Pyridi ne borane conpl exes Field of the Invention The
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new borane conpl exes with substituted pyridines,
S EhyHbihe BerarRMRHpkixag new borane conpl exes with
substituted pyridines and a method of using new borane
conpi exes with substituted pyridines for organic
g 8 Inve/lihr ound of the invention Di bor ane (B2H6)
is a toxic and pyrophoric gas that is very readlLy
h I ; coxl d] Lt nust be handl ed, wit N
o e 2ok 2loR Halts 3 e oot il Scpa gyrcines. o
t @F&F@P%FQE tessyeesn of pew bopanepioguienes wiiubetittiied pyridines, solutions
hazmpdsing hew ibb canare mpioeap gtk %Sbftftgté@ pamendsRiie) a mgmd of using new
d . il R S an .
P R g S s e R iy LB ARG 01 ons,
especially for the reduction of functional groups and
f Gackgraurshefithe inyantiasact i ons wi th al kenes and al kynes,
Functi onal groups reduced by such borane conpl exes

[ hyde, .ket pne, | acton epoxi de, . ester, i
A B R S PopncF 88 Gias S8 ki RicFolsastend ox-
s digpddt Brst kandladswith wteostirpoaisibns and (TisFYe shibped amd stored at
oferiatomsadintow J|=IEO°®O b rE%s ta\@@&iﬂﬂétthé‘J h&ﬁ?ﬁ?o?icdli@?rbg?,/fslompiexes of

I .concentration - .
F0ehe A i B0y mble o8 IEPRRER. Bhack aBines sl @ppgnines are in-
d¥RERDOLIedi FrPrEgie [eRstoRy, eaRerily & the eedustiorpiidnaibnalgnoups and
r fandpydiobarhitiong rdantidmst w&wﬁmm%d@m@n%{ﬁmﬁcﬂ{a‘}’ gioipt Fdduced by such
byt, ; , 1 . C 1O ..
g SRAREXES o0 BRIRDS, kelePACNS (oG B dideoxime, imine
ca'ﬁ‘gf‘&ﬁe PIPYPEF solution is increased significantly at
| ow tenmperatures, even for solutions wth higher
] OB 2 DBl 8 ARl PN soRRBR P lrane-TrF
agent.s. ar,e .av : )
PN TG YoleBer Sl ryelebic i plicmin sreseniaion pighmgi. How-
coYRfeliebatang- Biit cerhplex isqopnetacthalmal secdrspdsitimntbeydether cleavage of
bﬂ@aéﬁ@‘ny@fo@r’éﬁiriﬁ? SEAARE tOL A6y bDkFBE 9g§ uﬁ%ﬁﬁaﬁéslf tor tributylborate as de-

i 1 G ¢ i ar

KSR SEHER Bl AR o BIY BRETR e APRARR S4By o borane-The
seRPpiex EntHk solpiiruis inceasgd significantyrritiov teanpagatorgs, even for solutions
Multie bigeer camgeltrationyl exi ng agents are soneti nes
difficult to

Borane reagents with other complexing agents are available but suffer from inherent dis-
advantages. For example, sulfide boranes are highly concentrated but their commercial
use is limited because of their strong odor. Numerous borane complexes with aliphatic
and aromatic amines are known, but their reactivity is frequently not sufficient to reduce a
specific functional group. Moreover, such complexing agents are somatimes difficult to
remove from the reaction mixture and isolation of the desired product may become labo-
rious.

Pyridine forms an amine borane that is not moisture sensitive and very useful for reduc-
tive aminations and reductions in protic media. Pyridine borane is commercially available
and often used in acetic acid to increase the reactivity of the borane. Unfortunately, it is
thermally unstable and must be kept at temperatures less than 54°C to avoid decomposi~
tion via hydroboration/polymerization processes. Its shelf-life at ambient temperature is
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very useful for reduc tive am nat ons and reductions
in protic nmedia. Pyridine boran@ is commercially
aoaiyl GatmosthanBoraht eompleest bipyadiet| E—naﬁd)@igiy@di‘nmis@%@lpyndlne 3~

