Process for synthesis of dial koxyorganoboranes Field of the Invention The

I nvention relates to a process for the synthesis of dial koxyorganoboranes,

i n parti owbanod4@4process for the synthesis of dial koxyorgenasotmares by an
ester exchange reaction. Moreover, the invention relates to processes for
the synthesjs of _organoox a_ roI | di ne catal ysts (organo-CBS) and of

trial kyl bord3§6%s f °rl—'i%mh‘?é'fs dAia OP‘K%TQPM?’?% relates to nmethods of using

di al koxyor ganobor anes for the’ preparation of organo- CBS catalysts and in
Suzuki -t ypgiQi@epihengvdn@isst | ons. Background of the Invention

Di al koxyor ganoboranes are versatile reagents for organic syntheses and have
for exanpl e been enployed in so diverse fields as in the synthesis of
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reactiqps Q)ggérf?ot C‘B@é‘a@al&é‘ts%@ﬁﬂguﬂfkﬁ%e'cah& reBtRAY! € under formation of a
new C- C-bond (M yaura, Suzuki, A’, Chem Rev. 95, 2457-2483 (1995)). US

5,463, 131 describes the preparation of dial koxyal kyl boranes by reactlng
excess tri Backwored ekth@iliven§pmor ane in the presence of an olefin, e.g.: 4
B(OR)3 + B2H6 + 6 C2H4 - 6 Et-B(OR)2 (R is alkyl) O course,
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(1998)) which are powerful enantloselectlve catalysts for ketone reductions. Another
20 potential use for dialkoxyorganoboranes is in Suzuki-type coupling reactions to introduce
an organo group into a molecule under formation of a new C-C-bond (Miyaura, N.;
Suzuki, A., Chem Rev. 95, 2457-2483 (1995)).

US 5,463,131 describes the preparation of dialkoxyalkylboranes by reacting excess
25 trialkyborates with diborane in the presence of an olefin, e.g.:

4 B(OR)s + BoHg + 6 CoHy  —ennmer > 6 Et-B(OR): (R is alkyl)

Of course, dialkoxymethylboranes cannot be prepared by that method.

30
Another method for the manufacture of dialkoxyalkylboranes comprises esterification of
alkylboronic acids (Brown, H.C. et al., Organometallics 2(10), 1311-1316 (1983), Brown,
H.C. et al., Organometallics 2(10), 1316-1319 (1983)) or trialkylboroxins (Dahlhoff, W.V.
et al., Liebigs Ann. Chem. 8, 807-810 (1990)) with an appropriate alcohol.
35
R-B(OH); + 2R'OH ---—--> R-B(OR"); + 2 H,O
(RBO);s + 6R'OH —--> 3 R-B(OR’); + 3 H0O (R, R'is alkyl)
40

Water is generated in these reactions, which very often disturbes further application of
the product, even if only traces of water remain.



Water is generated in these reactions, which very often disturbes further
application of the product, even if only traces of water remain. Water is
especi al lwodedssizment al to the function of the al kyl - CBSpcatrebyisinszo4nhi ch
can be prepared from di al koxyal kyl boranes. For this reason Corey proposed
the use of bis(trifluoroethoxy)al kyl boranes for the synthesis of ethyl- and
n- butyl - CBS derivatives to avoid the formation of water as a by-product
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di scl osed. demelapefl.t i on, new net hods of using di al koxyorganoboranes for the
preparation of organo- CBS catal ysts and in Suzuki-type coupling reactions

are provi deﬁl@n%}g Lhequ)?ens[%rl ption of the Invention According to the

i nvention t PRe synt hesi s of the dial koxyorganoboranes (3) of
the formula RL-B(OR 2)2 invol ves an ester exchange reaction between a
t r i or g2oob@coaidinglyl thedprebdret ifvention proyvideés BOovenstoeessrfoathe lpyépdrationtsf (2) of

the formil Qiakoxyorganoboranes of the formula R'-B(OR?),, comprising the step of reacting a
triorganoboroxin of the formula (R'-BO); with a trialkylborate of the formula B(OR?);
(wherein R' and R? are defined hereinafter). Furthermore, improved processes for the
manufacture of organo-CBS catalysts using dialkoxyorganoboranes as starting material
25 and of trialkoxyboroxins are disclosed. In addition, new methods of using
dialkoxyorganoboranes for the preparation of organo-CBS catalysts and in Suzuki-type
coupling reactions are provided.

Detailed Description of the Invention

30
According to the invention the process for the synthesis of the dialkoxyorganoboranes (3)
of the formula R'-B(OR?), involves an ester exchange reaction between a
triorganoboroxin (1) of the formula (R'-BO)sand a trialkylborate (2) of the formula
B(OR?)3,

35 wherein
R" is C1-Cao alkyl, Cs-C1o cycloalkyl, Ce-C1a aryl, Cr-Cos aralkyl, Cr-Cos alkaryl, Co-Cx
alkenyl, Cs-C1s cycloalkenyl, C>-Cyo alkynyl, CH.SiMes, substituted C+-Cy alkyl
and
R?is C1— Cx alkyl,

40 ortwo R? groups in compounds 2 or 3 together with the — BO,- moiety form a cyclic
structure of the formula



B(OR2K wherein RL is Cl-C20 al kyl, C3-C10 cycloal kyl, C6-C 4 aryl, Cr-C2
aral kyl, C7-C24 al karyl, C2-C20 al kenyl, C5-C15 cycl oal kenyl, C2-C20

al kynyl , WwoRsiddBd74substituted G -C 20 alkyl and R2 i s @cTAEPERG/06304y| , or
two R2 groups in conmpounds 2 or 3 togethgr with the - BO2- noiety forma
cyclic structure of the fornulaO -B R33 \/ Owth the divalent group R3
sel ected fromthe group consisting of - H2-, -CH(CH3) CH2- , - CH2CH2CH2-
, -CH(CH3) CH(CH3) -, -CH(CH2CH3)CH2- —~g(CH3)RT(CH3)2- , -CH2C(CHs)2CH2- |,
-(CH2)B-, ortho-C 6H4 or ortho-C 6H3al kW Wth R3 being a dival ent group as
defined above, the trial kylborates (2) m® have the foll ow ng di nucl ear
structure: the resulting dial koxyorganoboranes (3) may have the foll ow ng
cyclic struc e.. Prefered derjvatives prepared by th r ss according to
The. br ecentinbERERL 08P i ap bRy BRI EanaSinb B TSRS L o o

