 b| 1, 3, 2-di oxabor ol ane 25
~B B%g O This_di bor oni c ester |s pr epar ed foll ovvi ng general procedure A
usi ng opane 1,2-diol. "Hnnr (CDC" 200M—|z): 8 1.22 (singlet,

12 O 2 G ShaG Tt 2 BnRibnagforgll © L3l for B 504 -
197. 83, found ( . 18 JUN 2UU2 WO 99/ 33845 -31 TABLE

1
o o
\o_
O/ B\O
20

This diboronic ester is prepared following general procedure A using cis-1,2-
cyclohexanediol. Yield, 65%. ‘H-nmr (CDCl,, 200MHz): 6 1.20-2.00 (multiplet, 8H;
CH,) and 4.30 (multiplet, 2H; CH).

25 Example 7
Tetraisopropy! (4R,4'R,5R,5'R)-2,2'-bi-1,3,2-dioxaborolane-4,4'5,5'-tetracarboxylate

A o j* I~
30 O o/B %o
R %

ry



10 1$ 20 25 | CJPAC Nonencl ature: PCT/ AU98/ 01072 ConpoundConpodifid JUN 2002
NanmeExanpl e

1(4R, 4' R SR, S' R) - Tetranet hyl -2, 2' -bi - 1, 3, 2- di oxabor ol ane. Exanpl e

21,1, 2, 2- %b@ﬁsﬁé 2- met hoxyet hyl Oxy) di bor ane. Exarrpl e PCT/AU98/01072
3Bi s( (1S, 2S, 3R, 5S) - (+) - pi nanedi ol at 0) di bor on( B- B) . Exanpl e

4(4R, 4' R) - bi phenyl -2, 2" -bi -1, 3, 2-di oxabor ol ane. Exanpl e

54,4 -Bi-((4- nethoxyphenoxy)nethyl] 22%’ bi -1, 3, 2- di oxabor ol ane. Exanpl e
62, 2' - Bi - (3aR, 7aS) hexahydr o- 1, 3, 2- ben dloxaborole.Exaane 7Tet rai sopr opyl
(4R 4 R5R 5 R -2, 2 bi 1, 3, 2-di oxaborol ane-4,4'S, 5" -

tetracarboxylate Exa

8(3aR, 3' afkh @é@@oas)esmr-w peapaiadyotlowsng genpeal pprasderedd wsing diisepropyl3.2-

dloxaboro

9(3R, 6S, 3 aﬁ‘%wg)?a it fanisativg o G CPGL A9OMHZ: 8. 1¢-1530 (multiplet, 28H;

di oxabor ogyTsH BxRNHS) and 4.30 ésm%Iet 4H; OCHD.
104, 4' - Bls(het%oxynefhyl) a'oxaborolane Exanpl e

112,2'-Bi -1, 3, 2- dloxaborepane Exanple
125,5' - Di drOf thyl -5,5" -Di nethyl -2, 2" -bi -1, 3, 2- di oxabori nane. Exanpl e
13B|s(1§ -(-) - p|nanedlolato)dlboron(B-B) Exanpl e

R T R KRR ——

164,4,4' ,4' ,6,6" - Fbxanethyl 2,2'-bi-1,3, 2- dloxaborlnane Exanpl e

175,5,5" ,5" -Tetraet hyl - - hl- a 2- dlm 2 nane. Exanpl e
184, 4' 5 5' - Tet ranet hyI @ | ox I ane. Exanpl e
194, 4' - Di net hyl - 2, 2' - bi - oxa or| nple

205, 5' - pi net hyl 2,2'-bi-| '3, 2- d|09abor|ﬁbne anpl e
ZlBl-(dlnaphtho[2,1-d:1,2 f1)-2,2"-bi-1, 3, 2- dloxaborepine.Exaane
226,6' -Di ethyl-2,2'-bi-1,3,6,2-dioxazaborocane 16 J U N 2002 WO
991 33845 -32 5 10 PCT/ AU98/ 01072 ConpoundConpound NanmeExanpl e

236, 6' - | ~Th’ét4ﬁk}qr02102351%|15 prepagdofolpwing-eanera pEsed e Ahpsiag cis-1,2-

245,5,5" ,5' - Tetra y.

254 4. 4 % Cl‘;/i’e’?‘af'%g‘?? %}Eﬁ%ﬁ@%ylﬁé‘“ﬁ%cﬁﬁ @%W%éb‘%%e(“&%ﬁ 4H;
261,12, Z0FICAY, 3(7eeRenls) SPaATSBIATBE 80 (muldplt, 2, OCH)
28Tet rdbut yl (4R 4' R, 5R 5 R) 2,2 -bi-1,3,2-di oxaborol ane- 4, 4 5 5' -

t et racar boxyl at e, Exanpl e

29( 4R 4' REsampled N N N N ', NS, Ns,Ns', NS Oct anet hyl - 2, 2' - bi -

1,3,2-dio f -

304, 4, 4 gﬁ? ?jrg{]ﬁgtaﬁ I?L ‘ie'iﬁh{') °f{‘§3[3%9%t20%on ﬂahﬁé'@%g ppfojane

314,4,4' ,4',6,6,6',6"' -Cctane | i £, 2" -bi - oxaborlnane Exanpl e

323.3 -Bi-1,5. dlhydro 2,4, ben'odrgxabo,eﬁln . | e

334,4,4' ,4' 5,5 Fbxanethy 2,2 - Q/74*3 2<di.oxaborol ane. Exanpl e

344, 4, 20 4 Tetranet hyl - 2, 2" ¥Bi D73, 2- di oxaBor oMane. 15 Throughout this
specification and the cl ainms whi ch fO||OM/ unl ess the context requires
othermﬁse, the word "conprise”, or variations such as "conprises" or
"conpri si Mhis, dlbbtdmd)atmd@Irqianaﬂfdlmvdxng)gmew@rmwhmAmsingf a stated integer

or group of i ntegers but not the exclusion of a ot her integer or group of
nt oger 5 2gt-aMBgEONITitel Xiglds {8 % H-0T (Gt %Q@/MH@)'tMﬁOr%gO (malsinleton

those. ?Sgc. )" AT TR R b 2P LD BT RN R R A OB et on

i ncludes all such variations and nodifications. The i nvention al so includes
all of the steps, features, conpositions and conpounds referred to or
|nd|catedEhnguﬂe_ﬁpeC|f|catlon individually or collectively, and any and

all conbi na of. an re of sai d steps or features. ~~ a
~uN 2002 43% glsaﬂ %57&%9@1 2‘7@3 ARE AS FOLLOAS: 1. A

di boron derivative of fornula () 4 R - X R~ B- B
0 j f

This diboronic ester is prepared following general procedure A using




Rs-X~ ~X-Rz (1) where R~, RZ, R3 and R4 are each i ndependent I‘llas'épgc%ﬂg%
fromthe group consisting of optionally substituted al kyl, optionally
substituted al kenyl, optionally substituted 10 aryl, optionally substituted
cycl oal kyl wooptsseesal | y substituted cycl oal kenyl, and a groupcrfaudseidrer mul a
-(RSQ MR6 where Qis selected fromQO, S, NR, optionally substituted

aryl ene and optionally substituted cycloal kylene, mis an integer from1l to
3, the or each RS is independently an pptionally substituted Cl-C3

al kylene, R6 is C-C3 al kyl or hydrogen and R is hydrogen or C,-C, 2 al kyl;
and 15 each X is independently selected fromO, S(O" and NR, where nis

