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WD 2008/ 000678 PCT/ EP2007/ 056171 Borane et her
conpl exes Field of the Invention 5 The present

WO poosbicos rel ates to new borane conpl exes w t PCT/EP2007/056171

substituted tetrahydrofu- ran ethers and a net hod of

BSi ng ew bor ane conpl exes with substituted
gn gp{ylpqxgﬁ et hers for organic reactions.
Background of the Invention 10 D borane (B2H6) is a

ERX &F tRE thvBtgphori c gas that is very readily
hydrol ysed and oxi- dised. It nust be handled with

ut nost precautions and nust be shi pped and stored at
{ Berpeasgibiipantipa relgies foesw Parage gempieges wily sebgtided tetrahydrofu-
hawzathels antl adhdtbodoeysingpngl esase ebmpleaeanith 6Bb$lijuted tetrahydrofu-

t et rahydrofuran, sulfides, ani nes
%‘Q%&EJF] g%lrﬁcs rdalcliéhst y

I nes are invariably used for organic
reactions, especially for the reduction of functiona
Gedigreuraimd theolnvetdnobor ati on reacti ons with al kenes
and al kynes. Functional groups reduced by such borane

RPRA B 14 IR BlolputBric kel 40c JRFHaRR, nARgELeana ox.

dsed. Itrwest W@dw'tmﬁméﬁ@rﬁﬁﬁoﬂ%@?%wa?l?ﬁ‘ w%qed(anqutored at
g0t peratoresdfeldwn €250t B ddib redieephehazands cfidibsane, complexes of

B?Féﬁ@ lgmH?'vJutY\ Y8t mBRLes ﬁ@%’trhﬂ d%@bn s&ﬁ&l{seﬁﬁw‘ir%’siaﬂﬂ

ever,, or an

Boscpﬁlé‘reﬁﬁ‘lfe @é@dﬂ?ﬂ&’o‘éﬁeﬂ Br OrB?r“'%f‘f?@ 101e: &3 l‘? H%I“CPO“ of
fuactieriay droops path far ihygrobbratidn r&yctlmsbwoadyermseamgllemds Functional

yl‘dubgf??écﬁﬂc&d b sticH thiyd Q&ﬁ@bﬁesﬂ@clg@é@éél@?@ﬂ@' {(ét@ﬁe lactone, epoxide,
rdin e storage
tgg%&t?é Aﬁ? orﬁ'g %négntﬁf%g%ug)%pl ex in THF solution is

| ncr eased significantly at |ow tenperatures, even for
3hé trosbus: dviou feehuf @beanedo a eetrihy adofuoars (THR) siomtnme bf thishovane-THF

E&ﬁﬁle?% @rhbé%mnlrgraglefﬁfa'ﬁble Lﬁ%%@?\gﬁa%e n%tlem &hhmolll How-

orane

€¥'i Be berangr e SOYREK (Syope B%ﬁhs'i R} OEH 5‘?%?@& y eéi“ﬂ éfeavage of
e tetrérendsofwianing leeding frbleutexi/borangs shd udimatelyg thiaibetytbotate as
Be&rﬂn@sﬂﬁhrp%hu‘ée A@&ordlﬁg kRS 6,649 trie Mbrtabe Qtdngity of borane-

‘I"PIEEP%XieX o’?’utl ‘Ies |ﬁ r%l ﬁs@nl atntlig Igﬁ/l temagrmtu %reélgn for

sadvan-
‘Plet'QﬂSgHMh'@Eﬁﬁ@@ﬂ@Wﬁ S’out their conmercial use is
I | mted because of their strong odor. The reactivity

s \%‘1 E@v@%@ﬂ?ﬁaﬁyﬁrﬁ%%ﬂﬁﬁﬂé d stg&g wslbﬁ \Af?cﬂtboFa‘ﬁe than linear
8 ES% Rﬁ&@]’ﬁr §r E‘Pe‘seﬁ?ss Qfg?hgﬁ V& tﬁi"ef‘%g%ﬂo%‘er
Ethem wittefiveerme mberedrringtstnuetusaschave oot ¢ esrexamindres afies iBogahe re-
Qﬁé?ﬁé'mm BERer bgﬁrﬁﬁlﬁ'ﬁlnb %Q@rﬁt‘s QrsSavdigpe "B)@t §19‘fre9 frofhBherent dlsnadvan-
FROPS o e SRR, B0rk B AR R B P St use
tséﬁ?j@ﬂé’le%lésed?f th‘%ﬁ/\ﬁf"“ﬁéﬁ‘ﬁé raedeactiviyy oframing b@rraeaets frequently not
seffieierti ty réduce ldaspeviée funotidresh groupalderdosen sectsamgieximgagents are
@mew&ddiﬁ%ullﬂﬁﬁrehﬁgeﬁ‘rjaﬁl the reaction mixture and isolation of the desired

product may become laborious.

Depending on the substrate, hydroboration and reduction reactions using borane re-
agents can often be accomplished at ambient temperature or lower temperature to in-
crease selectivity. However, borane reagents are sometimes employed by heating the
borane reagent together with a substrate (i.e., a compound to be reacted with the bo-
rane reagent) in a reaction vessel and preventing the escape of evolved gaseous dibo-
rane from the reaction vessel. Due to the low thermal stability of some borane reagents



10

15

20

25

30

35

borane reagent together with a substrate (i.e., a
conpound to be reacted with the bo- rane reagent) in a

w0 eashomwns vessel and preventing the escape of PODEF®A7/056171

gaseous di bo- rane fromthe reaction vessel. Due to

the low thermal stability of sonme horane reagents WO

S0 15 BB BIcEr B IR AIO MDA Joul o e ) DR FaPEe reagent

Isassed if suphdesmgtormptimnsalinen ihaieglerciorain finikbed thegeaation mixture is
[caMEquRRBEM te. g. ivathUFeslcdHol, 36 8Bstidyang fremnBRngdsaneiBagent be-

| g L e d .
(B wRARY, 18 s Bl e Raloeor BB b bfgy afects the
aliAyiliyeandi raRcilyitherthp @orapg geaenbas welh pe PlRssWEdRd tppprgture at
ettictl @antadtivatcanhive romtod heoforkiug prosyaluexi ng agent
strongly affects the 5 stability and reactivity of the

or ape reagent as || as pressure and t erature af.
ahre, iR HeR ool o dvpies e thrane madkis kTRB HPYEL TPl and
Raeh\dlypreperiias ans retdpdaol usingothdevie buier treaehiryeantestter efficiency
foR dERIAICSHr aMstdimiigH: oyii@bbrahé Yeadjedlts. r eact i vity
properties and nethods of using themin order to
achieve a better efficiency 10 for organic
BrarensPhiae IB8sti®hpl oyi ng borane reagents. Summary of
the I nvention The present invention provides new

PRE BRRALINRINER BRIVRIEE S G BTREHSEAG SHidles %B%risiﬁé substituted

%?La@égr of ur aps as t he conﬁ e)é!ﬁ%/ a?%gtt andb.so \f?hnt. )
BOHEPTUEE) St N FOTRIEXIPP 29811 AT SPVERE MDRINRAEPIEH LT the presen

theerticnprasthe deveteprhentof ofethesis g using theavevbberane ethieheemplexes

foP BRJaPIcaSactfon. Or gani ¢ reactions. Accordingly, new

borane ether conpl exes of the fornmula 1 have been

found, 20R R2 OBH3 R3 R4 1 wherein 25 R to R4

fegnraisglit NG, BBRA GEISE FOMPIERRR dlhfiHiE 1 hgMgrRsgadound, -

C o-alkyl, C3 - C6- cycloal kyl, phenyl, benzyl,

substituted phenyl or a substituent of the fornula

CH2OR5 , wherein R5 i R%C, -/ Co-alkyl, C3 -

C6- cycl oal kyl, or -[-CHR6 ] n- wherein R6 is

hydrogen or nethyl, R7 is - G o-ILaI$ kyl and n is an

i nteger between 1 and 2R, 30Ler two adj acent

substituents R to R4 together are a dival ent group

selected fromthe group cansisting of -CH2CH2-,

- CH( CH3) CH2-, - CH2CH2CH2-, - CH(CH3) CH(CH3) -,

- CH( CH2CH3) CH2-, -C(CH3)2C(CH3) 2-, -CH2C(CH3)2CH2- and

whesab) 6- to formwith the

R' to R* represent independently from each other hydrogen, C1 — Cio-alkyl, C3 — Ce-
cycloalkyl, phenyl, benzyl, substituted phenyl or a substituent of the formula CH,OR3,
wherein R% is Cq — Cqo-alkyl, C3 — Ce-cycloalkyl, or -[-CHR®CH-0-],-R?, wherein R is
hydrogen or methyl, R” is C4 - Co-alkyl and n is an integer between 1 and 20,

or two adjacent substituents R’ to R* together are a divalent group selected from the
group consisting of -CH>CH>-, -CH(CH3)CH>-, -CH>CH>CH>-, -CH(CH3)CH(CHj3)-,
-CH(CH>CH3)CH>-, -C(CH3)>C(CHa).-, -CH-C(CH3),CH>- and -(CH:)e- to form with the
-CH-CH- moiety of the tetrahydrofuran ring a cyclic structure,

with the provision that at least one of the substituents R' to R* is not hydrogen.