R1- B( OR2) 2,-Chif{eaCH-RCH:E HaeHiry tCH(EH)EH(Cio) oS I CHrGldde bpy C(@ls) 266ty and
R2 is i 50propyt(OM:),CHRLIL(CH,)s-] BRh6-E3K] biodHHoSCiM:alkgr abl y per f or med under
exclusion of air and noisture. The dial koxyorganoborane (3) is preferably
separated fromthe reaction mxture by distillation. The reaction is

pr ef er abl y Wil R} Being atdivalent geouprassiatingd gpova, thetiiatkybreatesi?) ey avaiig ng

sol vent . Arfiglloming dioaclebriséiuctoce:sol vent or m xtures thereof can be enpl oyed,
preferably with a boiling point different (higher or Iower) fromthat of
the di al koxyorganoborane (3) prgpared in order todacilitate its easy
separation fromthe product. Jor\instance, a mxyurg of two solvents having

boi I i ng poi nts bel ow t hat oR®conp@mdo{3R*-Foy—BE enplRdyed. It is also
possible to for exanple use a\mixfure of two solen¥s havi ng boiling
o o

10
the resulting dialkoxyorganoboranes (3) may have the following cyclic structure:
/N
R'—B R®
N/
o
15

Prefered derivatives prepared by the process according to the present invention are
dialkoxyarganoboranes (3) of the formula R'-B(OR?),, wherein R' is methyl, ethyl, n-
propyl, isopropyl or n-butyl and R? is isopropyl or n-butyl.

20 The reaction is preferably performed under exclusion of air and moisture. The
dialkoxyorganoborane (3) is preferably separated from the reaction mixture by distillation.
The reaction is preferably carried out in the presence of at least one non-coordinating
solvent. Any non-coordinating solvent or mixtures thereof can be employed, preferably
with a boiling point different (higher or lower) from that of the dialkoxyorganoborane (3)

25 prepared in order to facilitate its easy separation from the product. For instance, a
mixture of two solvents having boiling points below that of compound (3) may be
employed. It is also possible to for example use a mixture of two solvents having boiling
points higher than that of compound (3) while it may also be advantageous to employ a
mixture of solvents having boiling points below and above that of the

30 dialkoxyorganoborane (3) to be prepared. In most cases only one solvent will be
employed. Examples are tetrahydrofurane (THF), diethylether, tert.-butylmethylether,
hexane, pentane, toluene or benzene, preferably THF or toluene.



poi nts higher than that of conpound (3) while it may al so be advant ageous
to enploy a mxture of solvents having boiling points bel ow and above t hat
of the diwbkoowyuganoborane (3) to be prepared. |n nost pcas®l00anbiospne
solvent will be enployed. Exanples are tgtrahydrofurane (THF),
diethylether, tert.-butyl nethylether, hexane, pentane  foluene or bepnzene,
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| kyl borgte (2) of the fornmula B(OR2)3, preferably in the sane reactor. In
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sol vent to26006(1966¢).tri net hyl boroxin la of the fornula (H3C-BO) 3, b)

reacting the trinmethyl boroxin (1a) with a tria Ikylborate (2) of the
formula B(OR2) 3, and THE

3BHs + 6 CO > 2 (HsC-BO)s

20
(1a) (R =CHa)

Scheme 1

25 Another embodiment of the invention is therefore a process for the preparation of a
dialkoxymethylborane (3a) of the formula H3;C-B(OR?),, comprising the steps of

a) reacting diborane with carbon monoxide in a solvent to form the trimethylboroxin 1a
of the formula (H3;C-BO)s,
30 b) reacting the trimethylboroxin (1a) with a trialkylborate (2) of the formula B(OR?)s,
and
c) separating the dialkoxymethylborane from the reaction mixture by distillation,

wherein R? is C1 — Cx alkyl
35 ortwo R? groups in compound (2) together with the -BO2- moiety form a cyclic structure
of the formula

o)
/N
—B R
N/
o)



c) separating the dial koxynet hyl borane fromthe reaction m xture by
distillation, wherein RR is G - C20 alkyl or two R2 groups in conpound (2)
t oget her wot2hos/i3@074BO2- noi ety forma cyclic structure eCTtEreodbos3nwda O - B
R33 \ / Owith the divalent group R3 selegted fromthe group consisting of

(o) 20 458 ANsleg] repEE poloen from e grow ConToR ST i or CHIG OB
6H3al kyl . AGUEEIdeI'@ t-GHWGU(C*&)thﬂ@hCFb)CtheC(GiWQ(CUB*)z-t he synt hesis of
trial koxyboCRxt@H,LEH,-0L(CHIR-, bRAGD:R, 6 fAcEE)Balkilvol ves an ester exchange

reaction between a trlorganoboroxm (1) of the forrrula (R1-BO 3 and a trlal
kyl borate (2) of the formula B(OR2)3, wherein RL is G - C20 al kyl,

C10 cycPoalAegprdingdo.angther gmppdiment of the inventierkipe, syclheSIseﬂtr'%%bqrpxmw) C20
al kenyl , Caf theGdmay ¢RIABRINIMVoIvéSan eﬁéﬂemhbyga'}eacﬁrdﬂﬁetblean asubstituted G