P 9 S 2 nfl S B RCE, Dy 5 2R Rl

6 menber eOARYEL0BYS Upl (neigleCuil. CHIICHHYAS sySePEhikigle 2Rl e DeHH 3N

unsubstitute pyrolldlnyl and are identical, each’is
not pyr azdl 10-4.28ntripleg\2HieCHL OB} aMéﬁOeh&@n(ﬂ(uitu;leﬂ 2H5048H). R to R ~ are
identical, R~ to R4 are not acetyl, unsubstituted straight chain alkyl,
cycl oal kyl, phenyl or naphthyl, isopropyl, alkyl substituted with phenyl,
or pheny ted with al kyI or when each X is N(C~-C6 alkyl); R-to
R ~ are%ﬁ%@%ﬂ al kyl; or 30 Wnen each Xis NHL R~to R~ are not C--C~
al kyl or am‘ubﬁl;&lﬂmkmdspdne or 18 JUN 20~ -34 when -XR~ is -OCH3; and
-XRZ is -N(CH3)2 and -XR4 is -N(CH3)2, -XR3 is not OCH3; or 5 when XR~ is
-N(CH3) z; and -XRZ and - XR3 are each -N(CH3)2, XR4 is not OCH2CH3; and XR3

is -N(CH3)2, XRZ and XR4 are not -NH(unsu ted phenyl); and -XRz
is atosylate and -XR4 is -N(CH3) z, )@&Bi_;_ ot"a toslylate; and -XRZ is a
triflate and -XR4 is - N(CH3) Z, i 10t a Trglateh or when each X is S

and R1 1tOo R4 are identical, each to R4 is not 10 2. 15

This diboronic ester is prepared following general procedure A using 1,4-butanediol. 'H-
nmr (D,-DMSO, 200 MHZ): & 1.36-1.42 (multiplet, 4H; CH,CH,CH,) and 3.36
(multiplet, 4H; CH,0).

15 Example 12
5,5'-Dihydroxymethyl-5,5'-Dimethyl-2,2'-bi-1,3,2-dioxaborinane

O, O
—CeE
o} 0o

This diboronic ester is prepared following general procedure C using 1,1,1-

20

tris(hydroxymethyl)ethane. Yield, 90%. 'H-nmr (d,-dmso; 200MHz): & 0.79 (singlet, 6H;
2 x CH,), 3.21-3.75 (multiplet, 12H; 6 x CH,0) and 4.76 (triplet, 2H; 2 x OH). F.W.:
calc. for C,,H,,B,0, = 257.89, found m/z 259 (M+1).

25

Example 13
Bis(1R,2R,3S,5R-(-)-pinanediolato)diboron(B-B)

CH3
\\\\O /O!/,,
30 B—B
//,O/ \O\\\\



20 25 30 A diboron derivative of formula (I1] X Al B X X XJ{&IJUMH% Xis
i ndependently selected fromQ S(O" and NR where n is an integer fromO
to 2, R is hydrogen or CI-C ~2 alkyl, and A~ and AZ are dival ent groups
whi ch maw®©e9/838¢s sane or different; and provi ded that whenPEHANIVIOE O A
and AZ are not unsubstituted C -C3 al kylene, 1,1, 2,2-tetranethyl et hyl ene,
1, 2-di et hyl et hyl ene, 2, 2-di net hyl propyl ene, 1-phenyl propyl ene,

2phenyl propyl ene, 1, 2-di al koxycar bony} et hyl ene, 1, 2-di phenyl et hyl ene,
1phenyl et hyl ene, unsubstituted phenyl ene or phenyl ene nono- or di
substituted wwth Cl-Ca al kyl; and Al is 1-phenyl propylene, AZ is not

subst1 1 ur Ly hERe QB0 i YreBfiS MR Bherdlpbeedde W SIRERIIAEE SR L _
JUN 2002(2-R_ YPaanedish Yieids 79% .aHdnrr (CDE), 1 260MRz8): 6. M(@ﬁgl@mmwxl@cﬁ AZ |

not 1 R, di car bonet hoxy et hyl ene or unsubst i t ut ed phenyl ene; or Al and AZ
are not bOBHL.& Kdaubias, 2Hn2ub€iGCH)t1e28 (sinslst] 6He 20t Cy@H )b 3%t (stnetit 56H; 2x

B ot - pperB BAGIfT fmefioldl, Btoa i eedESof Doy Bl @A GEGAangy
S (mononat Ry e P A RHPER AT SR A o SR 05 5 20

25 358.09, found m/z 359 (M+1)

Example 14
2,2'-Bi-4H-1,3,2-benzodioxaborinine

O Ojf >
\ /
B8—B
/ \
0] O

15 This diboronic ester is prepared following general procedure C using
2-hydroxybenzyl alcohol. Yield, 77%. 'H-nmr (CDCl;, 200MHz): § 5.12 (singlet, 4H; 2
x ArCH,), 6.91-7.26 (multiplet, 8H; 2 x ArH). F.W.: calc. for C,H,B,0, = 265.87,
found m/z 267 (M +1).

10

20 Example 15
4,4'-Bi-(phenoxymethyl)-2,2'-1,3,2-dioxaborolane

o ° OPh
o O/B—-B\o

25

This diboronic ester is prepared following general procedure A using

3-phenoxy-1,2-propanediol. Yield, 71%. 'H-nmr (CDCl,, 200MHz): & 3.96-4.41

(multiplet, 8H; 4 x CH,0), 4.74-4.86 (multiplet, 2H; 2 x OCH) and 6.86-7.34 (multiplet,
30 10H; 2 x OArH). F.W.: calc. for C H,B,O, = 353.97, found m/z 355 (M+1).