The new borane ether complexes of the present invention can be prepared by similar
methods used for the synthesis of the borane-tetrahydrofuran complex. One method
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-CH CH noiety of the tetrahydrofuran ring a cyclic
structure, 35 with the provision that at | east one of

wo b@ssulsst i tuents R to R4 is not hydrogen. TheCTiER2007/056171

borane et her conplexes of thegpresent invention can be

B Thih sl B aron B shre e T S0t oo it Aggnoren
mﬂg@ﬁ@oomreppmtuwzgwmg@nem:ahyqro&mmws/éspelm K.rSrait, . C.
BRNET, Mdrafe ReaerteNep.f420m £pdingsadiaE PRadriods). @rsteRBIYOthe new

F&Jame %ﬂ{gr g?m ngé%grerrﬁac‘c%eﬁb eq\f}epLﬁM/b@ §i gel& ?gdltlci_r? ofé:aseous diborane

Bty WSPGBWSNE iegdpirawdraiwanso1 - 422, Acadenic
Press 1988). Preferably, the new borane ether

?H@Hé\ﬁ)bgﬁan%re?né?%g% 'Ie'9<e£1 bgttﬂe Q)%éehylnpé(nt%hrc%ﬁ%e%l&}e@%r a large

ous [ espe u
Sur P &rwws?erwe? oS /EKBRERS 20t e o dan ok btis grgups
pmcéby;dwborawczf\wadwneanthwe@ﬁpIaog/eﬁkylﬁeﬁr Fan¢tngegrowpmisdrced by
o chascgam @orﬁrslaxe%frﬁém bRdtfple FORTR! £5crge, Ketthe! REtHRE] Gfbxide,

Oliel N4 S0Rlc. AU ANN: DYACRRAGAL LA Leact | ons w th

nes an oha rou educed by 10
such bor ane conplexes may for exanple i ncl ude
ﬁhei ady deranketionepmpixt o dEthe ppeschtiayentieatoffer nanerdes advantages

el ecri gmh@%no@ﬁrbg%?%l dofpsd & uﬁﬁ@osmdtéd e?raﬂ%o\?gfﬁ?alnoﬁt]@ to the
a?rfeé?'f’vduﬂw%a@n%ae'gm’ §08°C fos AP B Lo s 66°C for

bOFhared tastpoint (©0. ﬂﬁ%@ﬁthrmalhel@btlta@vdrahy@rr wérausari.7 ©fer THF) of
fh@ §uB§t|tuﬂa5 tﬁmﬁﬁfdrﬁn§b@ﬁ@re@w uﬂlsimgsﬂﬂgﬂeﬂttet(&}ygroﬁ?r&@the com-

GRS ek Bt AN ALLLAR. KEESHIPOENET, ;gE'Fquu;n%aen and posi-
gfdge sqqs@ttfe@;s atjachedio the ﬁée%qr@qﬁn&of t € new compounds 1,
thetmeahlyataind athansonsplayssrad ldss polas ahg thet ethedal complexing agent

ﬁdv&saé‘ u@édJ |tﬁll?3?wﬁl9 Watd? QHMESrR9S %Ré&)@ﬁfuted tetrarn/drofuran

azard e na
w @%%é'ltate% R RO TRRE (1, BAE o it BT8R eneray
falgasedwpbe tf@a:mah degompositien afdhe oewpompdsnds, is FOmphtecagesvmuch
Weaﬂ%nefblhﬁfratﬁ‘é)féhjaﬁ%;(ﬁﬁfu?drﬁ whehSefMsah adibpdriz@t e4fBgTRRhntage

8Pt ln%%'c%% %gg&[o Y ows a reduced mscibility with

er “conpare nsubstituted tetrahydrofuran,
V\,hl ch facilitates work-up procedures for the reaction
Wihehwhgsoyehiin epargioselbbiveaadualipns Dfdieetﬁ&edV|thlpOéthylkﬁEJbBﬂHUted chiral
%‘zﬁs&%ﬁa.hée Etst(taﬁo g% FROBUA 48 diTICHRS! EGASER. Angew.
netetra @ﬁb gh%lnh i
Phem 1 5 ﬁ%gﬁ Sl bgs L by Pungangiing paantiomeric
B60SE oh’q@wdovsth thih oaw dordneyatioeri acomprexes isoygihardinan/with borane-
fetdHgdrbfiig. of ketones with methyl -substituted chiral
oxazabor ol i di ne catal ysts (known as MeCBS cat al yst s,
Corey, E. J. et al., Angew. Chem Int. Ed., 37,

Eggféiezerﬂzloopég“@)qrawmewas surprisingly found that the
enanti oneric 30 excess obtained with the new bor ane

F%;PPGH FFIQE'EPA%?( f’lﬁe B* &Qfﬁ‘nptogiﬂg ‘quwés% P b BBRT sdifioh& of¥Sane-2-
methyltetrahydr rrlaﬁ in me hyIt% rgr?yrlirofuran (prepare ac%ordlng to example 1) at

ambient temperature with and without addition of sodium borohydride.

Figure 2 illustrates shelf-life or decomposition studies of 0.88M solutions of borane-2-
methyltetrahydrofuran in 2-methyltetrahydrofuran (prepared according to example 1) at
ambient temperature and at 0-5°C.
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studi es of 0.88M sol utions of borane-2-

W(urmtohmh%es rahydrof uran in 2-nethyltetrahydrof uPEmEP2007/056171

(prepared according to exanple 1) at anbient

vvrth thout addj t.i on di ym

Gty Bhifrles pial P Srdécomtpsas SLtisR ey BspRFepiiBhs of borane-2-
deﬁwﬁpwmrﬁwaeum&w@hpﬂetr@hm kol (Dteiperes astotsingdaexample 1)
#Aih aBdition bRdodriiy BsrehydrRie dt Bmbidik tdmpdr&tlifeddnacit @t spcan
(prepared according to exanple 1) at anbient
tenperature and at 0-5C. WO 2008/ 000678
Pavrreebiloeiatesseesite ar gecgmmpesiton piudies 0h P S§Msspltionp pf orane-2-
miettyétetoahydeiftranm 2-medidietratydbofBeM (pepatddartsoming to example 1) at
8‘?{ é'@xﬁthzand%fh'aw écﬁﬁtfd’f\*Bf@%&rﬁMft%'ﬂo a/'ande. _

-net hyl tetrahydrofuran (prepared according to exanple
1) wi th addition of sodi um borohydride at ambi ent
Fonpsed aerupareasbielklife @ 8€;ompasitignseudiesi af|1lyssaliations of borane-2-
friaetyf teﬂréﬁyﬁrcﬁtﬁraﬁﬂﬁ@flﬂ&ﬁyltbtr@ cﬁéfUEﬁnQﬁldeorQleg@%ﬁ@remrdhﬂﬁtetra-

g dr&i&hﬁﬁ% 1o %ﬁ'gjé}x érgfulr@ ¥ % Wht &rt aladltran Hgscidéurré)pg%ly%rrde.

uran prepare accor
1) at 0-5C vvrth and wi thout addition of sodium
Eg[msh@’ tlustcbtes fReglecempositompefbesarek® bidirheth@tetnahydrofuran in 2,5-
Byl U bRbidht tefnddrstelt [ ons of bor ane-2 10
th Itetrahy rofuran 1 n 2-nmethyltetrahydrofuran and
borane-tetrahydrofuran in tetra- hydrofuran at anbient
Detaied Beseription phthaaventiethout addi ti on of sodi um

borohydride. Figure 6 illustrates the deconposition
?Fre R%\&%ﬁf n% e?neq ggﬁw#)u@f(re% ﬁF @?W%ﬂ %C&ﬂro‘r‘rrﬂgr@% ?hemicall%ructures

‘?'P%EP tbé§€ﬂ?r|§{f°8f1“|éf1 the Invention The new bor ane
et her conpl exes of the present invention have chem cal
structures according to ther'general formula 1, 20 R
R2 OBH3 R3 R4 1 wherr 25 Rl to R4 represent
i ndependently fromeach o hydrgﬁ C
G o-alkyl, &G - C6- cyclg , benzyl
substituted phenyl or aRsubstituent of the formla
CH2OR5 , wherein RS is C, - Co-alkyl, C3 -

C6-cycl oal kyl or -[-CHR6CHZO | n-R7, wherein R6 is
hydrogen or nethyl, R7 is C, - Go-alkyl and nis an

i nt eger between 1 and 20,
wherein

R' to R* represent independently from each other hydrogen, C1 — Cio-alkyl, C3 — Ce-
cycloalkyl, phenyl, benzyl, substituted phenyl or a substituent of the formula CH,OR3,
wherein R is Cq — Cqo-alkyl, C3 — Ce-cycloalkyl or -[-CHR®CH-0-],-R?, wherein R is
hydrogen or methyl, R” is C4 - C-alkyl and n is an integer between 1 and 20,

or two adjacent substituents R’ to R* together are a divalent group selected from the
group consisting of -CH>CH>-, -CH(CH3)CH>-, -CH>CH>CH>-, -CH(CH3)CH(CHj3)-,
-CH(CH>CH3)CH,-, -C(CH3)>C(CHa).-, -CH-C(CH3),CH>- and -(CH:)s- to form with the
-CH-CH- moiety of the tetrahydrofuran ring a cyclic structure,

with the provision that at least one of the substituents R' to R* is not hydrogen.
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30 or two adjacent substituents RlL to R4 together are
a divalent group selected fromthe group consisting

WwW@bRoosQhd@2-, - CH( CH3) CH2-, - CH2CH2CH2- PCT/EP2007/056171

- CH(CH3) CH(CH3) -, - CH( CH2CH3}CH2-, - C( CH3) 2C( CH3) 2-,

- CH2C( CH3) 2 - apd - - to formwth the -CH CH
ﬁﬁi“é‘%h%r??”t %?r&’ r 1h§/§i%g‘%}’?é1’?”ﬂeﬁgj‘ %{a%%ﬂ?pioé AR upRrEnGhe satu-
BBedunydiogaeorpgrovp spoprisingabetween d s dotrsbaf atphe. Examples are

it sd nHSutOfs otV Sttty Vb IAP ORGP &ty l.
PCTWEPZ%%%S@7]@O§4AS uged hesrael n, ¥1e tegm %D - Y
G o-alk denotes a branched or an unbranched satu-
Tae &ﬂmhéel rSeyBeakyYr siepetes feiusateg NydegaeAN grard-omprising
betmeen 3aindréscarioraatpmesncuding aretdnpt or Etiyeytlic gimuotuyal moiety.

t utyl,

Egé(’rf} Iggﬁbe %Jgrotﬁ%dﬂ ’cﬁ]&ﬁh)&\ Wcio@ﬁ@f%%ﬂg?h‘gé kyi ]
denotes a saturated hydrocarbon group conpri sing
Deé mmﬁstwsatlﬂiecﬁpr&alybolenab@ aphieny Iguslipngitraatriedsd one hydrogen atom

ol yc [ tru nmoi et anpl es ar
BRI E rb  yPE egpBrT o o e s O~ O
dlRexyt groop.” substltut ed phenyl" denotes a phenyl group
with at | east one hydrogen atom 10 replaced by a

halide atomlike fluorine, chlorine, bromne or iodine

The @‘TaG1 CCdg=aIl@y @driotsya @I’ogp ﬂerl\ﬂélﬂia‘frdrﬁém’ilrarﬁhed or an unbranched
0X enotes a grou eriv rom