t Regnyi gﬁaﬁ@ﬁb‘éﬂﬂﬁ%ﬁﬁyibﬂﬁj r@rﬁS%e ke%t%{{@'{tgldﬁcohﬁméeﬁpan distillation

t hermal | o
@g ![J&H/ Z{% t?’po"?l 1\¢|3g 2-Picoline borane (mp.
hﬁ@r@bé’fﬁmimﬁmlm zrm 55{51me§6|3'$$[}8 borens rebf +06-16¥°C) and
atp, A6RbRdEhe bErAREIAPUSE 1069 hivEpBBNEDR1edBRI N6,
conpf exes of pyrldlne 2-n-propyi pyridine,
3-net hyl pyri di ne, 3- ethyfpyridine and 4-ethy!
pytip Qlﬂﬁ@“’fdh@ the q@mfﬁsOf\Km evmplevhe agent strengptises theosiability and reac-

ditigityt df?im beané kénge?tj%sé ‘;ﬁeil gs t&;@tcof&batlmnséat wWHIGH ?reaMdé‘rﬂx can be run and
i col i ne borane (rnp.

C@SJ%V %e;%rﬁ&? pyr| din g borane (np. 50-51 X),

2,6-lutidi pe borane (np. 106-107 0C) and

2 The@iwef i isdisnieatie teadw/elopmenditbrindEpehia withbi®efbved stability and re-

' %@!t\ﬁt&%%;%?tie%oédd%ethoés 6&3%?@' tﬂ@rﬁ fm BFB@F ﬁ&%ﬁéfhgﬁﬁhg r'ange of avail-

exl ng .a ron
aﬁg*e%gg%et feess?ﬂﬁs grd i%@%%ﬁ%qlﬁeﬂﬁé %@'ﬁp%@r manwa*@n@iy@@natlons em-
c omyingitoranegeagditeh a reacti on can be run and the
wor k- up procedure. Therefore, it is desirable to

d | op . n r reagents with inproved stability

a% Hingdty g We'k? i perties and nethods of using them

in order to conplenent the range of avail able borane

r g erdsendingertion @ﬁch;f R &ﬁérﬁ@éorﬁrﬁféﬁé‘s‘ c%ﬁ?dﬁsfn@rsubstttuted pyridines

OEQQ{E éﬁonﬁox{léx{}aigg?ém &uﬁ%%é’%@@ %[]\P ew ﬁti}‘[ gﬂwe Brasent invention
pi“f§§ F%@evﬁl&Wﬂ?@F arﬁap'@éﬁﬁ te aysthegap Hiese Ngwhepe qampiekes. Still an-

pythiedbbjest dthd freserd ipieatiormn@aspenicvalogmenl oftr@Rsds of using the new
t B@faﬁ@fcml'r@%%@%rr of&gn?c%a&fonghe present invention was

he deve a process to synthesize these new
borane conpi exes. Still an other object of the present
i Avemdingly, weve bolase dewpleagsredite @frmizt (Hp Haveofeansoingd, t he
new borane conpi exes for organic reactions.

Accordi ngly, new borane conpl exes of the formula (1)
have been found, wherein Rland R2 represent

i ndependently from each other G - CB-akyl, G -

Ca- al koxy, Cl - GCs-afkoxy-C, C8-al kyl or hal ogen,

Wi th the provision that R2 are not sinmultane

N'BH3

R (1)

wherein

R' and R? represent independently from each other C, — Cy-alkyl, C; — Cg-alkoxy, C; —
Cs-atkoxy-C; — Cyg-alkyl ar halogen, with the provision that R' and R? are not simultane-
ously methyl when R is at the 4- or 8-position of the pyridine ring.