30 A diboron derivative of formula (Ill) ~x~a - 35 ~( - R“"g )&UN 2@2
(') where R~ and RZ are each independently selected fromthe group
consisting of optionally substituted al kyl, optionally substituted al kenyl,
opti onal | ywsudmesdsut ed al kynyl, optionally substituted aryl poaptusseaéhy
substituted cycl oal kyl, optionally substituted cycl oal kenyl, a group of the
formula -(RSQ ", R6 where Qis selected fromO S, NR, optionally
substituted arylene and optionally suhsiituted cycloal kyl ene, mis an
integer selected from1l to 3, the or each RS is independently an optionally
substituted C -C3 al kylene, RGis hydrogen or C -C3 alkyl, and R 1is

hydr ogen OExgni q:g%al kyl; each X is independently selected fromQO S(On
and NR , S an integer of 0 to 3 and R is hydrogen or C-C 2

al kyl', or ang4o4' 6o tHetanEthA-2 2n0hi-1MZRlioxaborfnanea N Zoa2 -36 represent an
optionally substituted 5 or menber ed het erocyclyl group; and Ais a

di val ent group; 5 provided that en R~ and RZ are Me and each X is Nwe
then A is not unsubstituted ethyl ,O\vvhenD -X is -S CHz=CHZ-S- then XR1
and XRz are not N(CH3)Z or N(CHZCHB)Z ®rgSCH3) when X-A-X is
-S-(unsuBstituted phenyl ene)-S- t &%RI }tﬂd R2 are not both 10 N(CH3) Z;
and when X-A-X is -N(CH3)-(CHZ) 2- K( ) - e R and XRZ are not both
N(CH2CH3) z. 4. A di boron derivative of fornmula (1) 4 1 15 R~X~/ XR1 B
..._B() RB_ X~ ~X- Rz or a diboron derivative of formula (I1) X "'X 20 i
(I'1) A ~ Briys dibdrotic &terdis é;ﬁféﬂ“fo%fv'ir\éaﬁén\éﬁal Prode@ifEUA &1sink!d-methyf 24X 30 X
- RBR X' 18 JUN 2002 -37 where , RZ, R3 and R4 are each

i ndependenipkytasedielc t¥aeldf 7d 6. t'Henmyr (LIPDCLo260MHzngd df180hB2 ¢maltiptets ABHL, i6tut ed
al kyl, optionally substituted al kenyl . optionall éS(SUb'Sti t ut ed atﬁ/

|
opt i onal 10 Gbst A 6@ (@YEirkd kil 2 0BG nallt§9-5dBdmultinleld 25 % GHRyand 5
group of 't henf 9uAUl AussIREQHTE x BEHF W S ¢3R! 85 @M BN -C259:04NRund my/z

optionally
255 (M +1).

Example 17
15 5,5,5',5'-Tetraethyl-2,2'-bi-1,3,2-dioxaborinane

o O

\ /
=0

/ \

O @)

20 This diboronic ester is prepared following general procedure A using 2,2-diethyl-1,3-
propanediol. Yield, 79%. H-nmr (CDCl,, 200MHz): 6 0.75-0.82 (triplet, 12H; 4 x CH,),
1.25-1.37 (quartet, 8H; 4 x CH,CH,) and 3.69 (singiet, 8H; 4 x CH,0). F.W.: calc. for
C.H,B,0, = 282.00, found m/z 283 (M +1).

25 Example 18
4,4',5,5'-Tetramethyl-2,2'-bi-1,3,2-dioxaborolane

o_ 0
Al
o 0

This diboronic ester is prepared following general procedure A using 2,3-butanediol. 'H-

nmr (CDCl,, 200MHz): § 1.10-1.28 (multiplet, 12H; 4 x CH,) and 4.42-4.52 (multiplet,

30



substituted arylene and optionally substituted cycl oal kyl ene,'l B JUN 2002
integer selected froml to 3, the or and each RS is independently an
optionally substituted Cl1-C3 al kylene, R6 is C -C3 al kyl or hydrogen, and
R is hydr »gee9/33845CL- C12 al kyl; each X is independently sel eatRaUIF010720,
S(O~ and NR, where nis an integer 10 fromO to 3, R is hydrogen or

C -C 2 alkyl, or one or nore of -NRIR, -NRZR , -NR3R and -NRAR represent
an optionally substituted 5 or 6 nenmbergg heterocyclyl group, and A Al and
AZ are dival ent groups which may or may not be different, wherein 15 said
derivative has one or nore chiral centres and there is an enantioneric
excess of Qe £ Oy, provided that when each X'is Oand A" is 1

R, 2R- di car boret hoxg)' ethylene, AZ is not 1R, 2R-di carbonet hoxy et hyl ene or
unsubsti tuted phenylene. 20 5. A di boron derivative of any one of clains 1
to 4 wherein Xis O 6. A diboron derivative of claim2 wherein A ~ and AZ
are indepe lg19el ected fromoptional ly substituted al kyl ene, optionally
substitute | kenyl eng, ionally substituted al kynyl ene, optionally
substi t ut eg’gfé%%byﬂgﬁ'%gﬁaﬁaﬁ’?éb@'ﬁﬁﬂeed al kyl aryl ene, optionally

substitutsed cycl oal kyl ene, optionally substituted 25 cycl oal kenyl ene, or a

group of the formula -(RSQ", re Qies lected fromQO S, NR,
optionally substituted aryle and\qu_t_igyﬁally ubstituted cycl oal kyl ene, m
is an integer of 1 to 3, RS a /arei\zksie dently an optionally
substituted C -C3 al kylene, amd R™is hydfogen or C -C ~ alkyl. 7. A

di boron derivative according to claim3 wherein Ais independently selected
30 fromoptionally substi.tuted al kyl ene, optionally substituted al kenyl ene,
opti onal | ytﬂhlslﬁl’ﬁ%ﬂl 15 §§P§‘[F3’s@‘9m%g 1é’ﬁg‘fedéfﬁ ‘gd‘ﬁ&gl lyggl‘x‘l?gleﬁ{o&t ed
cycl oal k I Of3c t cyglna ., GO 4t
ormil a o PO whara (CUSE SpOMPE) Y T AL S LORIR: 6B 2 B3ppD1 6110
substi t ut edmaltiplenéHaack CpLCHEH) ynd BI83t4 N4 t(amlplel, 68l; Ryt OTH, 4hdi Bx DTH).
integer of 1 to 3, RS and R6 are inde endentlg an optionally substituted C
17635 al ki Bhocalantdr € HidB. O g Hed cousd mez 299 M/t D.5. A di bor o
derivative according to claim4 wherein A, A and AZ are independently
selected fromoptionally substituted al kyl ene, optionally substituted

al kenyl ene Exapiplonel | y substituted al kynyl ene, optionally substituted
arylene, optionally substituted al kyl aryl ene, optionally substituted

cycl oal khpl &pfe;Dipethpl2g2'spidyb2tdipsalentimecycl oal kenyl ene, or a group of the
formula - (RSQ mMR6 where Qis selected fromQO S, NR, optionally
substituted aryl ene and opti onile_lgﬁiti t ut e cl oal kylene, mis an
integer of 1 to 3, RS and R6 a | ndepeBdeBt |y an tionally substituted
Cl-C3 al kyl ene, and R is hydroge oé 1- C\o | kyl . 9. A di boron
derivative according to any one of clainms 6 to 8 wherein at |east one of 15
A, A and Ahid dibbtotisesterf iy peghaddd ﬁiﬂl@bviiﬁ% 8éneddl Prodddard ANGind 2-fidigy1S) 3t em