Shonhe mitienleahol sompreatd e ReReAIba Rt Pméaﬁygamp es'are mefh-

o8y, \éﬁﬁ)&%]pr@fﬁtﬁ(y&s@@bb@fy, Aty EXETDyes dAi-BertBhy)-

oxy, OXYy, propoxy, isopropoxy n- but oxy, isobutoxy

and n-pentoxy. The term "adjacent” denotes the

Te¢ rmyadigedtt denetesrthe iRlatyengsiion Rhiwogreurelpat aresgraipted by

theeborliends. 20 It shoul d be enphasi zed that all

stereoi soners are included in cases where nore than

R R e SL AR ER % o5 RS v

hws@g@jmenfﬂﬁétori%wrbmaétheﬁlhe«nermqne@ﬂwIncn‘ontnwnds according to

mr,ﬁggnﬁ,slnaywurb%*h_can be prepared by the reac- 25 tion

of di borane with the respective substituted

tetrahydrofuran. In order to allow for this reaction

The ”@I‘N%@F%ﬁ@”&iﬁ%@'%% abthe Prepebvertiongan petrepared by the reac-

i @S@f&ﬂbdrmee Wil el r’e'slrbemtivé siibstityed @trahydrafnrany Iradsryler to allow for this

thelditsr t?r‘u E#ﬁgar\/\mﬂttg@ Fesp&ctie suBthuted tetrahy-
nmet al or o or aE @5@3
P'é?)éé‘n%fn l—f“ﬁt'ts 'rh?!'&hfl%fraﬁt'oé‘r &9 em et koro-

pyadreids i Themeghbtprane et]lebyordplem ofdlokelpteisemt imfentjars eguyeferably pre-
gér’@@ rrﬂﬁgh tpert‘yrl:f? di r%étpeﬁféﬁtioﬁ%f §H§b?fu'sfdiﬂo%he 8@he respective substituted

%fﬂx & ?VQH‘l?Slﬁ‘aﬁ‘? SX%S EE etraﬁyeqrsflrdgaSt%;gLéaglg present in

@&ﬁ)%z@@as PQW P3eddp lb‘@rdékma%ﬁ]%f‘d tth?é?f@feb gerves bpiicas qoptAiexing
agern dorphekomge aagankolvert fortae bewsrfernsattba@snes etheetdmplex. Of

s& M SBQ/EHE@V#H SR c@FnIB%rX| Oémﬁf“‘t)é bog e, W‘éﬁeeat least par-

er. solven | exi
% Sriecbe g B éesaﬁctfvsa@stﬁat@ E E%quw@% dSQpe present, for
example §pearteithess Brebdiethylatieet or dydrahgrdoos, likapentass, helkgime, hep-

RRep&RifRkand, ®luene or xylenes.

The concentration of the new borane ether complexes in the respective substituted
tetrahydrofuran containing solvent or solvent mixture is generally in the range between
0.01 and 3 mol/l, preferably between 0.1 and 1.5 mol/l, most preferably between 0.5
and 1.25 mol/l.
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35 exanple linear ethers |ike diethyl ether or
hydr ocar bons, |i ke pentane, hexane, hep- tane,

waeymsohsxane, tol uene or xyl enes. The concent re¢T/@8P2007/056171

t he new borane ether conplexeg in the respective
substituted tetrahydrofuran containing solvent or

solvent mxture is generally in the range between 40
Oheformatiorsreaolign for ihedtewr kasane elbeneasnplexes citie Aregent invention is

ol exéfﬁéﬁrnr@f@ﬁnﬂ abihg thernae pRtabili®y ofaislbdrard etiet Edmpiékes in
§Qr9e%lqp Q%ﬁ\? sg)t%q%r oE(l:Dc%Qr%Nhgﬁgr‘?rgéerﬁse Irhtﬁe r?a(c%ﬁ rn%?lu re |n course of the

Frasti@hin prdgetin Vel side ragstiens %Pdé‘%‘i!‘ﬁ@f‘rﬁf EnPLGHPﬁH‘ettSmPH@tWe of
theeeaetioninigtuedsHdutdybeobelb @nibiard tendrhiare, peafidabydelawn0°C and

%Q?ﬁr@reréﬁly bsiopddhgabl e to control the tenperature of

he reaction mxture in course of the 5 reaction. In
order to avoid side reactions and formati on of
Thewey in which e gasepes dibarese i brougiy inte gontieotwvitti the gthereal solu-
fbroKltieerbRrd el Synirszat ﬁrﬂortbﬁmro@hrrbrﬁnrgnr%@‘x@mhhw r&&dtioWof bo-

el TB ! £ WoR] O¥e- A0 Cr B Yo Ml e of the

@Wﬁ@%%'“% $ usqcbtqadgrgasgow%wﬁae b 'Ge sejufan.finteagive cooling
togpthiet avitle @igbmus Gitringlaind ragsidvn edditiant et isireconeraetdeaito@event lo-

E’Qge& ﬂ@?t é §§m%%t’r@é WhEH drb?raﬂe% Qd&eﬂqg trRJ hé%\d@ﬁgt?el cﬁ a reac-
?%n er the surface o

g % ﬁ&' er eal

%06‘ %RJBG Yedeayeds %%P%'r?é’ “ct'8”r Ougt {itth 'éﬁase the'feaction

willttekes plaee indbé pagphasegedmyer thetwhole gofasaof Hei liguidnghasedf nec-

éss%'r@%@@i@bﬁah@lﬁm@rﬂtb% drlﬁteﬁerﬂmfﬂfﬁﬁgﬁigaé kePHiRYIM orldPgon before it is

B%aéﬁteiﬁt fl}‘fﬂ{acﬂ\%i*th ’EH% tr?earg%ﬁ doﬁ}p é’xﬂ%lglfup F‘flé@a%t‘?o'?} of ethereal borane

eadspace I'on“'ve
teFeeRls rﬁrorrgcrvra@rr%lm stoerf @pprape yieldsdligher sHrity HrransgRognts than
whes peaiseed bieinrsitacoutesn MovebVerf grisparptiarcef dtiertalebogae: reagents

ﬁ’ ﬁ%%dfﬂrﬂgb@%ﬁfdrb@% QEgocﬁHﬁrftﬁa?&weﬁ%é B 54 % U&HJH et 3§rg>rt1>orate

R ECY T B APTBGEh G VATIRIE 58PGKES ¢ 15  br ought

into contact with the ethereal conpl exi ng agent.
RisRar ridwanhef ethéraet Gahe BohRBLes £RAGLINdRrdd MBmal decomposi-

gcgr}/soggrnt'hg ?(H)\Xn %E)Pahgqet%g/ mﬁo?uﬁ%n %or%b%? éﬁ% %g%ec%ﬂ{potsrﬁon occurs by

orane reéagent
pihat @gava%roé&hﬁetretrawdéfﬁaraatrrnan @Jﬂa“@ttﬂ@hé‘ﬁ'lo“%é"r‘ geraplex can ther-
madyg eadosnpdse aiarisg thelou era Ingacttionkeor ibstdedtimpspeylBtorage tem-

P é(éj%r]btg/% Bﬁ‘@??aicoont‘é'éﬂ)g]'éc%bﬁééédéﬂ{ BEALA I m'aff@r%f'v&ée?§ During
tgr%@rtﬁe C p o S oo e Saspp g (aer
draeogd Tthedirstantedeediatp.ovonatBitaxyberane Ao nevarobkervesin 'B NMR
A&t betibMNYSHradad sHutASBE 8% HohfictRtraklResiRAIohipRiX. Obvi-
%&sq); it regéfr{y GFT‘%P'F%S (r)‘ﬁén%?é/ a@\? ngportang tét%{q‘i@@f&%ﬁ’ L i’f& gmu{oxglgorane
diVar & eJ- e ﬁ@eff‘hb%@o@?@é) SP78-848%% @I%Jt%r/bfPrﬁn%P@Vé@WW dis-
pmpbmpeaﬂey or fuirbeagectseintd ipesehedds teentB NN sbeadint at 5 =
ﬁlcdsaéjélﬁrb‘fjé??grfpﬂ% 1 9By PE) ‘?rrHﬁt%Fbeat@fs L}ftﬁﬁé‘tgly B D Broduct

Sfté%f@ﬂﬁ&}f&?&P[ﬁ’?rsr{gﬁr'>rr§>nsb§ﬂr%bea?%?*hefs'35' ol eavage). The

first internedi ate, nonobut oxyborane, is never

PRS Slo¥:RR dtabilitPofRutions of the known borane-tetrahydrofuran complex at dif-
ferent concentrations can be increased by keeping the solutions at low temperatures
(c.f. US 6,048,985) and/or by addition of small amounts (usually less than 1 mol/l, pref-
erably between 0.001 and 0.02 mol/l) of hydride sources like sodium borohydride, po-
tassium borohydride or alkali metal hydrides such as lithium hydride, sodium hydride or



10

15

20

25

30

spectra of partially degraded solutions of the
bor ane-tetrahydrof uran conpl ex. Cbvi- ously, it

w0 e@diobos7gli sproporti onates giving PCT/EP2007/056171

bor ane-t etrahydrof uran and di but oxyborane (D Mare,

M, J. . m .1996, (24), 8378-8385). , o
Eﬁ’%ﬁ%“é’%%@?%ﬁ?&%#é’éﬁi‘&ﬁ 23 '%i?%“ 0“;5?@8@% Sa)ﬁat{%¥°8'f3 studies it ap-
pears tat hyeridst additien to solotiesrof dgrane-tetiehydRfNRR copetexrdives rise to
fHe fBrnTatidh of el ashich, Wbkl R4y &ctdsthd3adtlalstabiingzagent.

Tri butyl borate |s uIt| mately the end product after

all three borane bonds have reacted. The storage
Shergfare, ts@e@-ﬂlfes%qqu I@Eﬁ/@ Reenipsgormrith solutions of the new borane
bibeacampletasadfyity prieasreinveatign exdertvadods-coheitiend. For example, Fig-

Gr%@cletBqu{o\APtﬂé r&s%ﬂs Bﬁsﬂmﬁ@éﬁ@&omﬁogﬁ kfigiek 3€0.88M solutions of

| ut
R R oA e ro(tereﬁ Ay ﬁereeg@”tpﬁ?ﬂﬁures
Geanmieritior Oy’ e) wih abWithdé adeigen of 0naberobydRlenbh¢ inpregse in

B eHge s [sGRsrel préfoLmesd wnbrbmmhmgmed@mpeﬁmurbm bYddition of

g&g&%%rahgs o8, FRfeb coTBLels B A5 cBa Rl R 11 solo-
F“@IS/ CEP?W}‘%E@W!EG”#‘YE B a8 i etiahycsofprangyd borane-
RtaBydraflirgn inReteahydrofuralB abbRbiepetempesatapivdthsdnddvig®ut Addition of

E&ﬂurﬂ?@fcay&lhﬁé g?%rﬁ Eﬁlgﬁat%quaﬁ tfxénse:e@ tlzﬁltn%sb@rﬁﬁe Simethyltetra-
Aot Re-pele et Bioran w&ymg@ts?%@eﬂm the com-

aercirlly avaidbie bczrran@vtei@@mdroftsarrh@n@ém imetetrathysirfutainf e
st udi es have been perfornmed with solutions of the new