- €20 al kyltn(ﬁgg-ud%%rd)&n ﬁ% of th%rn%lgxrp dal fﬁapfgﬁ’)sym @%Y%t Pﬁlﬁ'uléhe

di al koxyor can be e or t SIS O
or gano- oxa IWRATRIB cat al ysts (organo CBS). Another object of the
present i nRris Con GxsalkyleCet Oroecyaloplkplc €5 s Groaryt, Kz ¢ peallen, iGonr- @4 alkaryl, C;

or gano-igxazabpakehg 0£s CstcyHb'élkéh*’IUGE L3 alkyyNOHBSIVRY;, SSAtULS] OF- ChPalkyi €PS
of a) reacting an 1, 2-am noal cohol of the fornula (5) HNR4- CRER6CR7R8- CH

(5) wherei i"R4 to R8 s hydrogen, C - C2oal kyl, Ce - Cu aryl, C7 - C24
aral kyl , CR?is €22 Caq ®lkyly| |

According to the invention the dialkoxyorganoboranes (3) can be employed for the
15  synthesis of organo-oxazaborolidine catalysts (organo-CBS).

Another object of the present invention is therefore a process for the preparation of

organo-oxazaborolidines of the structural formula (6)

Ay N\

R°7\0/

R
; (6)
20
comprising the steps of
a) reacting an 1,2-aminoalcohol of the formula (5)
25
HNR?-CR5R6CR’R8-OH
(5)
30 wherein

R4 to Ré&is hydrogen, C1 — Cyx alkyl, Cs — C14 aryl, C7 — C4 aralkyl, C7 — C2 alkaryl,
substituted C1-Czo alkyl

or the two groups R* and R® together are a divalent group selected from the group
consisting of -CH>CHz-, -CH(CH3)CH2-, -CH2CH>CH>-,



substituted G -C 2 alkyl or the two groups R4 and R5 together are a

di val ent group selected fromthe group consisting O -CH2CHz- ,

- CH( CH3) GKd-2006/13@H2CH2CH2- , - CH( CH3) CH( CH3) -, - CH( CH2 CHRL CHi®2006/063044
-C(CH3)2C(CH3) 2- , -CH2C(CH3)2CH2- to fogmwith the -NH CR6- noiety a
cyclic structur ] i,al r or an the formul a R1- B(OR2) 2,
wherein Rl is c&Hi%gHg?%)'p é@@%@%cﬁg)@ﬁSﬁEH@g G4 aryl, C7r - C4
aral kyl, C7 - C2HG(Gk&)H.- 0dorm @it Hek-Md-CR®-Gnoietylsbcyelic bloedtreny| , C2 -
C2oal kynyl , CH2Si Me3, substituted G - Coalkyl and R2 is G - C20 al kyl or

the two R2 grou i Q. t Wit xBO. 2- .oiety forma
cyclic struct urvg'ﬁ?o% 8.;1&@’2}’035%@?’%%@ g\ﬁ"E%rH’é’ 'adﬂal/'?@?f 2 g&rhélrj "I'TDRS sel ected
from th& group R'dn& stGnglkys Cs clacgyeloalkyl, Ge-G@pobiLr — Ca @raliofXe2C2,

- CH( CH3) CH( CHB)alkaryl B -CE2GHRIGHLTs —, C s CYclbiiket, ©43) G alkyn@H2H(SIMe),2CH2-
-(CH2) 6- , ort hopSRq, _Oéztog -yp6H3aI kyl, and b) heating the reaction

m xture to conplete the ring closure reaction and to distill off the forned
al cohol . Prefe ly chiral 1,2-am noal cohols (5) are enployed in this
process. Chi ralR?lig 24 -4 all@l cohol s are characterized by the presence of at

| east qpe asymypiiid fwvd-RY §B0pindBmpduRll ¢3)aBethdr witieNEBD,C RldRIPfofrR)a dyclid

different R5 a nd/ or different R7 and R8groups are enployed.
Schene 2 shovvs%ngag&%{?r@Hg?ﬁgiu% dii soprop8xymat hyl borane (3b) to prepare

(S)- MeCBS (6a) from (S)-di phenylprolin %a) (c.f. US 4,943,635). Instead
of water isopropanol is produced as a i de pgoduct, which can easily be
removed fromthe catalyst. (5a) (3b) (6% Sghenme 2

o

with the divalent group R3 selected from the group consisting of -CH>CH>-,
15 -CH(CH?3)CH>-, -CH>,CH,CH-, -CH(CH3)CH(CHs)-, -CH(CH>CH3)CH-,
-C(CH3)2C(CH3)2-, -CHzC(CHs)zCHz-, -(CHz)e-, ortho-CeH4 or Ol"thO-CeHsa|ky|, and

b)  heating the reaction mixture to complete the ring closure reaction and to distill off
the formed alcohol.

20
Preferably chiral 1,2-aminoalcohols (5) are employed in this process. Chiral 1,2-
aminoalcohols are characterized by the presence of at least one asymmetric carbon
atom. Preferably 1,2-aminoalcohols (5) with different R5 and R® groups and/or different R”
and R&groups are employed.

25
Scheme 2 shows an example using diisopropoxymethylborane (3b) to prepare (S)-
MeCBS (6a) from (S)-diphenylprolinol (5a) (c.f. US 4,943,635). Instead of water
isopropanol is produced as a side product, which can easily be removed from the
catalyst.