10. A di boron derivative according to claim1l wherein at least one of R to

R4, A RO prepangdiok \‘Eigbhtﬂ@é -dH—ﬂmrt(ﬁ&dClmi’@ﬂM}Mt Priy8a0t84 (@oublef, &Pz;e?. bcﬂl‘cﬂh,
11 ! o : ; . .
one of R 1lo7Ra UTARMERTEh Ptk GCALS 18- e ot At SRRt heila o

capabl e of 3f.@§@hmgrét,em,r 2% ﬁ@l{%ﬁb}.}’ﬁw.@ QalchgoPOHLB O QM o783 Rudlh hoLon

derivative according to claim4 wherein the enantionefic excess IS greater
than 80% 199 (M-ilporon derivative according to claim 12 wherein the
enanti omeric excess is greater than 90% 25 14. A process for the
preparation of a diboronic acid ester conprising contacting

25 Example 21
Bi-(dinaphtho([2,1-d:1,2-f])-2,2'-bi-1,3,2-dioxaborepine

:‘:‘:o\ -0 ‘ ‘
30 O/B B\o



di boronic acid with a suitable nonoal cohol, diol or polyol ,‘1 goﬁmg 2&02113 and
under conditions such that the diboronic acid reacts with the nonoal cohol,
di ol or polyol i a ~uN zooz -39 to formthe diboronic acid ester. 15. A
process {grdfdi4ag to claim 14 wherein the reaction is congiggyQhsjoro72
sol vent conprising a nonoal cohol. 16. A process according to claimi5
wherei n the nonoal cohol is a lower alkanol. S 17. A process according to
claim 16 wherein at |east four equi va%gnts of nonoal cohol are used and the
derivative forned is reacted with a s&cond al cohol by transesterification.
18. A process according to claim 16 wherein the | ower al kanol is nethanol
or ethan é% A gr ocess accor? to clai m 14 perforned_ in the absence of
oep o

a cat al yskhis ESUBT lsJusRared foliayeng gensialprpesduss Ausifis brlobidernaphthiole

accor di ngyt Ns oron
Feact ant W inE (OB 2H0SEATS 5.6 5 RRINEL &% B0, I - il R
chiral ormlﬁdbpggmggﬁﬁuﬁlpﬁtgn deHhvative conprising contacting a

di boron derivative of claim4 with an or gani ¢ conpound havi ng a boron
reactive site for a tinme and under conditions such that the chiral 15

bor oni c %I r derivative is formed. 22. A process for the preparation
of chira ——’@&h@&éds conprising reacti ng a chiral organic boronic acid ester

prepar ed Qgc ty@_p: | dn 21 with an al dehyde or an
o= iéih 922 gt‘rl% gffgor on ‘gIerl %

unsymetri’c eto alveln all its isonmeric forns

selected from 20 Tetrarret hy 2' - bi di oxabor ol ane. ;
1,1,2,2-Tetrakis(2-net hoxye@lzgxy)dl boré@

Bi s( pi nanedi ol at o) di bor on ) ] pheny,} bi -1, 3, 2- di oxabor ol ane. ;
4, 4' - Bi - [ (4- met hoxyphenoxy) hyl }B27B(- bi - di oxabor ol ane; 25

2, 2" - Bi - hexahydro-1, 3, 2- benzgdi o&aborol [} ~ ~ a ~uN 200 -40

Tetral Kdpropyl -2,2' -bi-1, 3,2 xabor ol ahe-4 4' 5, 5' -tetracar boxyl at e;
D - (tetrahydro-3aH cycl opent a[ d]) 2,2'-bi-1, 3, 2- dioxaborol ane;

D -(tetrahydrofuro[3,4-d])- -1, 3, 2-di oxabor ol ane;
4, 4" - Bi - (Tt ﬁ'&’f?{mﬂ? BSEY lszprep&rﬁﬁl fOﬂloswég gisknuasgnerhag &o that described in general

2, 2 -Bi -

D h é?%eéﬁﬁéé pﬂé?g-@ﬁ%idxet{\%nqlaxal b% &s tgneza m t eOSI’OIdIl]uax}l] sulphate in the
(pi nanmﬂmpbtag&)@th@wmﬁan Bhd haataxg-tBe nftktute Bmc%rb@ﬂlmodHOPQﬁb()ZOOfMH@ ;
B C|§)henox met hyl )-2,2' -1, 3, 2- di oxabor ol ane;

BCB): ﬂwmmetz 6Hb|2—7103132 2183}2£io(rrmﬁaplgt 12H; 6 x CH,N) and

'5: 34 %ﬁyp@% GO 0 oxabor 0f ane:

D nethyl-2,2"-bi-I,3, 2- d| oxabor i nane;
D| met hyl - 2, 2" - bi -1, 3, 2- di oxabori nane; 15 Bi-(di naphtho[2,1-d:1,2

2, Exanipld . 23- di oxabor epi ne;
- | -2, 2' - hi di gxazabor ocane;

D et 2-

Di neé,ﬁypuye@ylﬁ,l'zblsfé & 2:ligsazaherRcangne;

, 2@ - Tetraphenyl -2, 2' -bi -1, 3, 2-di oxabori nane;
4"

5'
A T4 T, 7,7, T Cbtanethyl ,2' -bi-1,3, 2di oxabor epane; 20
|2, 2-Tet r aki s(neopent yl o )d| bor ane; /7

U

This diboronic ester is prepared following general procedure B using
N-methyldiethanolamine. 'H-nmr (200MHz; CDCL,). 6 2.51 (triplet, 6H; CH,), 2.79-3.35
(multiplet, 8H; 4 x CH,N) and 3.76-3.94 (multiplet, 8H; 4 x CH,0).

ak~'T !