PRE ASne SNGIe, GPTBL KB Lol RITGR e QURRLARCHOSEces

ous “con
qut@r.aégr@p[egt *@fnpﬁﬁéq"? Wyithfgerads Ofo%t@éﬁi) S idé)h &€ idguE’ 6of
0. 88M sol utions of borane-2-nethyltetrahyd rofu ran

Eﬂ/ t@%é‘Ml heehé mﬁ%h%facfbré\"esdfhfef refe%gepﬁlrt r(lgﬂa@aegrada-

tron o
H}‘% %féhe "r% PW@P@H&% CPRPEECS P S@éeS?PB'BY?WtW h@é been
stodied M@ﬂman@cﬂ Seaning calerimatyy {PSC) anpennapanee with e daga for the
éﬁﬁmbrdiﬁllf/%ﬁ/alIa%@bdtghélwhﬁhyﬁbfu% cdThiSlE B tBtrSHRIRSHIRE. The results

pposition studies of 1 Msolu- tions
04‘1 (Snrrjrééle Q%T?lﬁ;é‘/lqt etrahydrofuran in 2-nethyltetrahyd

rofu ran and borane- tetrahydrofuran in
Table dhFdergf tsleasedttr differieanborbedrpeihativese Wi t h and
WI t hout addi t| on of sodi um bor ohydr| de. Fromthis

o ann har ana ha nt

uaLa I L L:all UC accn Lllal

hydr of ur gﬁ’”tpé’HB ex in 2- netlﬁvg‘%‘ggﬁl‘éﬁ@&ﬁgkml i GAT‘T)(J/Q)

slightl BHmaﬂ'HFs{ﬂMbl e than| the com13ercially aval | aBb@

B@gaﬁﬁrﬁ@w R GLCRENT ﬁéquP”p' eX T {f T anydrofjuran.” 35g
st abl ed-lé'@:o %‘g\@s teg at amdent te perat ure S

V\Ath%lsr—eﬁl\éemF dhsaM) 1 %per day, e Figure|6. 20

Om ng W,g,@bgg,,\nl,\ggm_gnergy content of*%oranes, |the /1

CIlITI I ||a| ucgl aua lI UTll Uf SUIIc Uf thc
new %Pa:%\ﬁ%qlﬂe d%%l exes of the qgresent invention_g44
has bewith 0D08W ldBHpy Di fflerential Scanning Cdl orinmetry

(DSC)BH;Ldzm@mpar(egM)\nth the data fprs the conmerci ahby

avait gpmrs ya et ahydrof oramcygptex—n
tetra ﬂr%lyl :l- T1$ results &é -229
Bl—fg 2EMTHF (0.37M) 158 -11

* MeTHF = 2-methyltetrahydrofuran, EMTHF = 2-(ethoxymethyl)-tetrahydrofuran
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25 are summarized in Table 1: Table 1: Energy rel ease
for different borane derivatives Conpound*

wonasnedeesrper ature (C) OH (J/g) BH3 - THE (1 MT/EB207/056171

-250 BH3 - THE (1 M with 0.805M NaBH4 130 -255 BH3 -
F. (0.94 39 -75 - 2MeTHE (0. 140 -7
iﬁ’%ﬁé& %a%mr%%%“ “@ﬁ%"?”(g%?#a(sﬁ?'ﬁﬁﬁﬁ‘p Eﬂ’ggl\a@irﬁﬁ‘p r@\ﬁetc# 4 de-
0re@e//NN.LTMeHiECBrBOosItigNVeduPinglis 81¢) ethers:leavege oBH8 etheral ring of the
edepitking Ag&V) Fdrl?at%prc&?rﬂate@'ﬁ/l sol gliMEHF tHeOhe Bdrah&d-mdthyletra-
= - I, , =
ggétﬁaaonxéén"ﬁ%%e.eﬁé@';%@é%’%#d?%ﬁh%%'ra@6%%89@%46”3-
PirEre 0i/NesBa PeW caMPRENDEBSIoRESAN | SafAbN A4V apEade over the standard
canchecia tettahydrofieah esmplep betduseaf trenfpwerdezootpoditioleenergy re-
93%@@&. / F'&tﬂerfn?cl?ﬁ, &RR ﬁ]’é”gé%'ei?dng ré??&ééﬁ E B%idh%lr bt &rirature for
fs%%g%q@%?-%qﬁkﬂ%&gﬁﬁ%&a%g ctgfnepd%gr? :}pémgtm/l?e%aﬁgc?rg%u'ran con-
Isdninghe i eerchnirationrad lithiwpd berfobydtideconpl ex t he ener gy
release is |l ess than one third of that for
r - s [ yi t
AR LRk 8 08 et 8 o o SolPsqoloalf HoBRERoHBR o
B Fa GAMRlet inghrainyteiraimaodHpn koD edaudianingigs to observe
benwerencke ofthprosdl evants e thgymalevehis asee sedrunan digrtime period.
even |l ess energy is released at a higher onset

enperature for he sanpl e of .
568 Bivsentianion fusheE RORBE 8 Beiheb AliSie g new borane ether com-
plexest foy brgenicabyaioo$.urrermetbnad comprsasghestepwf contacting a borane
EMBECSHhIaL beda QlibdtididlinimcaetNdseidnd pkdvoMing Feidsespabs
run (0) . .

e ctBiasehll @ortfie Mo foduidh L Sel Prdflbly, tne reaction vessel
QTHBIN NG|t PPraRg §tSF cerapenens Bie substraigdveqHiprfcekith @back-
plessure eegutatotdndcemaimtadbied dter prassuey gretater tim dgpesxirabtely atmos-

t t i i i N : t
Eg@gﬂ@ﬁ%‘? d\?c?ﬁ @rré?&%ly, fNeSrédslRs B th%%n%éof al?a;ﬁﬁfe%rﬁét\%@

I des  a, nethod, of I.n
e BraneronbaievEioD0 adeF BIEnST AR AoseIBr HisssrerEven more
peefdvally dbenprassers is Inethe rangead§ approxiawtely GOa nibar tmapproximately
25(embsOMEh thaANstndsphdtEiprédsird. Tha ddeavthiey pré@as€ by pRienting
Qéc%%g%tf Hﬂgra%gqro?r‘?'ﬁ%qgacq;on vessel include a more efficient use of borane,

thereby eliminating the need to use excess borane and less formation of by-products
during reaction.

In the presence of a suitable substrate, the new borane ether complexes of the present
invention react readily and preferentially with the desired compound. Under these con-
ditions thermal decomposition and ring opening reactions are negligible generating only
insignificant amounts of by-products.

Organic reactions, for which the new borane ether complexes can be employed ac-
cording to the invention, include especially the reduction of functional groups and hy-
droboration reactions with alkenes and alkynes. Furthermore, suitable substrates to be
used in reduction reactions with the new borane ether complexes include organic com-
pounds with aldehyde, ketone, lactone, epoxide, ester, amide, oxime, imine, carboxylic
acid and nitrile groups. Advantageously, the new borane ether complexes can be used
for enantioselective reductions of prochiral ketones and prochiral imines in the pres-
ence of chiral oxazaborolidine catalysts like MeCBS (a methyl-substituted chiral
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evol ved gaseous di borane fromthe reaction vessel.
Preferably, the reaction vessel containing the borane

webenowospl ex and the substrate is equi pped WCTER2007/056171

back 20 pressure regulator and maintained at a

res reater tha t no

B ebiofift BRe AP Bl B hEsraadlh dof ol En ot al. Angew.
Ehﬁ@el%fECh,pfﬁnd%Gra@& (19880. nbar to approxi mately 7000

nmbar hi gher than atnospheric pressure. Even nore

RE%‘FIT%%@'QJ %!dl.fctt Brg Ughﬁ%ﬁﬁgl %xéf‘abothEP.% cta?aﬂ%?s |g ga&xcr:r%llent tool for the

InRsis @frﬁgﬁo'ﬁ%ﬁlﬁﬁ@ﬁ & W%gw'ememﬁéxwé%ta@% of Fine Chemi-
ml@wd&dlsbﬁtommsmﬂl Rgigaante &G gRds. pWitkyb&rSone, Lftd.o Metviork

Q@@f Hfg e\ﬁﬁr?t%%lelebﬂfel Bbqgn@reg%t%n%f bFSchRRtketHRs Qfatalgzed by chiral

B%ﬂza‘ﬁ%rome EUBES s e R DM TR en R g Transiton

meted catelyzed hydrpgenatien espsdons, bacausetoh Bleemiditpaciien eonditipes, high
BeAMtiBesIactRitE thedicta it ey gHofielbi eThRIreg@tibn is3ghly efficient and

é&%’rg%ﬂ é‘ﬂg Si ﬁ;gﬁ]& ttr(ljérgf%gé }SXNe?I ns% |tQ& ?of aq{ |ﬁ§Lt] %tf”_llél s}éttlﬁht é]e\}elpaq

eerehpedding spmasKNdsingye QB% p@ﬁf méi@@;@qadﬁgp sf @harmaceutlcal com-
pegldsgPtentsgpenartat snghesis ynd ussofgiakamaciidirenmataysts,of. g.

Bkérzpé&déé‘é gjrs 5349@“1‘776 Us?ggzﬁh @Z§ e?r% @E)zyé?s@hué%g;dgg*{& ‘ g

Bg qaﬁ@ ﬁ#@}ﬂﬁ%ﬁp %%%ude especially the reduction of

functional groups and hy- droboration reactions with

ah& og(fé%%e%ﬂé‘r‘e@ddﬁ}fﬁl&& thd tedUBRINENSEs frot 4 efelie trandisdn AdteSvhere
Sza%?&ﬁi Herhd]c?sdtﬂrgtl(é%ﬂe vFaaCCoolré?HaStlths 'Ehe Iga%v @S%Y B% AEwhile

&&Wt?e's hRiskip REOXIMiBCRYHE a”lérﬂﬁﬁf tﬂ% Ca@gfﬁbﬁenﬁfﬁ”ﬂé 10 mole% of
oxdzaborolithe catalystds besdyhlong wile adosaned soutdel dueh g boEse-tetra-

ﬁ@d@ma’i‘g B4Rk NimERGIs SYoRHR-ELNGENR rﬁ&@%sc’fl*ﬂe @tone is
e e e e i

bmnalandkatpabm bleicaiatyst iseetled gffstctive fok epmms ghantioselectivity.