Furthermore, & process has been found to synthesize the new borane complexes of the

formula (1), comprising the step of reacting a borane source with the respective substi-
tuted pyridine.



ously nmethyi when R2 is at the 4- or 6-position of the
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(1) , conprising the step of reacting a borane source

with the respective substi tut ed pyri di ne. Anot her
erfrothiemembodimeanhef the esssent invardiot |awsca|ntears<mbutph?m§ at lea?t one of the
c 4 exes o
R e B L AP R

borane conpl exes of the present invention can be

erpedpRcbarate eomplexss ai trebrreseft irvegtorn can be employed for a large number

t ro&ﬁ@%ﬂﬁ:ﬁ%h@ﬁﬁatac@saﬁmrﬁﬁeﬁé@ th@ ?ecfu%ﬁ’é’r%ﬂ faRctehat al.groups and hydrobo-

f [ obor n _reaction
‘”@F"E‘e" 828 o L B eBeC BT3P SR en e Yeeh borane
bGPERIE X@%m@bf @aw ngrderidapide. kefonedectenalehgdde, ester, amide,
k ekioree jmihaahonirile gpaxisde, ester, ami de, oxinme, imne
and nitrite groups. Brief description of the draw ngs
Fi 1 dllu trates. the stability of
5 : + b borane in nethanol over sev
eral days. Detalled Description of the Invention The
n%uﬁﬁ’@ﬁ UStr KBS MLABHWoF BofiRE tn'léth e L e nggthé%‘? over sev-
re§ﬁ i nvention have chem'cal structures accor
t6'q éwﬁeneral formula (1), wherein Rl and R2
represent independently fromeach other Cl1 - C8-alkyl,
Ghetailbe Dabkivn ofhe-inferriah koxy-C-i - C8-ai kyl or
hai ogen, with the provision that RL and R2 are not
siul tane ously nethyl when R2 is at the 4- or
6 B BEVibSrRNGICOMdeXs W*falsﬁés’fﬁlﬁtﬁ@ pyngdinessefdhapresint, inteméon have
t enemiCal struCidreal dogbidirdenahe gerteriramnaed )or an
upbranched sat urated hydrocarbon group conpr|3|ng
between 1 and 8 carbon atons. Exanpl es are nethyl,
ethyl, propyl, isopropyl, n-butyl, isobutyl,
sec- butyi, t-butyl, n-hexyl, p- ﬁeptyl 2- et hyl hexyi
and n-octyl. The term"Cl - -alkoxy" denotes a group
' / nbranched ali phatic
i AR¢k 8 carbon atoms,

nonoal cohol conpri sing be
Exanpl es are net hoxy, ethox oropox9 i SOpr opoxy,
n- but oxy, isobutoxy andgh- pentoxy. The term"ClL - Cr
al koxy- Cl - C8-alkyl" denotes a C - &8l ai ky! group as
def i ned above,
wherein
R' and R? represent independently from each other C, — Cg-alkyl, C; ~ Cg-alkoxy, Cq -
Ce-alkoxy-Cq — Cg-alkyl or halogen, with the provision that R' and R? are not simuitane-
ously methyl when R? is at the 4- or 8-position of the pyridine ring.

As used herein, the term “C, — Cg-alkyl” denotes a branched or an unbranched saturated
hydrocarbon group comprising between 1 and 8 carbon atoms. Examples are methyl,
ethyl, propyl, isopropyl, n-butyl, isobutyl, sec-butyl, t-butyl, n-hexyl, n-heptyl, 2-ethylthexyl
and n-octyl.

The term “C, — Cyg-alkoxy" denotes a group derived from a branched or an unbranched
aliphatic monoalcohol comprising between 1 and 8 carbon atoms. Examples are meth-
oxy, ethoxy, propoxy, isopropoxy, n-butoxy, isobutoxy and n-pentoxy.



wherei n one hydrogen atomis replaced by a C1 -
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and 2-met hoxyet hyl (-CH2CH OCH3) The term "hal ogen”
denotes a fluorine, chlorine, bf*om ne or iodine atom
i Tha tgmefla r—ﬂé@allemﬁye% rehtaliofl” denetepracSenCyaikviemrbupas tibihed above,

22&3{3%&:} %ﬂ@h gt :Q@é‘;ﬁag%tjwac@ &l ~%§%>§W%%§lp gs defined above. Ex-
g R AR e S N I 4 S —

r ietiyl (-Whs®HS¥Efgrred is an enbodi nent of the present
i nventi on where the new borane conpl ex has a cheni cal