(‘D

PhrOoOOOCOA~bhobbh@mol
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Tetrabutyl -2, 2" -bi-1, 3, 2-di oxaborol ane-4,4' ,5, 5" -tetracar boxyl ate;
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4,4',4' 5,5 -Hexanet hyl -2, 2" - bi -1, 3,¢2- di oxabor ol ane; or

4, 4" 4" -Tetranethyl -2, 2'-bi-1, 3, 2-di oxaborol ane. 30 ~ a uu~ 2002 -41
24. A di boron derivative according to any one of clains 1 to 4

substantiﬁll s, herei nbef ore described with reference to any one of the
exanpl es.-@lﬁ—% ocess according to claim 14 substantially as herei nbefore

descri be i d1hes : xanpl es.
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10 This diboronic ester is prepared following general procedure A using (25,35)-(+)-2,3-
butanediol. Yield, quantitative. '"H-nmr (CDCl,, 200MHz): & 1.30 (singlet, 6H, CH,).
1.33 (singlet, 6H, CH,) and 3.99 (multiplet, 4H; CH). F.W.: calc. for C,H,B,0, =
197.83, found (GCMS) m/z=199 (M +1).

15 Example 28
Tetrabutyl (4R,4'R,5R,5'R)-2,2'-bi-1,3,2-dioxaborolane-4,4',5,5'-tetracarboxylate

/\/\oj", :H\ o~
20 o BfR

~ "/\/\/

O

This diboronic ester is prepared following general procedure A using dibutyl L-tartrate.
Yield, 93%. 'H-nmr (CDCI,, 200MHz): & 0.89-0.98 (multiplet, 12H; CH,), 1.27-1.47

25 (multiplet, 8H; CH,CH,), 1.58-1.72 (multiplet, 8H; CH,CH,CH,), 4.15-4.25 (multiplet,
8H; CH,0O) and 4.92 (singlet, 4H; CHCO,). The desired compound was detected by
GCMS.
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10 This diboronic ester is prepared following general procedure A using N,N,N' ,N'-
tetramethyl L-tartaramide. Yield, 74%. 'H-nmr (CDCl,, 200MHz): 6 2.90 (singlet, 12H;
NCH,), 3.14 (singlet, 12H; NCH,) and 5.54 (singlet, 4H; CHC=0).

Example 30
15 4,4,4',4'-Tetramethyl-2,2'-bi-1,3,2-dioxaborinane

o 0
\ /
B—B
/ \
6] 0

Synthesis of

20

The diol 2-methyl-2,4-dihydroxybutane (1.04 g, 1 mmol) was reacted with diboronic acid
(0.45 g, 0.5 mmol) in 25 ml dry THF at room temp. (procedure C without dehydrating
agent). The diboronic acid rapidly dissolved to give a colourless, clear solution. The gc

25 on a small aliquot of the reaction solution, diluted with ethyl acetate, showed only two
peaks of area ratio 2 : 98. The weak peak corresponded to the retention time of the diol.
On removing the solvent from the reaction solution under reduced pressure the product
ester was obtained as a white solid. 'H nmr (CDCL,) 6 1.30 (s, 12H), 1.78 (t, J = 5.8
Hz, 4H). 3.98 (t, ] = 5.8 Hz, 4H).
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10 dehydrating agent). The diboronic acid dissolved to give a colourless, clear solution. The
gc on a small aliquot of the reaction solution, diluted with ethyl acetate, showed only two
peaks of area ratio 4 : 95. The weak peak corresponded to the retention time of the diol.
On removing the solvent from the reaction solution under reduced pressure the product
ester was obtained as a white solid. 'H nmr (D-DMSO) 6 1.25 (s, 24H), 1.77 (s, 4H).

15

Example 32
3,3'-Bi-1,5-dihydro-2,4,3-benzodioxaborepine

Synthesis of

o o}
~p—8ZL
20 o) o)

The diol 1,2-benzenedimethanol (1.38 g, 1 mmol) was reacted with diboronic acid (0.45
g, 0.5 mmol) in 25 ml dry THF at room temp. (procedure C without dehydrating agent).
After most of the diboronic acid had dissolved, the reaction was warmed to 50-55°C. for
25 several hours and then filtered to give a clear, colourless solution. The solvent was
removed from the compound under reduced pressure and a white, soft compound was
obtained. 'H nmr (CDCl,) gave three broad peaks at & 4.74, 4.89, 5.01 and a sharp
singlet at 5.10 (total 8H), and two multiplets at 7.22 and 7.28 (total 8H). The broad
peaks sharpened on cooling the CDC, solution and are possibly due to isomers of the

30 desired compound.
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isomer of the product in which the ligands bridge the two boron atoms.
10

Example 33
4,4,4',4',5,5'-Hexamethyl-2,2'-bi-1,3,2-dioxaborolane

O
15 -
N\
O/ O

This diboronic ester is prepared following general procedure A using 2-methyl-2,3-
butanediol. 'H-nmr (CDCl,, 200MHz): § 0.75-1.18 (multiplet, CH, and CH). F.W.: calc.
20 for C,,H,B,0, = 225.89, found (GCMS) m/z=226 (M+1).

Example 34
4,4,4',4'-Tetramethyl-2,2'-bi-1,3,2-dioxaborolane

25 C P
\B'B\ :Y
o o

This diboronic ester is prepared following general procedure A using 2-methylpropane-
1,2-diol. ‘H-nmr (CDC},, 200MHz): & 1.22 (singlet, 12H; CH,) and 3.73 (singlet, 4H;
30 CH,). F.W.: calc. for C;H,B,O, = 197.83, found (GCMS) m/z= 198 (M +1).
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tetracarboxylate.

Example 8 (3aR,3'aR,6aS,6'aS)-Di-(tetrahydro-3aH-cyclopenta[d])-2,2'-bi-1,3,2-

dioxaborolane.

Example 9 (3R,6S,3'R,6'S)-Di-(tetrahydrofuro(3,4-d})-2,2'-bi-1,3,2-

dioxaborolane.

Example 10 | 4,4'-Bis(methoxymethyl)-2,2'-bi-1,3,2-dioxaborolane.

Example 11 | 2,2'-Bi-1,3,2-dioxaborepane.

15 | Example 12 | 5,5'-Dihydroxymethyl-5,5'-Dimethyl-2,2'-bi-1,3,2-dioxaborinane.
Example 13 | Bis(1R,2R,3S,5R-(-)-pinanediolato)diboron(B-B).
Example 14 | 2,2'-Bi-4H-1,3,2-benzodioxaborinine.

Example 15 | 4,4'-Bi-(phenoxymethyl)-2,2'-1,3,2-dioxaborolane.

Example 16 | 4,4,4',4',6,6'-Hexamethyl-2,2'-bi-1,3,2-dioxaborinane.

20 | Example 17 | 5,5,5",5'-Tetraethyl-2,2'-bi-1,3,2-dioxaborinane.

Example 18 | 4,4',5,5'-Tetramethyl-2,2'-bi-1,3,2-dioxaborolane.

Example 19 | 4,4'-Dimethyl-2,2'-bi-1,3,2-dioxaborinane.

Example 20 | 5,5'-Dimethy!-2,2'-bi-1,3,2-dioxaborinane.