30

+ i-PrOH

B\ (S)MeCBS

(5a) (3b) (6a)



The reaction mxture is heated in step b) of the process descri bed above to
a tenperature sufficient to conplete the ring closure reaction in short
tinme, preverainsra | ess than 3 hours. This is usually achipre@dobzosheating
the reaction mxture to the reflux tenperature of the solvent or solvent
m xture enpl oyed under normal pressure. Reglél ar tenperature ranges for this
step are between about anbi ent tenper and about + 1200C. The process
is usually perfornmed at a pressure fromO0.1 bar to 5 bar, preferably at
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trimethylpropyl, 1,1,2- trlmethylpropyl heptyl, 5- methylhexyl 1- methylhexyl 2,2-
dimethylpentyl, 3,3-dimethylpentyl, 4,4-dimethylpentyl, 1,2-dimethylpentyl, 1,3-

25 dimethylpentyl, 1,4-dimethylpentyl, 1,2,3-trimethylbutyl, 1,1,2-trimethylbutyl, 1,1,3-
trimethylbutyl, octyl, 6-methylheptyl, 1-methylheptyl, 1,1,3,3-tetramethylbutyl, nonyl, 1-,
2-, 3-, 4-, 5-, 6- or 7-methyloctyl, 1-, 2-, 3-, 4- or 5-ethylheptyl, 1-, 2- or 3-propylhexyl,
decyl, 1-, 2-, 3-, 4-, 5-, 6-, 7- and 8-methylnonyl, 1-, 2-, 3-, 4-, 5- or 6-ethyloctyl, 1-, 2-, 3-
or 4-propylheptyl, undecyl, 1-, 2-, 3-, 4-, 5-, 6-, 7-, 8- or 9-methyldecyl, 1-, 2-, 3-, 4-, 5-, 6-

30 or 7-ethylnonyl, 1-, 2-, 3-, 4- or 5-propyloctyl, 1-, 2- or 3-butylheptyl, 1-pentylhexyl,
dodecyl, 1-, 2-, 3-, 4-, 5-, 6-, 7-, 8-, 9- or 10-methylundecyl, 1-, 2-, 3-, 4-, 5-, 6-, 7- or 8-
ethyldecyl, 1-, 2-, 3-, 4-, 5- or 6-propylnonyl, 1-, 2-, 3- or 4-butyloctyl, 1-2-pentylheptyl and
isopinocampheyl. Preferred are the alkyl groups methyl, ethyl, propyl, isopropyl, butyl,
isobutyl, sec-butyl, tert-butyl, amyl, isoamyl, sec-amyl, 1,2-dimethylpropyl, 1,1-

35 dimethylpropyl.

d|
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1-
7

The term “cycloalkyl” denotes a saturated hydrocarbon group comprising between 3 and
10 carbon atoms including a mono- or polycyclic structural moiety. Examples are
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, cyclononyl or

40 cyclodecyl. Prefered are the cycloalkyl groups cyclopropyl, cyclopentyl and cyclohexyl.



| sobutyl, sec-butyl, tert-butyl, anyl, isoanyl, sec-anyl,

1, 2-di net hyl propyl, 1,1- dinethylpropyl. The term "cycl oal kyl" denotes a
sat ur at edwbydssocarshon group conpri sing between 3 and 10 PCcarEPeovcatNE

i ncluding a nono- or polycyclic structurgl noiety. Exanples are

cycl opropyl cl pbutyl . cyclopentyl, | ohexy] , cl oheptyl, cycl ooctyl,
cyel onomy! Toe Wi fRoltiyies S BRBIR 2t o Pt bia et Gre udongEHORT Bpy 1
cycl opent ylreglaceddyyca balsleyatormHike flaonine; sbibgne, thnominear kodirte erdycinealkexy gaodgy |
group with at | east one hydrogen atomis replaced by a halide atomlike

fluori ne, | Qrine [0 r_iodj 0 I 4. h

“al Koxy stndey apetv ol Gp obals Eris i Hh SrbgiemHheBnolHE: bEEkn
bet weend1 drand2) eaabowatomsons. The term "al kenyl " denotes a strai ght

chai nor branched unsaturated hydrocarbon group conprising between 2 and 20
carbon ato [ | JAQ t : s

vinyl, all ;f:h elt%ﬁn%é;?lv?j%ﬁ{)@g%ﬁ@@f Eﬁéllgg}[)baf gélhlgﬁmng%%tﬁ%w%gcﬂgis@ gugsl?r ©
pent enyl,  FOMBRERY Potwean A 20 carbli slass ncluding eb lsggyone Garbai-gahpn dbuble

1- noneny| , benddmamydles gendmbraflyl, 1-meleygenyll butenydasemyenyl, B-Gethyt-2diutenl,, 1-

L eberoacienthy, XSGR 1 nepchy Lo B Engaby ROy,
term"cycl g’é’ﬁ)%“_\éy'r }{'dgg%é{"es'd%‘%%xﬁggi{' %té@ggﬁhﬁgryp(%%gngljgp gg%exggﬁyl%/s{“ﬁg

bet ween 5 Agyadienydireterresiasethe ai&@nyagr@gpwnvéakkxh kyttenyb dsabetenybambh 3doubl e
bond and a bueéenybr pol ycyclic structural noiety. Exanples are

cycl opentenyl, 1-nethyl cycl opentenyl, cycl ohexenyl, cycl ooctenyl,

1, 3-cyclopent adi epyl , 1, 3-cycl ohexadi enyl, 1,4- cycl ohexadi enyl,

T 3 oy dPondBedame Ay poalkeay e aRA b plos i amsatopn gresosconprising between

cycl ooct at etandethtarbarhatomerimsluding gingast ode cethes-carkan ddufphe bartdsnd aomohe-aiched
ynsiat gf at efb{)l}fﬁ%li@%&b&gfhl ﬁﬂ%&? Eé@ﬁ’tﬂjﬁléss?r@&yﬁeb%\ﬂ 1,24 %ﬂéﬂwy@cl@ﬁiﬁ@%,ﬁt 0|m3

| nel uding g asty DRGSR 1CRERbd dAl) gggm. 9IRbLSH, Pa. 2! kyny

groups i ncl M%l Xteﬂyhﬂ, - ryc)py y¥ DG 1 %/ . e'term"aryl”
denot es an cyelebexadienykl 113yeiciabapiadienyk 6@@'@%@@%@%@?%@&3‘ and 14 carbon
at ons 20cl ugiclogctatetra@mgt one aromatic ring systemlike phenyl or naphthyl

or any other aromatic ring system ortho-C6H4 denotes a divalent aryl group

occurring in . , _ _
The term "alkynyl" denotes a straight chain or branched unsaturated hydrocarbon group

comprising between 2 and 20 carbon atoms including at least one carbon-carbon triple
bond. Examples of alkynyl groups include ethynyl, 2-propynyl and 2- or 3-butyny!.