S r t,0 nera! for nmu
TP ol FRBEER HisBRs T1RBe iR RS RS ety ¢ e
5-position of the pyridine ring and is ethyi. Another
eirba drefendd @hbidiaenr & senpres@venichosh ihe rRwWBR8es Sorhflexes have
S)ﬂ dhesl SRl RS élﬁzWr B3Fe Qﬁ@éi%f?ﬁhlé’& ) ek r ! Poug R? is bonded
| t he reacting borane ‘sodr
Wet%ﬁfgcp ti§’§€gg"t""| Wé’d@ﬁﬁg’ﬁr tuted pyridine. The borane

source enpl oyed can be diborane or any ot her

b@/{o@,ﬂﬁ’aﬁé?t%h@é ah @&bb&lﬁ%f‘&f A p%&%ﬁﬂﬁv&ﬁieﬁ Rnﬁ’ﬂtel'é"ﬁse ew borane complex

a%?ﬁﬁ?fﬂ%éf%@%% AB1osdS 1 pe oL B b wBEre i roun R
eR@iinbred Rt Bdopret teste fpositien pf teantidinaviegendis etayl.
conprise the In situ generation of borane from so di um

© RROECEN 6 ak SHLBALNHIRGHTE 4 RolfSBLFRRLGE Bb new borane

sﬁ?mﬁfem ofthe @W@Hﬁ (1}, B@maﬂ@nma&@g%w ef reagiing afzrane gagce with the
Acsgective sBbstisted 988Jine. Atetotirigsdutced difiplbyatestn 8 dibéraRe or any

s Hf?@' béﬂ‘éh@ gorﬁ’&éﬂgir@ r@ﬁg{;ﬁ}ﬁgr B&an%%?ﬁéﬁr@tle%ct{%n gyst Jhatpas been
4U%%§$r the syRBER ohgthetberane SQ’@P‘EWS fay. W'WyFP*‘BWﬁS% rF@r example, the

2p®cest aftthy prepenidnvenfios ray apyipnide tetihplipyeietativg, of borane from so-
4639&%6(’&)??3%? BB LAY bBbb‘h'tF’ﬂidb? de fhég s%%é f?the respective complexmg

net h yri W .
SR Sl AR 7ol il . . 21— 2 e

nEtes9i1Po8k di ne, 2, 4-di propyl pyri di ne,
5- nethoxyrnethyI-Z-r pet hyf pyri di ne or 5-

ehp%? ’H@Ec{’%'?'ir%eﬂgéﬁk]\é)%@s%?qﬁpyﬁd%fg%éa%dF@g Ff‘%‘%ﬂ'? ég?utgdme 2,5+

nb§inpr ey Zmetyinyridngyd-etyhemejiigridiend-ethahnmathylpyridine, 2,5-

sytisthiylpgiiding, B-prop@-Pewtrypyadiee COPRbEXEMetyIDVRENB! £&6Plopyl-2-

| RSBV ARG AR L5iEE meliipyridine, 5-n-hexyl-2-methylpyridine, 4-isobutyl-2-
methylpyridine, 2,4-dipropyipyridine, 5-methoxymethyl-2-methylpyridine or 5-
sthoxymethyl-2-methylpyridine. Preferred are pyridines with substituents R' and R? in 2-
and 5-positions, most preferred is 5-ethyl-2-methylpyridine.

Another synthesis for the new borane complexes of the present invention comprises the
addition of the respective substituted pyridine to a solution of borane-tetrahydrofuran
complex in tetrahydrofuran. Preferably, the new borane complexes of the present inven-
tion are made in high purity by direct addition of gaseous diborane to the respective sub-
stituted pyridine. In order {o allow for this reaction the diborane can be brought in contact
with the respective substituted pyridine by any method, including its in situ formation, e.g.
from alkali metal borohydrides. In this synthesis a stoichiometric reaction between one
equivalent of diborane and two equivalents of the substituted pyridine cceurs to yield two
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of the present inven tion are made in high purify by
direct addition of gaseous di boPane to the respective
s ghuistletistof thepyaw dompe complerete(t ).tBecalidoyorfhioof thbingw borane com-

r §R&EL BNthE heedhPRLANRNGAD ihfy BY ﬁ@lﬁ%é%g&%%r@?%g%—%@nykz-

theﬂ,r]gﬁ%pi Ftlbve Slfg?stll.ut,ed g%/rl |@e, ty ny nFt .