Example 21 | Bi-(dinaphtho[2,1-d:1,2-f])-2,2'-bi-1,3,2-dioxaborepine.

25 | Example 22 | 6,6'-Diethyl-2,2'-bi-1,3,6,2-dioxazaborocane.
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Example 26 | 1,1,2,2-Tetrakis(neopentyloxy)diborane.

5 | Example 27 | (4S,4'S,5S,5'S)-Tetramethyl-2,2'-bi-1,3,2-dioxaborolane.

Example 28 | Tetrabutyl (4R,4'R,5R,5'R)-2,2'-bi-1,3,2-dioxaborolane-4,4',5,5'-

tetracarboxylate.

Example 29 | (4R,4'R,5R,5'R)-N*N*,N* ,N* ,N*,N*, N*,N* -Octamethyl-2,2"'-bi-

1,3,2-dioxaborolane-4,4',5,5'-tetracarboxamide.

Example 30 | 4,4,4',4'-Tetramethyl-2,2'-bi-1,3,2-dioxaborinane.
Example 31 | 4,4,4',4",6,6,6',6'-Octamethyl-2,2'-bi-1,3,2-dioxaborinane.
10 | Example 32 | 3,3'-Bi-1,5-dihydro-2,4,3-benzodioxaborepine.

Example 33 | 4,4,4',4',5,5'-Hexamethyl-2,2'-bi-1,3,2-dioxaborolane.

Example 34 | 4,4,4',4'-Tetramethyl-2,2'-bi-1,3,2-dioxaborolane.

15 Throughout this specification and the claims which follow, unless the context requires
otherwise, the word "comprise", or variations such as "comprises" or "comprising”, will be
understood to imply the inclusion of a stated integer or group of integers but not the

exclusion of any other integer or group of integers

20 Those skilled in the art will appreciate that the invention described herein is susceptible to
variations and modifications other than those specifically described. It is to be understood
that the invention includes all such variations and modifications. The invention also
includes all of the steps, features, compositions and compounds referred to or indicated in
the specification, individually or collectively, and any and all combinations of any two or

25 more of said steps or features.
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R—x" o~

X—R?

where R', R%, R? and R* are each independently selected from the group consisting
of optionally substituted alkyl, optionally substituted alkenyl, optionally substituted
10 aryl, optionally substituted cycloalkyl, optionally substituted cycloalkenyl, and a
group of the formula -(R°Q)mR® where Q is selected from O, S, NR, optionally
substituted arylene and optionally substituted cycloalkylene, m is an integer from 1
to 3, the or each R’ is independently an optionally substituted C;-Cs alkylene, R® is
C,-C; alkyl or hydrogen and R’ is hydrogen or C,-C;; alkyl; and
15
each X is independently selected from O, S(O), and NR’, where n is an integer of 0
to 3 and R’ is hydrogen or C,-C); alkyl, or one or more of -NR1R7, -NR2R7, NR*R’
and - NR*R” represent an optionally substituted 5 or 6 membered heterocyclyl
group, other than unsubstituted piperidyl and unsubstituted pyrolidinyl; and when
20 N'R” to N*R” are identical, each is not pyrazolyl;

and provided that

when each X is O;

25 and R' to R* are identical, R' to R* are not acetyl, unsubstituted straight
chain alkyl, cycloalkyl, phenyl or naphthyl, isopropyl, alkyl substituted with
phenyl, or phenyl substituted with alkyl; or

when each X is N(C;-Cg alkyl);
R' to R* are not C,-Cy alkyl; or

30 when each X is NH;

R' to R* are not C,-C; alkyl or unsubstituted phenyl; or
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and —-XR? and -XR’ are each -N(CHa),, XR* is not OCH,CH;
5 and XR? is -N(CHz),, XR? and XR* are not both -NH(unsubstituted phenyl);
and —XR? is a tosylate and -XR* is -=N(CH3),, XR? is not a tosylate;
and —XR? is a triflate and -XR* is —N(CHs;),, XR? is not a triflate; or
when each X is S;

and R! to R* are identical, each R' to R* is not CHa.

10 2. A diboron derivative of formula (II)

o~
N

where X is independently selected from O, S(O), and NR where n is an integer

an

from 0 to 2, R’ is hydrogen or C,-Cy, alkyl, and A" and A* are divalent groups
which may be the same or different;

20
and provided that

when each X is O;
A' and A? are not unsubstituted C;-C; alkylene, 1,1,2,2-tetramethylethylene,
25 1,2-diethylethylene, 2,2-dimethylpropylene, 1-phenylpropylene, 2-
phenylpropylene, 1,2-dialkoxycarbonylethylene, 1,2-diphenylethylene, 1-
phenylethylene, unsubstituted phenylene or phenylene mono- or di-
substituted with C;-C; alkyl,
and A' is 1-phenylpropylene, A* is not 2-phenylpropylene;
30 and A' and A? are not both -C(O)-(monohydroxy substituted phenylene)- or
both —-C(O)-(unsubstituted phenylene)-;
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and A' is 1R,2R-dicarbomethoxy ethylene, A is not IR,2R-dicarbomethoxy
ethylene or unsubstituted phenylene; or

when each X is S;
A' and A? are not both ethylene, unsubstituted phenylene or unsubstituted

5 ethenylene; or

when each X is NMe;
A' and A? are not both ethylene, -N=N-, -B(CH3)-N(CH3)-B(CH3)-, or
propylene; or

when each X is NH;

10 A' and A? are not both ethylene; or

provided that
“XAX'- and —~XA X% are not both —S-(monomethoxy substituted phenylene)-O-
or both -N(CH3)-(CH,),-O-.

15 3. A diboron derivative of formula (III)

B am

.

where R' and R* are each independently selected from the group consisting of

20

optionally substituted alkyl, optionally substituted alkenyl, optionally substituted
alkynyl, optionally substituted aryl, optionally substituted cycloalkyl, optionally
substituted cycloalkenyl, a group of the formula -(R°Q)mR® where Q is selected

25 from O, S, NR’, optionally substituted arylene and optionally substituted
cycloalkylene, m is an integer selected from 1 to 3, the or each R’ is independently
an optionally substituted C-Cs alkylene, R®is hydrogen or C,-C; alkyl, and R’ is
hydrogen or C,-C,, alkyl,

30 each X is independently selected from O, S(O), and NR7, where n is an integer of 0
to 3 and R’ is hydrogen or C,-C; alkyl, or one or both of -NR'R” and -NR*R’
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#1099 () - &#prrﬂglresent an optionally substituted 5 or 6 membered heterocyclyl group; and

A is a divalent group;
5 provided that

when R' and R? are Me and each X is NMe then A is not unsubstituted ethylene;
when X-A-X is -S-CH,=CH,-S- then XR! and XR? are not N(CH3); or