25
The term "aryl" denotes an unsaturated hydrocarbon group comprising between 6 and 14
carbon atoms including at least one aromatic ring system like phenyl or naphthyl or any
other aromatic ring system. ortho-Cg¢H4 denotes a divalent aryl group occurring in
catechol-type derivatives.

30

The term "aralkyl" denotes an aryl-substituted alkyl group comprising between 7 and 24

carbon atoms including for example a phenyl-, naphthyl- or alkyl-substituted phenyl- or

alkyl-substituted naphthyl-group or any other aromatic ring system. Examples of aralkyl

groups include benzyl, 1- or 2-phenylethyl, 1-, 2- or 3-phenylpropyl, mesityl and 2-, 3- or
35 4-methylbenzyl groups.

The term "alkaryl" denotes an alkyl-substituted aryl group comprising between 7 and 24
carbon atoms including for example a phenyl- or naphthyl- or alkyl-substituted phenyl- or
alkyl-substituted naphthyl-group or any other aromatic ring system and an alkyl

40 substituent as defined above. Examples for alkaryl groups are 2,- 3- or 4-methylphenyl,
2,- 3- or 4-ethylphenyl and 2,- 3-, 4-, 5-, 6-, 7- or 8-methyl-1-naphthyl groups. ortho-



catechol -type derivatives. The term"aral kyl" denotes an aryl -substituted
al kyl group conprising between 7 and 24 carbon atons including for exanple
a phenyl -wonaghtslms- or al kyl -substituted phenyl - or al kgrAPedsiosiows ed
napht hyl - group or any other aromatic ring system Exanples of aralkyl

meai tyl andensaisidadates inaiysiBRGiRd Graltpient siol efymna R arpe ROt o5 an

al kyl - substdetivatiyds.aryl group conprising between 7 and 24 carbon atons

i ncluding for exanple a phenyl- or naphthyl- or alkyl-substituted phenyl -
or al kyl - %%éb.'i ted napht hyl -group or any other aromatic ring system and
an al kyI su ent as defined above. Exanples for al karyl groups are 2, -
3- or 45nethyl phenyl, 2,- 3- or 4-ethyl phenyl and 2,- 3-, 4-, 5-, 6-, 7- or
8- met hyl - 1 Thedpllviwing emrml@sillosttéw%-ﬁatm linveatior withaut limitkydn sfubhes armat ed

di val ent aryl group occurring in catechol-type derivatives. Exanples The

fol |l ow ng e IIust te the pres Il nvention wthout limtation of
t he sane. %@%i fléyngjfﬁf éji"§°R5?p‘§ﬁyF? lt]tl%%’}&/net hyl bor ane

Triisopropylborate ( 110 g, 0.585 nol) was added to trinethylboroxin (55 ni
of a 5Qowt YrifsRdbrpy®oraié (110 gTeis8s MeN Wakadbéd To-imethylbradh |55MA6Ta 50 Wwiggen

and stirre t

distill of [ ers']1 rﬁ%@ﬁﬁ%rﬁagﬁprtﬁﬁ %%F%QI%@?F o r8§(%r¥ %’9&1%%%\?'63&“3@”%% um.
The first fTMGGS%WQ(@?Laf@O'UHP%W?S patgd bedigklbeff @emilr@tﬁusgawpammhmgrtany THF
and a snal Ithraugtuatvug:réux e@pmapnhimﬁrst frdtion €22 9 Adiét et betwedrd86-g 1 °G) edmtbnhedlg

bet ween 7414 M da%g TR Q8 B9 N ng® W%
THF. T t hi rg fr ct10 %54 Ifg'stsq)pfd Eetwee 00- 'Tg % ai ped 87
k% i H8opRORBERAC YT Borconieasts bl absaronanieiy E’Wtﬂ% )ﬁvﬁi ity

yi el d of d|th1IsbfpaablpOX%stmstlllmgrmeeﬂatOOFMB Q) Gonkained/87 widot he bor at e
?WF” o%/ed %Ei o efBdi@sd endf3 W%%%ﬂ!% PRy B8R PRE ai?é}all\@/'bm d¢tr ecedi ng
ormati on In a pressure
reactor by g r%é%xn%#%o&%ﬂreaw% (BB RGN s B BPRUR oo e
(excess) into THF (150 m) containing |ithium borohydride
20 Example 2: Synthesis of diisopropoxymethylborane with preceding formation of

trimethylboroxin

Trimethylboroxin was prepared in a pressure reactor by addition of diborane (86 g, 3
moles) and carbon monoxide (excess) into THF (150 ml) containing lithium borohydride

25 catalyst (0.25 g). The reaction temperature was kept below 50°C during the gas addition.
Some of the diborane was swept from the reactor by the excess CO vented, therefore the
final amount of solution obtained was 197 g. The resulting concentration of
trimethylboroxin in THF was 39.3 wt% by boron analysis. This solution containing 77 g
trimethylboroxin was combined with triisopropylborate (348.8 g, 1.85 mol). The mixture

30 was fractionally distilled. The first fraction (100 ml, 70-88°C) contained THF,
diisopropoxymethylborane and pyrophoric trimethylborane as an impurity and was
discarded. Fraction 2 (90 ml, distilled between 88-98°C) and fraction 3 (150 ml, distilled
between 98-120°C) both contained primarily diisopropoxymethylborane (impurities < 5
%), giving an estimated yield of about 70 %.