| BRI JTTTG F Y B St RSB esis can be zc-

meeapligied dhgemings seadiers with stigipg hiyesidpgalistraiacti toarpeatisubstituted

r eagdih@n bet ween one equi val ent of diborane and two

equi val ents of the substituted pyridine occurs to

yi el d twoequival ents of the new borane conplexes (1).

BEWagYe. herfeibsltuieddYrdiRe Foydeerresant il @scess edmpared to the diborane

?eas,ethérei‘dn@!,eﬁw smv@bﬁh:dsw@h@_i@tngaa@hmt tHeSIPANeRERY & solvent for the
o |52 V. i.n | Ji.S

o Refi eryRceracs cdfRpLY. ol S 5 B ot 0yl hoorer com-

c BIFINE SN P PoRIRIBRN Heavbabtatedipyrdige mayialyp byPrasentng

di borane to the neat substituted pyridine. However,

t RRoMEPEMbbURE: B¥Rd HicREnTRENEh @rtﬁ?c’r%f&'e E%oﬁ%‘gﬁégfmprising at least
i bor.ane anpd r e

conpared to the d , . therefore, sery

o1 OLER Ot Pl P SRS W By S-ERUTIs6 PaHE s ) 480 &b egsine solvent.
f Stitalie selvatity for rarsalutions ah hequegané inve@oncoe Bt eastoreetially miscible
ToitH Y r{a;@pecﬁzoé ‘gﬁﬁﬁtiﬁg&‘@ F&Jédﬂféocﬁfﬁtl?e gi@ﬁgé %es:inﬁg_x %’g)i alt:jdtib(ert # borane, for
P St RSN Bi BfEn GO G Rt raerap. sufices ke
i direiiad slfdeont . Sdhigxarsror dyHiverdiong like pendana hexanephepthes, cyclo-
Neexdnel Dhene QMRYiexss Préfbied sdigdrit for @‘ﬁbl $titioft BESe(nely domplexes

a 3 . -

oftn ShoaRAes o ST {38 teratilichs, SRRl BforddR, aimetny sul
pﬁﬁi%i*a@-rfgwﬁ({‘%@fllﬁﬁ &\ JeKANS PrecYelobpeane; eskrrBiried @ tptrahydrofuran,
pimiathylietrehydrbierdn taremec bewaneror cydghexade.i nert to

borane, for exanple ethers |ike diethyl ether,

tetra rof yran or 2-nethyltetrahydrofuran, sulfides

| Tt SRR FRRrBre RGP dsierd b ran oo Rpu RsesitasRplexes of the
| fomulplii iamencdndnations batepeadEs any €lomekapefersny belneearD.3 and 3

XN ffvre Plefirably 8Eweh\0eNA/d o Afolf he sol utions of the
new conpl exes wmth substituted pyridines (1) are

tetrahydrofuran, 2-methyltetrahydrofuran, dimnethyl
sth¢ peletions of therprasem évenignesnesithrekadiccally eoyilyet dxdngher reac-

nists grtied Biraed canpick e BB YHIBEdIhdire form by evaparation of the solvent.
2-nmet hyl t et rahydr of uran, tol uene, hexane or

cycJohexane, The solutions of the present invention _

géﬁ@P'é‘PW ObHRIRIFrILA ceFrEVbY tamaew gﬁﬁ@l“é)@éﬁ‘ pigpes wih substituted pyri-

f dinawi{ g e(dn) sdlaticsndidnirowt soesideireirePar@d aat drdstable for reason-

A4 kimeReRbES. ARLYO8! MBERb tah W nducted in a protic enviranment contain-
ing water, alcohols like methanol, ethanol, propanot or isopropanol or acids like formic
acid or acetic acid. As an example, Figure 1 illustrates the stability of 5-ethyl-2-
methylpyridine borane in methanol over several days.