N(CH,CH3), or SCH3;
when X-A-X is -S-(unsubstituted phenylene)-S- then XR! and XR? are not both
10 N(CH3),; and
when X-A-X is -N(CH3)-(CH,),-N(CHa)- then XR' and XR? are not both
N(CH,CHa),.
4, A diboron derivative of formula (I)
RY—x X— R!
15 \ / I
B-— B @
’///// \\\\\\\
—X X — )2

or a diboron derivative of formula (II)

A N

NNy

25 or a diboron derivative of formula (III)

M~ T
L

(m

30
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1098& () -1 [ NAMywhere R', R? R? and R* are each independently selected from the group consisting
of optionally substituted alkyl, optionally substituted alkenyl, optionally substituted
aryl, optionally substituted cycloalkyl, optionally substituted cycloalkenyl, a group
of the formula -(RSQ)mR6 where Q is selected from O, S, NR’, optionally

5 substituted arylene and optionally substituted cycloalkylene, m is an integer
selected from 1 to 3, the or and each R’ is independently an optionally substituted

C;-Cs alkylene, R® is C,-C; alkyl or hydrogen, and R’ is hydrogen or C;-Ci, alkyl;

each X is independently selected from O, S(O), and NR, where n is an integer

10 from 0 to 3, R’ is hydrogen or C,-Cy; alkyl, or one or more of -NR'R’, -NR?R’,
-NR’R’ and -NR*R” represent an optionally substituted 5 or 6 membered
heterocyclyl group,

and A, A' and A” are divalent groups which may or may not be different, wherein
15 said derivative has one or more chiral centres and there is an enantiomeric excess of

one form;

provided that

when each X is O and A! is 1R, 2R-dicarbomethoxy ethylene,

A? s not 1R, 2R-dicarbomethoxy ethylene or unsubstituted phenylene.

20 S, A diboron derivative of any one of claims 1 to 4 wherein X is O.

6. A diboron derivative of claim 2 wherein A' and A” are independently selected from
optionally substituted alkylene, optionally substituted alkenylene, optionally
substituted alkynylene, optionally substituted arylene, optionally substituted
alkylarylene, optionally substituted cycloalkylene, optionally substituted

25 cycloalkenylene, or a group of the formula -(R’Q)nR® where Q is selected from O,
S, NR’, optionally substituted arylene and optionally substituted cycloalkylene, m is
an integer of 1 to 3, R® and R® are independently an optionally substituted C;-Cs
alkylene, and R’ is hydrogen or C,-C,, alkyl.

7. A diboron derivative according to claim 3 wherein A is independently selected

30 from optionally substituted alkylene, optionally substituted alkenylene, optionally
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m 0% %& () - l@@l@%&e@lcn@? or a group of the formula -(R’Q),R®- where Q is selected from O,
S, NR’, optionally substituted arylene and optionally substituted cycloalkylene, m is
an integer of 1 to 3, R and R® are independently an optionally substituted C;-C;
5 alkylene, and R’ is hydrogen or C;-Cj; alkyl.

8. A diboron derivative according to claim 4 wherein A, A' and A? are independently
selected from optionally substituted alkylene, optionally substituted alkenylene,
optionally substituted alkynylene, optionally substituted arylene, optionally
substituted alkylarylene, optionally substituted cycloalkylene, optionally substituted

10 cycloalkenylene, or a group of the formula -(RSQ)mR6 where Q is selected from O,
S, NR’, optionally substituted arylene and optionally substituted cycloalkylene, m is
an integer of 1 to 3, R® and R® are independently an optionally substituted C;-C;
alkylene, and R’ is hydrogen or C-C; alkyl.

9. A diboron derivative according to any one of claims 6 to 8 wherein at least one of

15 A, A' and A? includes a fused aliphatic or aromatic ring or ring system.

10. A diboron derivative according to claim 1 wherein at least one of R' to R*, A, A'

and A? is capable of further coordinating with one of the boron atoms.

11. A diboron derivative according to claim 10 wherein said at least one of R'toRY A,
A' and A? includes an electron rich substituent or atom capable of feeding electron

20 density onto the boron atom.

12. A diboron derivative according to claim 4 wherein the enantiomeric excess is

greater than 80%.

13. A diboron derivative according to claim 12 wherein the enantiomeric excess is

greater than 90%.

25 14 A process for the preparation of a diboronic acid ester comprising contacting
diboronic acid with a suitable monoalcohol, diol or polyol, for a time and under

conditions such that the diboronic acid reacts with the monoalcohol, diol or polyol



T09J7& ()- 3 10%9%& ()- 3 10% & ()-47:=@j|[: NA4 1010 10%“‘?‘8().1Urf @NA
1099 ()- ,910% 9% ()- 3110%9%& ()- (109%9%& ()- , 10%9%& ()-j nrw: LI *NA4
1010 3 *10%9%& ()- 3 9' 10%9& ()- 3 #10%9%& ()- %40%9%& ()- @ 10% & ()-
8&10% c% & () - LAu=>|[:-410c% , ; 10%%& ()- &6ml0%%& ()-F &6mlO%& () - F
&6MLO%& ()-F S/ 10%9%& ()-& F - 10%%& ()->?@  bA410c% Y 10%%& ()- 3
10% % ()- S10% 9% ()-3 3 10%9%& ()- $109%9& ()- 10c%0c% B|[: A410c% 3
@0%9%& ()- ,10%9%& ()- " 10%9%& ()- 3 -10%9%& ()- 9S10%9%& () -

9' 10% % () - $?Dg Mz{g@g%;&w&@%@r . 10%%: ()- 10%% ()- 10%%& () -
3 310%%& ()- SG 10%%& ()- GIMsz||: A410c% TF" 10%9%& ()- ~10%%& ()- Y
"10%9%& ()- 3 10%9%& ()- ,910%%& ()- , YL10% % ()- | obU410

#109%%&: () 1310c Kiroedsd agéoxdisg mﬂ@hm Wherein the 1Q046@IS(CondwFa DR -

F'10% %' ()-|[:bU4lQ . , 9T#109 () , OTHI0WPY& () - , 9T#10%& ()- F
10%PY&, ()_ F compnsmgamonoa 0

16. A process according to claim 15 wherein the monoalcohol is a lower alkanol.

5 17. A process according to claim 16 wherein at least four equivalents of monoalcohol
are used and the derivative formed is reacted with a second alcohol by

transesterification.
18. A process according to claim 16 wherein the lower alkanol is methanol or ethanol.
19. A process according to claim 14 performed in the absence of a catalyst.

10 20. A process for the preparation of a diboron derivative according to claim 4 wherein

X is O comprising reacting a suitable diboron reactant with a chiral alcohol.