35
Example 3: Synthesis of Methyldi-n-butoxyborane

Trimethylboroxin (50 ml of 50 wt% solution in THF, 170 mmol) was placed in a round
bottom flask with distillation head and receiver under nitrogen. Tri-n-butyl borate (92 ml,
40 340 mmol) was added and the mixture stirred 30 min. Methyldi-n-butoxyborane and THF
were distilled from the tri-n-butoxyboroxin. The methyldi-n-butoxyborane and THF were
separated by further distillation to obtain 44 g of methyldi-n-butoxyborane, 50% yield.



catalyst (0.25 g). The reaction tenperature was kept bel ow 500C during the
gas addition. Sone of the diborane was swept fromthe reactor by the excess
CO vent edwoth@rsheome the final anmbunt of sol ution obtai ret/BrameH83049. The
resulting concentration of trinmethylboroggn in THF was 39.3 wt % by boron
anal ysis. This solution containing 77 g trinethyl boroxin was conbi ned with
triisopropyl borate (348.8 g, 1.85 nol). The m xture was fractionally

di still ed. Erampld 4.53ynthesist of ¢8)-Me0BSrom MetigédOrbuioxpbaraned THF,

di i sopropoxynet hyl borane and pyrophoric trinethylborane as an inpurity and

?’?Eodlnscar 18 rireRiblofii inPBEdBg. g ihingh Blord it iy Peiclicds Wf ddB6 8" °
di i sopr 8poXPretthrperack feund basiom flaskditted withya digfliatioyhegd ard ¢condessenand| d of
about 70 %fluEh@ahwitIGmPrbg@yMllhllesrlemaﬁﬁmg\m&e;'Iutbrt-aitrrblsblﬁ)etyhﬂémylﬂl n-butoxyborane
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mn. Met hylsdowed mﬁfoNWmnaxﬁmtemted‘am QT 8.7chpm)i additibrial methyldén-butoxyborane
tri-n-hgt owbergoalze mrﬁbwasbauédifoﬂawb@bywam B4 ﬂ&@lrsTkIFtdrwne anapasRhesl by
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wer e added compiet® forimatiéhofS)-Me0B8S (ﬂm=d35)mrh owroad sinlglet). The tH WMR spectrum

distillati }gﬁgﬁ efrai ni ng
under |Ber?6E?ﬁ§gﬂﬂQ?“ﬁﬂegaE§F@J HQL t oxybo %ﬁ?ﬁ%ﬁP%%ﬂﬂ&Bge§Wh §q$a
added V év XHg¥PS the flask. The reaction contents were heated to 1100C
while stirring for 1 hour. Wiile the 1 1B NVR spectrum of the reaction

m xture showed the formation of internediates d = 9.7 ppm, additiona

met hyl di - n- but oxyborane (0.06 g, 0.23 mml) was added foll owed by heating
for 4 hours. Al toluene and 1-butanol were distilled fromthe clear
reaction m xture (azeotrope boiling point 1060C). Toluene was added to the
residue. The 1 1B NWR spectrum of the toluene solution showed conplete
formation of (S)-MeCBS (d = 35 ppm broad singlet). The 1H NVR spectrum
(CDCb) of the product also indicated no remaining (S)-DPP or unreacted

met hyl di - nbut oxyborane. Clains: 1. A process for the preparation of a

di al koxyor ganoborane (3) of the fornula



R1-B(OR 2)2, conprising the step of reacting a triorganoboroxin (1) of the
formula (R1-BO 3 and a trial kyl borate (2) of the formula B(OR2) 3l

wher ei n RY0i2806d546320 al kyl, C3-Cl10 cycl oal kyl, C6-C 4 acylgr26én&d4ar al kyl ,
Cr-C24 al karyl, C2- C2oal kenyl, C5-C15 g¢ycl oal kenyl, C2-C2QCal kynyl,

CH2Si Me3, bstituted G -C 20 aa |Illky/ Il and R2 is G - C20 al kyl, or
two R2 group®™®n conpounds (2) or (3) together with the -BO 2- mpiety form
a cyclic structure of the formula with the di val ent group R3 selected from

the group af Cgbééés%r@e'p%ﬂ?a%ﬂonofm%k borane @RS tdémula - CH( CH

T

2)6- , ort ho C
t he di aPkoxyor §BhBE¥rande tr@)kylbgr%%b?aroéﬂaform@m AB*p.eacti on nixture by
di stillation. 3wheféia process of claiml1l, wherein RL is nethyl, ethyl,

n-propyl, flsf)prfgq%br 10 Ak ué%l%m g|0§% I ée-b?4 P@}’b Oérai?(ylbt':tz 4alﬁ’a |Ez- ;
Bt | oast one ndro AlkeRY: Gbrrryclak 9%¥Cl¢g BhEhE y@swb&iﬂa{iﬁ](ﬁr ace O

at least one n
t he sol vent is aleirahydrofurane (THF), d| et hyl et her,

tert.-hgtyl met yget her, hexane, pentane, toluene or benzene. 6. The process
of claim1, wh Qf g@le ratio of the triorganoboroxin (1) to the

trial kyl borate%é% ¥t He range of approximately 1 : 2 to 1 : 4 . 7. The
process of cl aiafntwo Rﬁ/ﬁ&l@isr'ﬂ f=<w@p¢lwét(2b¢r(3)stosaﬁhnerwahmﬁ —B@>- paietyfema ur e

from- 20C to -cydidkictue ofthpiforemss for the preparation of a
di al koxynet hyl borane (3a) of the fornul aoH3CB( OR2) 2, conprising the steps
ofa) reacting di borane with carbon nmong&i de i3n a solvent to formthe

B
ANV4
o
15
with the divalent group R3 selected from the group of consisting of-CH>CH.-,-

CH(CH3)CHy-, -CH>CH2CHy-, -CH(CH3)CH(CHs)-, -CH(CH2CH3)CHo-,
-C(CHs)zC(CHs)z-, -CHzC(CHs)zCHz-, -(CHz)e-, ortho-CeH4 or ortho-CeHsaIkyI.