BB dil fastRSdtfebtin Zﬁﬁe%hbﬁtﬂiseréﬁl\z QB MUABE Gatalysed ketone reductions
BT PO 2o 4 OB 0BT 588 il resonce o

lél’\w borqtyydrige apsh[he s@{plllzegryl cowmgb&icgarcq_-gagrgmdrofuran has been
Mmttra detrirechtal tb tie ersdntigsadédtivay ofoxazalliwolalinedéatglyzed reduc-

ol ﬁi&ac‘lly e‘?\%o@?&ﬁ?bér@ﬁhﬂd@@tabﬁ@éd bb%neﬁeﬁgﬁmbﬁ cBhplex is

secon ar neric ex

E%%k'a Vel iz eeieon o SERTRBENS, AieBBResgiectiviy of 85-
PMee |Pgb@m@dtln thg, red@cﬁde Borohydrige is &cSunstjtivegn-seldstive catalyst
f@kktoﬁ@@@d&tuorﬂ@owm | 9&fhiec R \e chemaB8c./rRGA tTraHy. 2f(1997),

E‘?&? Eﬁ%st u%to%g$ ?ﬂ/aﬁ@ﬁ 8# t?(ué %ngBX'I t%otpé()ﬁy%h %%ﬁéﬁ%%{d% éogrllrf)g)%nd is

??S@ﬁﬁi’“tf?rdﬂgh wwﬁlps%fftmtwéan H?‘ﬂg Qewattet@hyﬂgﬁw@no%ntrary to the

Weﬂmfs’.\ﬂatoé atdheo-wotkarg @a@bsamrin telRt 8,685 , wehayle fdlihd that the
Qttudeoéf?'tkﬁt% ip%H drl $%ﬁmkér ih ﬁor%ﬁg Th%zh’étgﬂrﬁ\g?rofuran solu-

I clLent an

e UC On
E?WFO@S“P hevEr fegmimgn {%ﬁf?e%ameuertaa G5pIeR et he,prazhboroldine
s&ltlyzemketSey dattiono farzexksorids, des thegesylisumdsblrd).Ofmarse,

HEREgAUR rbHBts$2 BettP olothinBh itABRBHENHBOMERBS the catalyst, i.e. (R)-
MeCBS and (S)-MeCBS.

The reduction using borane-2-methyltetrahydrofuran containing lithium borohydride is
also faster compared to borane-2-methyltetrahydrofuran without borohydride. Exam-
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pounds. Patents cover the synthesis and use of
oxazaborolidine catalysts, e. g. US 4,943,635, US

wo20800067%, US 5, 264, 574, US 5, 264, 585, US 5, S5SBCT/EEBN7/056171

15 US 6, 005,133 and US 6, 037,f05. The precise

st ereocontrol .of, the, re i 0 rises froma cycji

S DEPE Dt foBlauféy dgtg B °T7 R bedadiandne mharahs el Tiapowe

kenpate refluctioooWbien dtd reaction using hasgies2-ardtillietralaydsefuran without
M&ﬁiuhﬁborbﬁ'ﬁinﬂ@ W& lbwed &) liriidt daamshan20ymibtet e atfie IketodE addi-

glf tf?eaFe%Lé(ﬂso% re%‘jpe%rc%lnl et%P Jagd %ﬁ!’:\ﬁtl{%g ecl‘?\ﬁty%v)%%ze@(gﬁre% eQSmpIe

6%r%ﬁ%eqsmtae katpae e Wlmsérpah%hawﬁé@ RY mintegialspgave an ex-
ballcanenatitiesdigdtiaity ini the acatophietoas redlictork ekamplei 131
usually added slowy to the m xture of catal yst and

or ane., . Simu ddi ti on of ora nd ketone t.
B PRI Yo b S IR o hurs ug sl i DPryyadd Stabifized
b@raneﬁei@élh/ér@furan i 8y redusiogéxgaht, higberrantiomere exngsseseare observed
RNaaldtions Wwar the/mdvy b@%n%%c@rﬂbl@ké@ﬁdhé‘ pEcRBAt |nvent|on Even the

bR QST b hy b BE AR b 0 LUt 8Os R St eciiviy o
BsrkstRne P ectian wthdne balBne ABsthy @b HSFBILEFspomplex and MeCBS,
bxarapie-16et r ahydr of uran has been shown to be
detrinental to the enantioselectivity of
ixlgz%bor ol i dine catal yzed reduc- tions. Typically when

B¥F &m bor ohydri de stabilized borane-tetrahydrofuran
conplex is used in the MeCBS catal yzed reduction of

aggheplRenpne, an enantiosel ectivity ph, KetcitheBBie €€ PSee of
obt Q| ﬁed n Berene-gduethyitrirahpdiohgmr i de i s &Q] henethanol
compStitive non-selective cat al yst or rﬁ%‘?'&‘.{‘g phenethano

r edu@t i ongWitoedkéBHs, prep. @ehis .5 R ,| J. Chéf  Soc. 96.0

Per kion Tr apg@hout LB lep. a881852723 ) thus1e 94.4

UBd(.ILII vat \%{h‘ﬂBm”SreEPgéc bg lIyUl e W I.lb AT aci[di (,948

r-nnmmlnd enantioselectivit

wHarcesi n;B@Eﬂn&neﬂt"éwrtw&'h/%(fﬁﬁﬁb'“'Cont rary,to the o,
wpakatiog) Makatonand co-workers disclosed in 15 '

6, 213, 5851 o TTET, gr‘é%"aéé‘?iE T35 presegee of 96.8

||fh|||mh'\rn \/hrlh Zer fal
———H—HR }

bor dfte- 2- vtAQytLiBHaRRR 86ariafXsbl u-| tiond does ngt 937

havelsa dey withlaBal, mép.enk. orEX he enaptios@.Zctivity 0632

I ne é}ﬁ@ errmhwgg gﬁer l&al?tgn%' é’o{iﬁﬁﬂ Ketone reduction. (ror
S, a

see ble 2). O course,
ana @‘615%9 Keiong addi W‘%Y\/té“%é% ol brierefuenciHBg h

enantioners of the catalyst, i.e. (R - MCBS and
P@rtW%veﬂl%nTB&ah@%t%Hy@beMﬁh Bgm lex for use |n oxazaborolldlne cata-

& e-2-nme r of ur an ai ni. um

6?%H &?matélc r% ucg?r%g#%gcg}eg 8?'3516{063 I% aval able in'an unstabi-
b@ﬂafﬁrén Jheeresant swventiopcaiiove fftarprwatrﬁtmntofﬁtﬂbdﬁw Angjgnstabilized
Barane ¥EREHISI RO @ e thiidtiahyofir&1bednidiex tHat parese Bsanwlith excel-

%ﬁg Fé%PﬁsafoSg%%&g@ idifle ca%g/tze/a Q&eﬁt@?{ﬁ‘é ?@&%%8{ Kefidhes and imines.

reacti on usi ng borane- 2 nmet hyi t et r ahydr of uran w t hout
Ekarhplasn bor ohydri de was all owed to stir for additional
20 m nut es after t he ketone addi- tion, the reduction

iﬁ%gﬂg‘g\ﬁ‘%% t?ﬁolgjs?rate t n%rnetsler?tslr?\llee E)I!] \v/vllthgut\i@mtatlon of the same.
Borane concentratlons were measured by titration of the borane with acid according
the method described by Brown, H.C.; Kramer, G.W.; Levy, A.B.; Midland, M.M. in Or-
ganic Synthesis via Boranes, John Wiley and Sons, Inc., New York 1973, pp 241-244.
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5 13. Decreasing the ketone addition tinme from2 hours
to 30 mnutes al so gave an ex- cellent

wepashowsei ectivity in the acet ophenone reduct POTEP2007/056171

exanpl e 14. Conpared to the sfqandard literature
odi um bor oh

SN G e P

enanti oneri c excesses are observed 10 in reductions
WididsstrBgctoranmasUrgaewrh H%g@@ﬁl’ﬁ’dﬂ eprRge®ith D22 plgasienthethyltetra-
B P fReEPor BEoRLER E i, Bhicte ol HEVBOLORAE: ;)asdga thc. The

pack-wesHie rq@&ﬁg@tq the RRERT WA set at 4400 mbar. Diborane 8 g) was bub-
bled dnte i1 mattby over tar dhwithutef periad of tmpl Exe eadtoMeGhsrature reached

%’g?agiﬁh_&njo?4 548 ahahl H:‘eaa r@éﬁ%fel 4%?) At ARSI ScRf Rie dibo-
e RS aRgRe DRt bpAiowes Bt Gethioft, THg BN spectrum
A AL Brapm (56580 (Bc'H) =01 0BHz) pssignehtoshe product
whd B sbtdptdsigrl 805 =a8Gppnt @ %Xsindiel) aSdgried td2 K Q@mpurity. The
@é)rl;s p%ft e S}_?E;[IW'I w&%g)t q?@b?te%_zsgg%d tﬁe QOerg %ogcentratrt&n 0. %8 M.

parat i pr eép. acc
0 * 96.8 14 without LiBH4, prep. acc. to Ex. 7 0 **
PBe Zolutldn wag thehalBiidbd iptoewo hah‘/es The doe. half db tH&* sdBioR wds stabi-

E?%‘g‘dﬁﬁ*% 0y Gty a&‘ﬁf bl 07né Soi8fy AL red for
TS B ORT 7 e ARk issghiandondRs sRblirat ARCAs abilzed haives

werepthen spliinta dwo equad Rartiabefop statilibestedienat logmgemperature and 0-

gqy(ﬂmppgupesmedgctl on of ketones was not commercially
avail abl'e in an unstabi- Iized form The present

invention allows for preparation of stabilized and
EraelBid Syaihesip et ketane epruplpy As2-awtistrahydrofuran
2-nmet hyi t et rahydr of uran conpl ex that can be used with

RS reéc%\lwéseﬁhl%ééwftﬁpltr‘agéﬁ QP&Er%rgé*d {fh 9§(§ gloy % §fbthyltetra-

I on O
Rlliiiet (MRS L6 SnrsigvELartbh SanPr didng dissel e cooled 0 0°C.
pheback-pressuse régutaton af teateationivea seloat 4400 nbar.iberane (10 g) was

BOSHARELInGORE eodt@tdvens 3WeisutBaRdd tinky. ThietradtbraBm@érature

Le%%ggoo L %@(ﬁ% Iaf Q%L’g aﬁ& %ée%\? 'Bgtiscégret &el YEBHB%? cﬁjo%ﬁﬁ'rq 'bgr%ﬂydrlde
43 9) ‘Ma@dde&a*ﬁﬂfle WtoﬂeEh%”&W@@Paﬁ@gn shrel ypvariet at o =
anelpgoanss %,Ny1"B, Npw 106rHz) 119f3te gpp =218Lpad 44.5\) singlet) and a trace

60058 $R 2678 BEHRPAHE GeRaB f the solution was 0.848 g/ml at 22°C. The

borane concentration was 0.94M.
Example 3: Synthesis of borane complex of 2,5-dimethyltetrahydrofuran