21. A process for the preparation of a chiral organic boronic acid ester derivative
comprising contacting a diboron derivative of claim 4 with an organic compound
having a boron reactive site for a time and under conditions such that the chiral

15 boronic acid ester derivative is formed.

22. A process for the preparation of chiral compounds comprising reacting a chiral
organic boronic acid ester prepared according to the process of claim 21 with an

aldehyde or an unsymmetric ketone.
23. A diboron derivative in all its isomeric forms selected from:

20 Tetramethyl-2,2'-bi-1,3,2-dioxaborolane.;
1,1,2,2-Tetrakis(2-methoxyethyloxy)diborane;
Bis(pinanediolato)diboron(B-B);
Diphenyl-2,2'-bi-1,3,2-dioxaborolane.;
4,4'-Bi-[(4-methoxyphenoxy)methyl]-2,2'-bi-1,3,2-dioxaborolane;

25 2,2'-Bi-hexahydro-1,3,2-benzodioxaborole;
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11109 () - G JKW DbA410P% F 10%P%& ()- F FLO%WP%& ()- 3 10%P%& ()-3
&8109PY%E () - 0&$109PYE () - 10PYLOPY®<| [ : A410P% @10%P%&' ()- F 109P% ()- F
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1109% % & ()-  SI%Eéalydrp-3ai-cyeldp¥ntifadd)-2 pL-bik1,30% %doxaborotane;

10% 9% & () - Fe5t! | [ : NA1010 NN('lOW&'()- ~L$ 10%4& ()- N #10% % & () -
f9$10% W& () - Iél -(tetaby dr arp[3,4-#]) 212348-96382- éaoxab:qrpl[anNMlom f6 "10% % & () -

oot e 8 ]9vmﬁé°@f§‘@%wﬁyﬁiﬁ%§%&dwl VAT ()-F10° % 10" % 10" %
3:10% % & ()- 91PRiN D Aox@bbleped10 F &10%PW& ()- F S10UPY%& () -
THLOWPYE! () - 8109P%&! (3 - 33 10&9%‘ ()-  @10%% ()-KG [:vU410
@ &109%%&' () - F 5,5'-Dihydroxymethyl-5,5'-Dimethyl-2,2'-bi-1,3,2- dloxabonnane
Bis(pinanediolato)diboron(B-B);
2,2'-Bi-4H-1,3,2-benzodioxaborinine ;
4 4'-Bi-(phenoxymethyl)-2,2'-1,3,2-dioxaborolane;

10 4.4.4' 4'6,6'-Hexamethyl-2,2'-bi-1,3,2-dioxaborinane;
5,5,5',5'-Tetraethyl-2,2'-bi-1,3,2-dioxaborinane;
4,4'5,5"-Tetramethyl-2,2'-bi-1,3,2-dioxaborolane;
4,4'-Dimethyl-2,2'-bi-1,3,2-dioxaborinane;
5,5'-Dimethyl-2,2'-bi-1,3,2-dioxaborinane;

15 Bi-(dinaphtho[2,1-d:1,2-f])-2,2'-bi-1,3,2-dioxaborepine;
6,6'-Diethyl-2,2'-bi-1,3,6,2-dioxazaborocane;
6,6'-Dimethyl-2,2"-bi-1,3,6,2-dioxazaborocane;
5,5,5',5"-Tetraphenyl-2,2'-bi-1,3,2-dioxaborinane;
4,4,4'4'7,7,7',7-Octamethyl-2,2'-bi-1,3,2dioxaborepane;

20 1,1,2,2-Tetrakis(neopentyloxy)diborane;
Tetramethyl-2,2'-bi-1,3,2-dioxaborolane;
Tetrabutyl-2,2'-bi-1,3,2-dioxaborolane-4,4',5,5'-tetracarboxylate;

N N* N¥ N* N°,N°* N N*-Octamethyl-2,2"-bi-1,3,2-dioxaborolane-4,4',5,5'-
tetracarboxamide;

25 4,4.4' 4'-Tetramethyl-2,2'-bi-1,3,2-dioxaborinane;
4,4.4'4'6,6,6',6'-Octamethyl-2,2'-bi-1,3,2-dioxaborinane;
3,3'-Bi-1,5-dihydro-2,4,3-benzodioxaborepine;

4,44'4' 5 5'-Hexamethyl-2,2'-bi-1,3,2-dioxaborolane; or
4.4 4" 4'-Tetramethyl-2,2"-bi-1,3,2-dioxaborolane.
30



T————

"~ 100P%& ()- |91 10%P% ()- ,#10%%&: ()- Sf10%P%& ()- 18 JUN 2002

| 109P%&' ()-gJd+, | [:-410 @109 ()- @L0%& ()- ,F110%P%&' ()- .310%%& ()- F
“*10UP% ()- (S 10%P%& () -, -.<AQbA410 Y y10%s& ()-@Y yl0%$s& ()-@Y
y10%) %6& ()- @ &L10%) %s& ()- 9$10%) ¥%& ()-1010C 0| [: A410 | )410%) %& () -
S(A0%) %& ()- | s!MO%F's& ()- S10%)%& ()- |  10%) %8& () -

Sy310%) %s& ()-1 'vU410 L10%s) %6& () - L$UI%) %8& ()-10s) ¥%610s) %s10s) ¥%s
f810%) %& ()- 2s10%)%& ()- S 010%)%& ()-'q, | vWl0o L10%) %& ()-

L$10%) %& () - 1 0 ‘()= 34:10%8) Us.&' (et % ). s & (:
310%5;3‘)3/@2'8%'2 l\fgrdﬁq]rgr{ﬁ}?ﬁe%ﬁvééccfg‘}%g t@%ﬁ%ﬁe%cggﬁ %iQQ/QH)g%%’fhr?él)dg§f% "Headi ng
43] c" "Headi ng Keitiabefoladdinitiedom}icreférbidrdo agy did 6f the Eleaghley 83] c” " Headi ng

93] c" A "Default Paragraph Fontg& .6?213QX]a jry}@P"'&\?J. -
"$&((*,.02468: <>@DF" )IN8[elt~(Eme]5,8 ( /r

! \ 8 ( \
017G 1S5RS B TR AR o POV

<=>7 GABCDEFGHI JiskdybiRERAMFof4he ELampeHTi mes New RomanAri al Courier New'h
Root Ent ryWr dDocunent 8 " #$UR' ()*+,-./0123456789: ;

<=>?@\BCDEFCGHI JKLMNOPQRSTUWWKYZ[\]"_" abcdef ghi j kIl mopqr st uvwxyz{| } ~
I"#$UR' () *+, -./0123456789: ; <=>?@\BCDEFGH JKLMNOPQRSTUVWKYZ[\]"_"abcdefg