20 2. The process of claim 1, wherein the dialkoxyorganoborane (3) is separated from
the reaction mixture by distillation.

3.  The process of claim 1, wherein R' is methyl, ethyl, n-propyl, isopropyl or n-butyl
and R? is isopropyl or n-butyl.

25
4. The process of claim 1, wherein the reaction is carried out in the presence of at
least one non-coordinating solvent.
5.  The process of claim 4, wherein the solvent is tetrahydrofurane (THF), diethyl-
30 ether, tert.-butylmethylether, hexane, pentane, toluene or benzene.

6. The process of claim 1, wherein the mole ratio of the triorganoboroxin (1) to the
trialkylborate (2) is in the range of approximately 1:2to 1 : 4.

35 7. The process of claim 1, wherein the reaction is carried out at a temperature from
—20°C to + 120°C.

8. A process for the preparation of a dialkoxymethylborane (3a) of the formula H3C-
B(OR2),, comprising the steps of
40



trimethyl boroxin la of the fornula (H3CG-BO 3, b) reacting the

trimethyl boroxin (1a) with a trialkylborate (2) of the fornmula B(OR2 and c)
separ at i ngot2bes/ Qi@ koxynet hyl borane (3a) from the react iPom/EPR0U0BD4DY
distillation, wherein R2 is Cl1-C20 al kyhoor two R2 groups in compounds (2)

or (3a) together with .the -BO 2- noiety forma cyclic, structure of the
formil a - wit h nereaeyad SRPERAD RPAUNGRPWP NAANGRLPBT NG, consi st i ng
OF-CH CH - , - CH( GAngtigisoroxin -1atdf tieferpula (Hs@BORH 3) CH(CH 3) -, - CH(CH
2CH3) CH2- , - C(fyHs pedekiftd thbArimethyBordxirGHa) withid-trialkylbdehted P Pof the Roridar C 6H4 or
ort ho- C 6H3al kyl . @@% c% 8 for the preparation of a trial koxyboroxin (4)
of the formula (R2 >% “conprising the step of reacting an

tri or gaRobor oxi (iqp%ﬂit'ﬂgﬂéeﬂ!ﬂ'm@e%ﬂ@%ﬁ (3akfrem dhe fsaglioympéraby (2) of

t he formul a B(OR2) distillsienein RL is G -C 20 al kyl, C3-C 0 cycloal kyl, C6-GCi
4 aryl, Cr7-C24 aral kyl, C7-C24 al karyl, C2- C20 al kenyl, C5-C15

cycl oal kenyl - C20 al kynyl, CH2Si Me 3, substituted C -C 20- al kyl and R2
is d - C20 al e_re@@%l b‘%’éb%@g for the preparation of

or gano- oxazaborasitwelRA geoups in bempoundst(2) erl (3a)otogether it theot3§)-+ siomly fane ast eps

ofa) rqgcting %cﬁg&n@mr@@ﬁ:ﬂh@q&%m@f the formula (5) HNR4- CRSR6CR7R8- OH (5)
wherein R4 to is hydrogen, G - Coalgyl, C6 - G4 aryl, C7 - C2
C24

aral kyl, C7 - /7 \
—B R
\o/

3

with the divalent group R3 selected from the group of consisting of-CH>CH>-,
-CH(CH?3)CH>-, -CH>,CH,CH-, -CH(CH3)CH(CHs)-, -CH(CH>CH3)CH-,
15 -C(CHs)zC(CHs)z-, -CHzC(CHs)zCHz-, -(CHz)e-, ortho-CeH4 or ortho-CeHsaIkyI.

9. A process for the preparation of a trialkoxyboroxin (4) of the formula (R20-BO)s,
comprising the step of reacting an triorganoboroxin (1) of the formula (R'-BO)3
and a trialkylborate (2) of the formula B(OR?)s,

20 wherein
R" is C1-Cao alkyl, Cs-C1o cycloalkyl, Ce-C1a aryl, Cr-Cos aralkyl, Cr-Cos alkaryl, Co-
Cxo alkenyl, Cs-C+s cycloalkenyl, C>-Cx alkynyl, CH,SiMes, substituted C1-Czo-
alkyl
and

25 R? is C1 — Cy alkyl.

10. A process for the preparation of organo-oxazaborolidines of the structural formula
(6)
R4

R® I
Ay N\

RBR_Z\O/

30
comprising the steps of



al karyl, substituted G -C 20 alkyl or the two groups R4 and R5 together are
a divalent group selected fromthe group consisting of -CH2CH2- |

- CH( CH3) GKd-2006/13@H2CH2CH2- , - CH( CH3) CH( CH3) -, - CH( CH2CiRX/®H26006/063044
-C(CH3) 2C(CH3) 2- -CHZC(CHB)ZCHZ to fegmwi th the -NH CR6- noiety a
cyclic structure, with a d| kox rga ne of the fornula

R1- B( OR2) 2, m@SeiW ng an ty2-amipdglodhal s PR‘ m 6@(@ cycloal kyl, 6 - G4
aryl, C7 - C4 aral kyl, C7 - 024 al karyl C2 - C20 al kenyl, C - C15

cycl oal kenyl, C2 - Qommy@ydRecﬁhﬁsSONEB, substituted G - C20 al kyl and R2
is G - C20 alkyl or the two R2 groups in conpound (3) together with the
-BO 2- noiety forma cyclic structure of the fornula with the dival ent

group R8 selected fromthe grod® consisting of -CH2CH2- , - CH(CH3) CH2-
-GRCROR. | -CH(OR) OHOD)-, - CHORGB)CR: | -(O)2C(C) 2
- CH2Q( CHs) 2CH2- , k&l 6- + ortho-C 6H4 or ortho- C6H3al kyl, and b)