Diborane (0.2 g, 14 mmol of BH3) was added to a sample of 2,5-dimethyltetrahydro-
furan (4.9 g, 5.9 ml) in a flask in an ice bath. The "B NMR spectrum of the mixture
clearly showed the borane complex of 2,5-dimethyltetrahydrofuran (62%) atd = -1.5
ppm (q, 'J("'B,"H) = 104 Hz) and also dissolved diborane (24%) as a multiplet at & =
17.9 ppm ("J("'B,"H) = 120, 60 Hz). The amount of dialkoxyborane initially formed was
about 14% (d = 28 ppm, d, 'J("'B,'"H) = 104 Hz). The excess diborane was not purged
and the sample was kept at 0°C. Monitoring the sample over 6 days at 0°C showed
relatively little change with the complexed borane maintaining at about 60% by "'B
NMR. The sample was then left at ambient temperature to monitor ether ring-opening,
see Figure 6.
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11 Exanple 1: Synthesis of borane conpl ex of
2-nmet hyl tetrahydrofuran A gl ass reactor was purged

wowdaos/omic’s ogen and charged with 422.6 g of PCT/EP2007/056171

2-methyltetra- hydrofuran (digtilled from potassium.
The content of the vessel was cooled to OC. The 5

back-pressure regul ator of the reactor was set at 4400
Fiyample Bi: Gynthasis pBberanevagMblak ob?-€ethpxymethyeteiraaysirefpran
over a 40 mnute period of tinme. The reactor

bESREIete 4. 068 SeBalbulD fo.fy 3 2 B GBERE,
%ﬂ'ﬁ@y(ﬁﬂfﬂ‘ﬁﬂ HP°Ct hige 1'BAWY ﬁpg%tfllﬂ‘ PB‘i*?e\N%P:%tU@ ‘F'%‘Wb’cﬁhpwed the bo-
eeniercompxif @HethoXireeth) MviRhggretiranat 5 s H9e gpa (HrearteetJ(11B, H)

algsly= 71 %é%upaﬂ% éu%éo(eed dborBndths 3 nJrLQ@plé@t 5255 gnekh (ﬁRﬂB 1H) =

L0 gBl105 45k B AL g o St g ek B R Fas-
sinethto @@Jk@tybownaa@a@dsnghgﬁmct@d infcatiomcandiiee Baoanteof dibo-
FMRCRIAEH ahé @6ndend8tidW of bbRheSEIMPIdx06T 20@shdx i Bthei) Yétek@ftdrofuran

s, o Y hc%n)é&*?tﬁ@@éﬁﬁ? |gé3c10@b8rf né 0l o 1HAN Al Ronal 2-
&ihwg'emyéﬂﬂtraftmw%@nlﬁi@%ﬁﬁ")m @9?? fREPrPRIeX s dissolyg diborane.
iThe O'BAdVIRfspecttume ofNhiBHixtuce tove slodwel 7B6%Iof bbmne-2-(ethoxymethyl)-

ghalydrbArth 150%LBR 'd|a'llé>§?bcn ﬁd or’ﬂ?ﬁ@%tcﬂ%lv%eldlﬁorane

tot e rtions fo s.at roo
TR e Erpon sebgEns 2 @ Biﬁﬁf%%tw') Ry TR B e was
aymohmlteiyaﬁMbrane conpl ex of 2-nmet hyltetrahydrofuran
20 A glass reactor was purged with nitrogen and

F%?I?%%ﬁtﬂeég’gf@or%e 80 %Qgh.%%et /It {?Xﬂfd??fﬂruo\he vessel

used as recerve FEnt 0
was cooled to OC. The back-pressure regul ator of the
Aeaadtor wam;m rged walh ndr69én ebdcharGedaitianes § b2 g)etimgtetrahydrofuran

E‘éWH claﬂ% 90##56 C'ﬁfea;%o?%eﬁié O\gtgézlegé € cB@Iég @9l 19f°C The
- g v Sispel Obwai%tcﬁt#‘éﬁﬁ Ve HibRrshE B & was
bdﬁemydlne actof ovw 2H Minate pefibelcbftimet hiee sesictor tempergtiee reached

a FhaNiYit 5 R 810P O13Ng RGeRE presBURY dfeX008mbar. wpmloo@nmétréh(o%we dibo-
ré?ne a]d% l? '_iq \gas &%’t%mﬁlﬁéd tr?:\? R&I@gf—g’ bo?arBa ﬁla% t%%ﬂ]a(déeé .Ibrgorane titration

Y&t 1/4%‘(' Threregelon solgiPrvgilvtes!, witsadglitianakg- ”Leﬂa"tefrﬁé'drofuran
mﬁﬂanw}tcnlﬁm@ethé tatdeatrati@asddvrObMM 36d Elcavaal te s8r overnight. The B

§W %I%%'t dl@&té@ﬁ%g?&?gbﬁé%n%\ ion of 2. 1°§) The solutlon was then divided

\(&isf;lta%talré% %/I was gtaﬁ%zeg \eﬁ?h ﬁgﬁ (90579% The L| 4 slowly dis-
QQI'&dManétarsymallexeathrseen BuUd an2f4po fgr B81:d.i*rih Yha RBAMR spec-
frimsBothnhé@BtabififedP@idunstamize8 hbiVEs SRALIEH BpRfintb Mo equal portions

E
? é&@ﬁ.ﬁﬁtﬁé F'%: gf {j{% gg%ﬂ?%ﬁ aE@QO r?&? B&@rgp/iitﬂ aﬂées ?nd dip
tupes.gha) 1B ruah%homeg@ gHasiebph T - UP Bema(ﬁké étﬂw 106 Hz).
@Ase demyitly tof tbieeﬂeaitcobrless solut®npyas (.84 §/Bil B 22°C1 ZAe cHfzentration
wég 0.o6fe anount of di al koxyborane initially fornmed was
about 14% (b = 28 ppm d, '"J("B'H = 104 Hz). The
excess di borane was not purged
Example 6: Synthesis of borane complex of 2-methyltetrahydrofuran

A glass reactor was purged with nitrogen and charged with 430 g of 2-methyltetra-

hydro-furan (Penn Specialty Lot #2-5613). The contents of the vessel were cooled to -
3°C. The back-pressure regulator of the reactor was set at 4400 mbar. Diborane (10 g)
was bubbled into the reactor over a 60 minute period of time. The reactor temperature
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and the sanple was kept at OC. Monitoring the sanple
over 6 days at OC showed 40 relatively little change

W(\)vizdoh/oodzs conpl exed borane nai ntai ni ng at aboupCHaPADY056171

B NVR. The sanple was then {xft at anbient

ature to Lior ether ring-openi S Fi qure..
t6athe BnbRTHD T BT b den il 180¢nan Upop cBHipfeton of

Q@rﬁlmgn%adﬁltlmﬂa\m@ dstarpined yf''B NMR that 5.5% of a borate impurity
&ag?gtdg@wnet hyl)-tetrahydrofuran D borane (1.3 g, 94

BH3) was added to 100 m of 2- (et hoxynmethyl) 5
tetrahydrofuran at 0OC spectrum of the
FrTelied: Syaihesiy OfslPRfWé‘%jCQrﬁ%'eb@f 2?‘1%"1@'@6%‘?)1 sofurgh
2- (et hoxynet hyl )-tetrahydrofuran at b = -0.96 ppm

f\ 22896 Sbtor Wis Bir P’gd with ﬂ@roggm alza-c/ﬁar & with 593 g'o$§91l1é‘[ﬁ\ﬂtetra-

501 a0 (e AN BT T Eh@ﬁ%n orfE O} fhe Vbesey ykrepepoled o -
33 TRelacleplepsuldzreg@etpr akthe s¢apterdvascsed pd 400 ybar Rierane (10 g)

R®as el 8Nhd headspeed bfcthe rdHchE oaérd HB0 Aslitd E@rlcﬁf@ulﬁte The reactor

fgnfpgﬁrgtgrerrgg% ﬁ]ng%ulﬂfRic Qg“&’%neir{oa%]héé% 059' S:QJ% 3p5006) % r Upon
FerePletRLeihe 4 @ﬁ‘e(ﬂddﬂpgéb‘lvﬁ%@etéfrwa?‘éh)é1155“”‘&86@@" 5% of a borate
DnplzivM wéglphieserttn@he @ens{te tae xyamst eyl gt Ot8drgiiny dheotoraae concentra-
{,ﬁp\gambmms added to conpl ex the dissol ved di borane.

B NVR spectrum of the m xture now showed 79. 6% of
bor ane- 2- (et hoxynet hyl )- tetrahydrofuran conplex, 6.1
Bixanple o kly Brobaragom nti1-oplepe Withdodiapeaionetixdif Bemneathgltetrbydrofuran
Therefore the concentration of

RBE&B‘F. o%b@%{rm@%é%@%&ﬁfb) ikl e%%é%rgw{m@ %Bpijﬁégaﬁ‘(ﬁ‘?ed) with 1-

proxi ma

@@ﬁﬁ‘? E3 af11; mﬁtohwii @pleaﬁwptﬁthta@ Weﬂnrt@&@'ﬁ%?t gpakient tem-
pemaged showdd 100% ogerersiord oithaaged2-wiethyltd@ahygirafliran to products

g%&%winhfe%r Fgaetf ot s M%léﬁﬁglgﬁ%%nég@g‘ﬁﬂ%ﬁ% atd=

L@S Fg vessel Was COO to -
R MREOFAUBF of the reactor was set at 4400

nbar. Diborane (16 g) was added to the reactor over a

Eﬁarﬁﬁl@gge 1REAbREmEtric rédRtiond\6F dceRphéfiordeenper at ur e
reac a maxi mum of 8.9C and a head pressure of 2000

nbar. Upon conpl etion of the dibo 25 rane addition, it
g fljewvimgmetber wRatsekivethe wmm%%reﬁaalwé@ﬁa%ﬁia@wnone results
ber shoantin Takit |2oAcetsbmme vadBidded be syraetpaimps(@l raitin A ml of

ﬁiwiméeq 7Whh8) @ 'Zt l’l(ﬁﬁ% gs&ﬁﬁd?ycgt@trﬁrﬁglyﬁrtﬁé f‘é‘sﬁ&t VF %g%ne

QY SRl i M FRG 0w Snualite bl tors a5 s mr

MefsBSan ct@nefantrfaomcbemmraqu Alter Stirgng &dr dOinoin. fakiewving éhe ketone

dhtiictetic! (o1 d wilagesd tol n@ﬁ%é"'l@lafztldf@$h§bﬁéhéthaﬁﬁfﬂand any
Wr"nrggctga % P&Qe g3‘)ere g&?aclré% 56 F@%Xrﬂ)ﬁr@s &eté@%ﬁ% The or-

ganie fayer ‘Ba?\WRSWé/&'Ih ?qi'ﬂfﬁ\tedg@lf?nﬁf?@t%@tﬁg iNaiH&&Y seftiions, then
dinsd @lair INaz®d.. [tHirdeSCwmblysissaowsg bida % ricetopmencag i remaining)

f I '
SRS R SfrShaBl L Rt cpppr el
NMR spectr um showed a quartet at 6 = -1.5 ppm