[t is welt known that borane complexes tend to undergo thermal decompositions. The
storage stability of the new borane complexes with substituted pyridines (1) is therefore
of particutar interest. Shelf-life studies performed under various conditions (0 and 20°C)
indicated that, for example, 5-ethyl-2-methylpyridine borane did not lose borane content
and did not become viscous aver time.



nmo! /1, nore preferably between 0.5 and 2 nol/L The
sol utions of the present invention can either be
wa@leeosos48§6 enpl oyed for further reac tions or tPEr/BP0aTIE;N0003
conpl ex can be isolated in pure form by evaporation of
the solvent. On account of the foderate reactivity of
t he new borane conpl exes with substituted py ri dines
( chh eRRPocH ' a
pr Zgzﬁéﬁmgﬁ?“ﬁ“ﬁ%ﬁiﬁfgé%%%ﬁ SapPieife B nermal degracation
TREPEFEPEIS ENRATERP CURPIBE SRS i IPaRNtiveRtiof s een studied by Dif-
ef&reniia Seannico felarimelry O9A) and cahpobovith Sickdatatdrilncdmmercially
5 ehanble afiheRafsie @GR! D88MOA réid 86GL8%nd tdseuddiifbdetecting

acj ' id. As_an.exanple, Figure .

" PPofp e RS fodie S o Pl Befymeosichs, T sy summenzed

b&t &#eitn net hanol over several days. it is well known

t hat borane conpl exes tend to undergo thernal

deconpositions. The storage stability of the new

b b, ; ' ed pyridines (1) is

tﬁg?gﬁo?eéf%‘%@égﬁ%%ﬁ%i s * B 1 fe ot udies

10 performed under various conditions (0 and 20aC)
| dT cat ed T NAknind REmEXaND! €, 5= EORET e PV ERLLE released

barane did not | ose borane contlent and_.d] d not |peco

vilscous over tine. Osng to_the high erderhy contient ofg)

bgr anki§yl-2-nettetierigpe (€0%as €HFh |t her mal 188egr adat|fi on 0£361

_SO@Eﬁy!—ﬁ%tﬂﬁ%&r@@fﬁﬂ@aﬁmtﬂes or Thgypresent — = 579

I nvention has eeq studied by O f ferential Scanning

Calarinetry (DSC)”’and conpared wWith the data for the

c dn¥rEfi-atmgihdnaidingdneatdrnnolbor ane cdiggl exes, [DSC i€97°

rapi d screeni@gitest useful flor detecting

a
atentiat ; eact aas—ane—therral
8 :?’;" thﬂ?%’u%% ﬁglﬁ?%ﬁé‘f’%g " Mgh summeriPed in Table P12
Tabl e TEGEAGhYIRydne B8%ene Conpl exe¥Ba Tenpdr at ur €00
rgnp of 4-fiEeting.(cdigdrReRpt UT € rjanp of &gd K/mhn The™ g3
astred—vatuesarg_not—+ntrinst-c—properties—bdt—are
dependent on%t?‘%%&k Msitivi ty off the in Br unent .| t he 690
sdanni ng?.fAtédiagromperisemnt ity jof the atéterial [(B. -582
Venugopah-Disthemhilia(z BiegsSSi N, 2002 {{Karcn SSUe; 3
51). Differ e@ﬁ%ﬁa@i@ont)he qual ity of th%OQLat erial{ al so
have an ef feq L.e “if solvent] is corftdined, -39
gener alN.)-Dietylagiive Yy eventslel eaged. HoweQer, rellative-10
thermal ri sk(s;gmbaﬁwmpounds and mxtureis;opan be -180
cognpared. Fromthe data in Tablle 1 it '4% evi dent thatmO
the new 5-ethyl ~2-net hyi pyri dige borafde™~has a_hi gher"

it

-y

onset t RyfiséedOavonyidimerorangses lless endf§y upon -660
decanppegidined n(2 Hants)ydonsianeosorane ang3s- 225
Pyridine (95% pyridine borane, 595, | -970