Giotill off the f zﬁﬂgﬂka EHGens &1 FreslbY o G aao b g IS SrmGo
wherein the 1, 2-analkanyl, subsiitutedCiGo alkylral . 12. A net hod of using
di al koxgor gagobolr apethe (wo gﬂfup%h@ dnarReLbgetidr 4pé Qﬂ?\)a?erftgfodp%lé&MRr?‘thé)nOOf
o gane ocesabor ol s bR LA BER LS BRiG ot €0 212 G
al karyl, C - C20 & JCH(EH1:)-, @HCHﬁhaﬁerrﬁpos)zQ(CHa@zo al kynyl ,
CH2Si NES, subst i t utGHLOICH;)2CR0- tal fisirh wath di2-NH-CR6- moieB0a eydtiy Istructuret he two R2
groups in conpounds (3) together with the -BO2- noiety forma cyclic
struct L‘i%e of the fW|ttqné|1ld(f‘alkoxyorganoborane (3) of the formula R'-B(OR?),, wherein

R'is C1 — Cy alkyl, C3 — C1o cycloalkyl, Cs — C14 aryl, C7 — Cz aralkyl, C7 —

C2s alkaryl, C, — Cx alkenyl, Cs — C1s cycloalkenyl, C, — Cy alkynyl,

CH.SiMes, substituted C1 — Cx alkyl

and

20 R? is C1 — Cy alkyl
or the two R? groups in compound (3) together with the -BO2>- moiety form a
cyclic structure of the formula

/\
\/

25 with the divalent group R3 selected from the group consisting of -CH>CH>-,
-CH(CH?3)CHo>-, -CH>CH>CH-, -CH(CH3)CH(CHa)-, -CH(CH2CH3)CH>-,
-C(CHs)zC(CHs)z-, -CHzC(CHs)zCHz-, -(CHz)e-, ortho-CsH4 or ortho-
CsHsalkyl, and

30 b) heating the reaction mixture to complete the ring closure reaction and to
distill off the formed alcohol.

11. The process according to claim 10 wherein the 1,2-aminoalcohol (5) is chiral.

35 12. A method of using dialkoxyorganoboranes (3) of the formula R'-B(OR?), for the
preparation of organo-oxazaborolidine catalysts (organo-CBS catalysts), wherein
R'is C1—Cx alkyl, Cs—Cio cycloalkyl, Cs — Cis aryl, C7—Cuxn aralkyl, C7—Cuxn
alkaryl, C, — Cy alkenyl, Cs — C15 cycloalkenyl, C, — Cz alkynyl, CH,SiMes,
substituted C1 — Czo alkyl

40 and



O- BR33\ / Owth the divalent group R3 selected fromthe group
consisting of -CH2CH2- , - CH(CH3)CH2- , -CH2CH2CH2- , - CH(CH3)CH(CH3) -,

- CH( CH2CHBDGbii7134074 C( CHs) 2C( CHs) 2-, - CH2C( CHs) 2CH2-, - pCliZ)peeos/0630ho- C 6H4
or ortho-C 6H3al kyI 13. A nethod of usyfg di al koxyorganoboranes (3) of the
formul a R1- B(G%) i n_Su ukl-type coupling reactions, wherein RLis G -
C20 al kyl, o c(}é"l ol kyl, C6 - Cl4 aryl, C7 - C24 aral kyl, C7 - C24
al karyl, C2 - cedle eenigd groGBsmczonIpouydss (A Itdgeatiyer withthe —BRoahnkigtyyform @H2Si Me3,
substituted G cycfe?diruatufd bf deGodtuias G - C20 alkyl, or the two R2 groups

I n conpounds (3) together with the -BO 2- gpiety forma cyclic structure of
the formula O- \ / Owth the divalent groug R3 selected fromthe group

consi sting of -CH2CH2- , - CH(CH3) CH2-—B_- CH2@®¥2CH2- , - CH(CH3) CH(CH3) -,
- CH(CH2CH3) CH2- , - C(CHs)2C(CHs)2- , -CRRC(LHs)2CH2- , -(CH2)6- , ortho-C
6H4 or ortho-C 6H3al kyl . o

5

with the divalent group R3 selected from the group consisting of -CH>-CH.-, -
CH(CHs3)CHz-, -CH,CH>CH>-, -CH(CH3)CH(CHs)-, -CH(CH>CH3)CH.-, -
C(CHs)zC(CHs)z-, 'CHZC(CHs)ZCHQ-, -(CHz)e-, Or'thO-CeH4 or ortho-CeHsaIkyI.

10 13. A method of using dialkoxyorganoboranes (3) of the formula R'-B(OR?2) in
Suzuki-type coupling reactions, wherein
R'is C1—Cx alkyl, Cs—Cio cycloalkyl, Cs — Cis aryl, C7—Cuxn aralkyl, C7—Cuxn
alkaryl, C, — Cy alkenyl, Cs — C15 cycloalkenyl, C, — Cz alkynyl, CH,SiMes,
substituted C1 — Czo alkyl

15 and
R? is C1 — Cy alkyl,
or the two R? groups in compounds (3) together with the -BO2- moiety form a
cyclic structure of the formula

/\
\/

20
with the divalent group R3 selected from the group consisting of -CH>-CH.-, -
CH(CHs3)CHz-, -CH,CH>CH>-, -CH(CH3)CH(CHs)-, -CH(CH>CH3)CH.-, -
C(CHs)zC(CHs)z-, 'CHZC(CHs)ZCHQ-, -(CHz)e-, Or'thO-CeH4 or ortho-CeHsaIkyI.