Exargples Hp and 166A$ymmetric reductions of acetophenone with longer hold time

Acetophenone was added by syringe pump (2 mlin 17 ml of THF, i.e. 17 mmol) over 2
hours to a solution of 10 mmol of the respective borane complex (e.g. 11.4 ml of a
0.88M solution) and 5 mol% (relative to the acetophenone) (R)-MeCBS in toluene at
room temperature. After stirring for 30 min. following the ketone addition, HCI (1M, 10



The density of the clear colorless solution was 0.842
g/m at 22C. The concentration 35 was 0.96M Exanpl e

Wo200890ichesi s of borane conpl ex of PCT/EP2007/056171
2-met hyl tetrahydrofuran A gl ags reactor was purged

wi.t h ni en th 430 th

1 RS Bt Faifih dhepnéatndsd 5ad 37 bbat &t wCetopne-
noM weteexgacter avith2d9all anfgdreus disthatiether. -Thg @rgantielayer was washed
Ak katdrRsS KCEarkEgliRtRr NAHCOhSoliRme! BEN WASd 5@3r NeLS4 (hiral

Etelaéna QBLSOS% o8 a('éao%ggce d)%? c%H‘é n@'r&%gfnfﬁfy@aﬁ@%ho%@%) [5henethano|

eri o

t%ﬁ%@hﬁ@ﬂh@'%e?dp@@}%@%?s PCT/ EP2007/ 056171 13
reached a maxi mum of -0.8C and a head pressure of 1800
nbar. Upon conpletion of the diborane addition, it
was determ ned by "B NMR that 5.5% of a borate
impurity was present. 5 Exanple 7: Synthesis of
borane conpl ex of 2-nethyltetrahydrofuran A gl ass
reactor was purged with nitrogen and charged with 423
g of 2-nethyltetra- hydro-furan (Penn Specialty Lot
#2-5613). The contents of the vessel were cooled to -
3C. The back-pressure regul ator of the reactor was set
at 4400 nbar. Diborane (10 g) 10 was fed to the
headspace of the reactor over a 60 m nute period of
time. The reactor tenperature reached a naxi num of
-0.5C and a head pressure of 2000 nbar. Upon

conpl etion of the diborane addition, it was determ ned
by "B NVR that 5% of a borate inpurity was present.
The density was neasured at 0.844 g/nm. The borane
concentra- tion was 1.3M 15 Exanple 8: Hydroboration
of 1-octene with borane conpl ex of

2-nmet hyl tetrahydrofuran Reaction of borane conpl ex of
2-met hyl tetrahydrofuran (4 nmol, unstabilized) with 1-
octene (1.3 g,11.6 mmol, 1:3 nole ratio of BH3 to

al kene) in toluene at anbient tem 20 perature showed
100% conversi on of borane - 2-nethyltetrahydrofuran to
products after 30 m nutes. The reaction was
exotherm c. Trial kyl borane (99% was seen at b = 89
ppmin the "B NVR spectrum Exanples 9 - 12:
Asymretric reductions of acetophenone 25 The
foll owi ng nmethod was used for the asynmetric

reducti ons of acetophenone, results are shown in
Tabl e 2. Acetophenone was added by syringe punp (2 m
in 17 M of THF, i.e. 17 mol) over 2 hours to a
solution of 10 mml of the respective borane conplex
(e.g. 10 M of a 1 Msolution) and 5 nol% (relative to
t he acet ophenone) (R) 30 MeCBS in toluene at room
tenperature. After stirring for 10 mn. follow ng the
ket one
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addition, HC (1 M 10 m) was added to quench the

reacti on. The phenet hanol and any unreacted
wacesopisenone were extracted with 20 m  anhydr BCEEP2007/056171

di et hyl ether. The or gani ¢ 1;ayer was washed with

BRarbR T oA a: S S rrgaedtash ol i tagger hoid

twet ophenone (if remaining) 35 and rati o of
(R) - phenet hanol to (S)-phenethanol, reported as %e in

Ké&g@h%ﬂone %@%{i%& P%%gﬂ‘[b%ﬁ)]u?nd) @Srmmwrﬁl%f ﬁ'ﬁfju% 19r}§m8lg over
awwtw@ww@ QURpe! gtithe bprane pemplex #ﬁr-m It & 1:3}psolution)
ama b mad¥drel@ivé @o theurcetdpheaors) ((RY:-MeGBESfin idduematdt radm tdmeperature.
Aﬁérpﬁr?ﬁd ViBr @HB@@%%W%J ¥ kéf%ne adéh%or‘?f M1 (9, ??] ) #&Mdded to
sol u cet 0 )
fieick AINETHE MR ot e B Spk fEPed SEoIORe B tere ox-
tracted Wit 20 onl 2@Dydrpus dittilyl ettvbmdhe loegakist layas wagdvashed with satu-
Htdd K& dd durda208C O0KIHNECRE FORED SVI P13 D, rfrantl analy-

LRS- A8 L0, AUERBILNE (f RAGKNRD B8 BERETRRGha RIS, o)

rac
BW%H%(SQPJ?H&‘?Iz)et her . The organi c |l ayer was washed
with saturated KClI and saturated NaHCOB sol uti ons,

ER&Ap @ngeﬂe&y ibn Bf ic ddit fvih borgg;e Dé§ '0}525h°Wed

t enone (If remainin rati o of
f"ﬁ&y ng'ﬁé‘f‘ 5 to (S)-phenet hanol (see Table 2).
WO 2008/ 000678 PCT/ EP2007/ 056171 15 Exanple 14:
lP@XZﬂT@QD Mirfolf 6bEHzbieRBidah 486 TORBRNRARN fRRIramdeid 4d2H over 1

K‘ﬁ?&r Rid 200 erh?i% i of'E i@F%I&I%B%@%EF YRR TR Aol at 0°C.

5 t%'t)th%aﬁ@'f'@éwf% C@mﬁlﬁF%Wdotﬁeé‘f/drPGe'i‘rﬁﬂP'UW‘ hadecegapdriee m'Xture
wasplaexed ¥ room tembeture 3Mtes glitting dor)2 haunsl 2 onlrob Iviter were added
%@cg{rﬁ@méér Rat ggrawa @@?%@@f&f dalr f&é%%%%r 66& NI BIAbN.
ATV YRR CRE R AR a TSRl STRTS Do AP angg water con-
teadtiefdd.8%. quench the reaction. The phenet hanol and any
unreact ed acet ophenone were ex- tracted with 20 m

' [\ T [ h
SR B AR e Y B i e
a@lrl ed over Na2SO4. Chiral GC analy- sis shovved
ar ea % acet ophenone (if remaining) and ratio of

WEQ@W%&?BP& ntzelc(a@d in Eh‘?ﬁ]%tﬂﬁﬂe offﬁﬁ/e cfed%ger 1 hour via a

SIS, 12 mhor 4 Mkaohiof oL B Fanpidk 67 JRAMONE! 81 AL the additon

web ):orobleteearzctihe haidioden avalatian hae-geas e the mixidre dvasfwarened to
W eteAthestuRY AfterlstirdHbr ¥ haurd 25Hr oot viberd 28d8d afd the nixture

Wﬁg 8!<t d%:t(?(ﬁW% 1(%_% oizsa\l}{?r-?qé' a(qge%% N%?égg s% Utlgﬁ; Aqaﬁ{ 5f the or-

HANC ByaLgRYe & }‘1@|drﬁf Qg 9r% of benzyl alcohol and a water content of 1 1.0%.

Example 18: Reduction of propanoic acid with borane complex of 2-
methyltetrahydrofuran
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20 was warnmed to roomtenperature. After stirring for
2 hours 2 ml of water were added and the m xture was

wezdosaateesl Wi th 100 ml of saturated aqueous NaPCQOBP2007/056171

solution. Analysis of the organic |ayer gave a yield

f 97. 1 % of . benzyl. al.coh d er con- tent of
2433, 03568 BB PRATHe FUE T uf Pty Rl Shengrere aded over 1
beur2id @ syirioe toil2h nbhof anl! salitioh @k Bl - 2-MeTahy 0. ®RSrmdlhat &C.
Rtdr2hd hdditie¥was BBhpletf arktehié Bly8rogén BvdliticAthad ceased, the mixture

f d [ rj
DS IBEEL RSO HRE B E IRy Wi ha e llur 2 ff ey é B
e thefrigiure was geERAgbwith 380 Fhef sadipiedasugeies Nged Os solution. The
hyubong ¢édyeewak ekiranedaith ¢@@se df 2-triethyitetkahydeofwas. Aralysglof the

i e i di
g;?‘:aﬁ?‘“&*@%e“??%a%éﬁveaﬁ%"*?ﬁef@?ﬁ%ﬁE PrbereL 4 Bty bntontof
Ofh 100 nl of saturated aqueous Na2CO3 sol uti on.

Anal ysis of the or- ganic |ayer gave a yield of 62.0 %
Bkarhpie 2l (cthgarafle)aREURtIVRbBSroptiCAadid Aith bdradP¥ocomplex of tetra-
E%cﬁgma 18: Reduction of propanoic acid wth borane
conpl'ex of 2- methyltetrahydrofuran WO 2008/ 000678
PCT/ EP2007/ 056171 16 7.41 g (0.1 nol) of propanoic
adnd (0N rhdl) of prapamedihiytit! @t tEmy trahydraforavewereadided ovaret hour via
s r*iH{iZéftonizénﬂo?Xf1iW&ﬁutf oF 8™, el 0323 M\Atgﬁé%'ouéi&ﬁbr%e addition
B e R P02 X5 ol At dC. T APter e addi tion
was C%@H%/Fee?@ '&ﬁé‘ygrﬁgew '@%&%ﬁﬁ%&% WUUTE s agprmed to
tdee temperatere. fder stiingefdr 1 bowrcbml ofemgier wengrasided\iane the mixture

@whb ektrdtlied With 106 eWbf shtiirhtedfaguBd &y NVOI®, saldiel. Theadtfliebhi€layer

RS BT T $00 ARLES i Ret R olnuah, ARG FLER, SGHERHS o
gauC AyesrIaye @atifly ot 63-6 ahgr-erapead . andfargisr conentohdl.4 %.
conbi ned organic |ayers gave a yield of 96.5 % of
- ls) i 0,
e oo A S o o et R o
bl ex of tetra- hydrofuran 7.41 g (0.1 nol) of
propanoic acid in 15 m tetrahydrofuran were added
008'mdl oh R&Nstavdritriledn 39 mhi PAReth9itetrhydiofpan Fefe AMdealovkl PRour via

f - . . t5, 0C it .
1 2 O e 2 LESE B8 A L090 rdPe a
tiorewas gerupletefas Midrieaves Reatesbio rebinpier ahayrs. Aligreepling to 0°C
again 08yl dfonethard wereslowlyaiddedtard afler theaddedjeardolutien had

Baadet 2 mMAs I\/ﬁﬁdrrf’éé%%#ﬂdwdfa etOQuddd %‘q 8 kiaieas refluxed again.

uegus. Na2 sol'uti on. The aqueou ayer S ,
B0 S it o mhgy eras ool e T ST ReiRYch A eiscted with 40 mi
piadtyrsies agieoireNadiihi sobdionr Thegatveous Ryer wagexteactedywit 4D ml of
8ibth{BetheVnAbIySis BF R biRAbrgam@lagErsc2RE enicl®bf 805 4, & hep-
éér Féﬁgq%fghqgo of heptanenitrile with borane
y

ShETRaF Bers

Example 21 (comparative): Reduction of heptanenitrile with borane complex of tetrahy-

etr aﬁc’ydr 0-

drofuran
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furan 0.02 nol of heptanenitrile in 10 m
2-net hyl t et rahydr of uran were added over 1 hour via 25

wa@2@gnomsge to 25 nl of a 1 M solution of BH3 -PRFERIMFS6171

(0.025 nol) at OC. After the gddi- tion was conpl ete

m re was, .heat dto r ef | or
b8 il S beStaem B3R B S e Rarepddhtrdveg f e via a sy-
AioRel®, 25amdof @f thé solutien ofyBiloddtt @WaRSundlpat (hgdAfteretas@cldmgn was
8dm Bibtelth&/ntixtdic0gahadidPfol refuYBF 8 haddeaftertdolintfto°Btagam 0.8 mi

%F{hg%lwﬁ‘g s%glﬁ) éhded’o%r]ioeéﬁe%%ﬁex@&ge% é\}éﬁjtlg}i ﬁgﬁ Bgar\ﬁ%?& ml of

&M hygdrqgentcalerige, M’@Eﬁj% ddqgandgdhe Biniyreoras reflexedagatsy &fter 30 min-
Lty ¢hie mixsurextasaobled tovrddm @bnpdratofe ardi edtriagted etithet0. ml of saturated

ét?l?ég\gé'l\ﬁa @bF ﬁ@tl&ﬂo fFRb %age&fsgaﬂér%als%\kﬁéée& WM 4@ né(i'o%l%thyl ether.
n@la%ls E&tﬁ glbgf%d (0‘5%q.pbcalia&%r§\g@)/e amﬁ#@c{@t{é}ooﬂ l”}cbcial‘rhepi)ylam|ne and a

Wetﬁraﬂ@ﬁnitcrfﬁﬂé)%th borane conpl ex of tetrahy- 35
dr of uran WO 2008/ 000678 PCT/ EP2007/ 056171 17 0.02 nol

BLaBRYA0R0Libh 81 NN Ahdth S SLLAIKI AT biraRs KT8 cpdrsd

Bpt'BﬁBtrahWF@"@O 025 nmol ) at OC. After the addition was
conplete the m xture was heated to reflux for 3 hours.

@tﬁﬁ"of ng écﬂﬂloh%f BH aQ-EMéTI-ﬁ: %{q elovéﬁ’f inute to

t
38 afoR88 o NNty ALt el &roiwam at
ameient benmeeatMI@saM@ﬂlrradw 1agmurs AAfalt eliB@tani 6~ Sunled meltieanol

wewd Yoy Waged afd 8Rnte: OO WRRTRSEaE XitANd0 e lof 38liRfed aque-

%é Na%'.g) n';olLﬁlonSﬁ% 5@%&9 Ir:{y%g\%gg#ﬁ J\%;e%dlﬁ%d%ﬁé‘%%nﬁngpgs of the

aqueo

@'EQH‘@&C 'aYeAﬂaY%léﬂ/@'do‘?f WBrd 7B B AHBLIRZY MRS | ayers gave a

yield of 80.7 %of heptylam ne and a water content of

BQafpi¥o2 N INC& Ryl th |

Ot A, S By o o
el Wdé? zﬂi‘ydrofuran 98 m of a 1 Msolution of BH3 -

2-MeTHF (0.098 nol) were added over 1 mnute to 15

84 nft 8t 8 10Osdflonop BH, OTHHN, ((Nodaa ) Wdrbeaadanbws 1imindQoh .48 g

G DL BH Bl e 410 T RN o o
HES BRGh é‘l‘"e%F &2 8Pl Aftergaelinadad” @hgﬁ“ phaetarelyyese glowly added
alxd theattieemiyitird wiEB@xirbctefl witht100 atl @d satqtated agueeoli RIGEBO; solution.

%Pwaﬂf& layk? ‘\?vag,lrogléa loGer! s@é%grr} é\[g\%ltég ﬁngg/gfr%\bgghve:& é@{ﬂe yer gave a
}S'P g,ggg 10/((9? Eﬁ“ "P] Z%EHE W-am ne. 20 Exanple 23
(conparative): Reductl on of N, N-di net hyl benzam de with
borane conpl ex of tetrahydrofuran
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98 m of a 1 Msolution of BH3- THE (0.098 nol) were
added over 1 mnute to 11.48 g 25 (0.085 nol) of

wo2ddsdooses hyl benzam de in 100 m tetrahydr of ureem/ar2007/056171

anbi ent tenpera- ture and stifged for 12 hours. After

[%%EIlﬂi'ng to 0OC 8 m of nethanol were slowy added and
Sthe mxture was extracted with 100 m of

sat urat ed aqueous Na2CO3 sol ution. The organic |ayer

was Hbiafd ethiee tomprRikedbibe fabrla Anal ysi s of the organic

| ayer gave a yield of 95.1 % of dinethyl benzyl am ne.

30 WD 2008/ 000678 PCT/ EP2007/056171 18 dains: 1.

Bor ane et her conpl exes of t formula 1, R R2 O BH3

R3 R4 51 wherein RL represent independently

from each other hydrogen, |C1Q C4-BHkyl, C3 -

C6-cycl oal kyl or a subsgituent of the formula CH2ORS |,

wherein R5 is C, - C4-al kyl R10 or C3 - ©6- cycl oal kyl ,

or two adjacent substituents RL to R4 together are a

di val ent group selected from the group consisting of

- CH2@hgrein - CH( CH3) CH2-, - CH2CH2CH2- 1

- CH(CH3) CH(CH3) -, - CH(CH2CH3) CH2-, - C(CH3)2C(CH3) 2-,

- CH2 ) AGHR: : ' e, _

-Gt S R R EenfPedshdchiy For sabfoliF Midtbbch. (98 Cocak, o

st r ubeyaoaltyylopasHestiyesy PEingioia CHeORz a&lhergiRR g G éa-alkyl

subsbr Cuessy&dalkg, R4 i s not hydrogen. 20 2. Borane

et her conplex according to claim1, wherein RL is

methyl, and,R2 to R4 e are hydrogen. 3., Sol ution

Torm Pt tsgent SutiusfB P O AR 3 i aibtpRafsts from
t o clhsi groap aenpistiag of €A4HCHoneCHETNRGH:-, B AL HE0b-ut | ons
afﬁOt@H@gsgﬂmmb-m&mcas)Unﬁ-, SOICHMC(CHER! iHE(ER§,CH.- and
et her e ran . .

C orrpl_<ecl>|(l§2&i EOHSE”F] g'ﬂgﬁierﬁ)&cqépﬁé P‘% uc §]; tjg : iét%%g&%@%ﬁﬁ{ 'ﬁ%%? Yolic
accoPt¥fi® o claim 3 or 4 with a concentration of the
borane ether com

with the provision that at least one of the substituents R' to R* is not hydrogen.

2.  Borane ether complex according to claim 1, wherein R' is methyl and R? to R*
each are hydrogen.

3.  Solutions comprising at least one borane ether complex according to claim 1 and
at least one solvent.

4.  Solutions according to claim 3 where the solvent comprises the ether used to
complex the borane in the borane ether complex with the chemical structure 1.

5.  Solutions according to claim 3 or 4 with a concentration of the borane ether com-
plex in the range of 0.01 to 3 mol/l.

6. A method of using borane ether complexes according to claim 1 for organic reac-
tions.

7. A method of using borane ether complexes according to claim 6, wherein the
organic reaction is a reduction or a hydroboration reaction.
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of using borane ether conpl exes according to claim1l

wo oo0soogani c reac- tions. 35 7. A method of USPEDEP2007/056171

borane et her conpl exes accordjgng to claim6, wherein

h rganic, r ion i r i on . -
Hy ar BBOTARY S Bk 1 Bt DS IO UB8InG to claim 1 comprising the
PCT/ ERRE) Zp1iB&Ipla bdrongethar eernpiexiand a gubsipte trareaction vessel
et heang pravkakRStha el dT@vbi0ed haddvud diberatel fidni thetrBction ves-
step If contacting a borane ether conplex and a
subsfFate in a reaction vessel and preventing the
escape of evol ved gaseous di borane fromthe reaction
ges- Aswdthodbofusing aedioetherf cansplevgstaarandinged lataim 1 for asymmetric
oo IR Ay s S ol i
conpPME §88Y§Hi ti onal Iy using a chiral catalyst. 10
10. A nmethod of using borane ether conpl exes according
10. Chahdthdd HfUsirRSHUTERS Ether Cdnfﬁﬂébi‘etsiééﬁ&dm%t@ cRERI1Fal asymmetric

k dm ' . i Si ' RV .
o1 notenb R I SFodla RS, FRRD ML b Y dgpaly psing a
of u&hiF oxraRREClidingERtadShpl exes according to claim 9

u
or 10 conprising 15 addition of at |east one al kal i

T ap np&ﬁﬁch&fmsiir%eocﬁén@etﬁé .nhﬂlé}é%%c@&gﬁﬁ%;- to +im & dF8bR8hprising
?)Tusin or ane et her co es accordi to claimi1l
compPLiieRof slikast PRmalsHl PRIk PoRM IS Ryt Siakiizido soent.
stabilizing agent. 20 13. A nethod of using borane
€2 hen nethgd SX RSt aridlether ddinibdisctdrdfRnd Ciafrh M8 comprising

addi b8 oPbr 7RG B HREAN 95 b dRefSing AP |1 21 N9 agent

13. A method of using borane ether complexes according to claim 11 comprising
addition of sodium borohydride as a stabilizing agent.