5% pyridine} (2 events) (comparison) 340 -180

* Temperature ramp of 4 K/min. ® Temperature ramp of 2.5 K/min

The measured values are not intrinsic properties but are dependent on the sensitivity of
15 the instrument, the scanning rate and the quantity of the material (B. Venugopal, Chemi-
cal processing, 2002, March issue, p. 51). Differences in the quality of the material also
have an effect, i.e. if solvent is contained, generally less energy is released. However,
refative thermal risks of compounds and mixtures can be compared. From the data in
Table 1 it is evident that the new 5-ethyl-2-methylpyridine borane has a higher onset



pi coline borane. An isothermal DSC on _ _
5~et hyl - 2- net hyl pyri di ne borane (95% purity with 5%

wWG2@Bl3488@2- net hyl pyridine) at 1500C showed anPCT/EP2007/060003
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exot herm c event after 140 minutes at this tenpera
ture. The exot herm showed an endrgy rel ease of -374

J igmpbriat e Bed Fassseb s sheely upon deeortyesionch&SEyridine borane and 2-
Aﬁﬂfohﬁé b«% éhermal DSC was run at 125C which did not
ow any t events over 3000 m nutes, but the
dynami c scan run at the end of the isot hermal scan
s oviecthearmnad D6t ora§-eligBadethylpridedrenrgy( 968 pateditng% 5-ethyl-2-

Orhhéfth pﬂr%eﬂ he1 50;5@ sholve¥eh BRERkic %(/erﬁré%ghiﬂrﬁ@&eﬁ this tempera-
%sér{ehii)(e ﬁxo%}%{rh%%%pla& e}x{lg?ggfd'%%gagg Ce,ggl%o.ﬁ%whl is less than seen on the

d@d@?ﬁp@@fb(ﬁ d¥nodter Ssothdnpil RSGwtdsybip gt 1 26 ° Geviiar dideotsistw any ther-

haws c06fy byed B0 mhiRgies Nt h%@d n@@ucpﬁahqeln aﬁ'hB %'nb Bbf tdsothermal

' %%#gl‘:id@\?ea%s&sﬁ ats‘ﬁiﬁé &%\rn i'}ﬁ %nergn%yg es ?Aﬁgro&g/ 1ﬂ8\)\§\£ﬂi This lower
t FEQERT ofenerty féﬁéﬁ%lswlye%%t %@%4365'@ ane@ms eupeotedder 5-ethyl-2-

ofmetDAtridPempedred sb aopy dedbmpodinedi & etiChe 8RPALIN® Borane must
h‘ﬁ%% 3 uﬁ%@duﬁn Meaan#ﬁé% B¥G n)? aﬂqscﬁl‘?%rﬁﬁ?DF% qt 55"0 for 4500

t
pr“‘??{w aﬁép{%{*’%@% 8"6%?’ SyeRiRGN Ui W?%@@Wﬂéﬁw«ed the ex-
wipebleg ebsigly releese pfy-668iJfest aplgnséoef 1@BYaTamparad td PyrRline borane,

ThaidRedaRAst KEORBM bESS Gl BR1SA-8RnQhyIGHRNRM orbiis 3P Fiore stable.
e A

conplex and a substrate ifi a reaction vesse
aromati ¢ am ne boranes, the reaction is expect ed to
r S ipresehBiavertion dirtes olayvides maethod ahesifg e rehebaaineamplexes with

PEGEB@EL@QB yridift® (8pRRBRaplc r@é(@ﬁhé'aﬂﬂe)m&ﬁ% ¥&4 I%%Qﬁ’é@ep of contact-
oaqr Seléa]—% g oﬁrﬁél‘éggg{i %}ﬁ%ﬁ?&ﬁe %&Zas Eee ide égsrs Fﬂr ngél aro;%atlc amine bo-

é%‘}@spﬁhéig%ﬁt'é” regjipeated to WIFﬁﬁEﬁ&taudﬁ@dmahe the perass dnog the amine.

gPesit@ablyl tharesapmy oddventaliy e ivEasRREsILCIBSBRS HbS: the reaction vessel

Oisgfﬁgté‘nté(? "?‘Ett'gg 'Féacttg{? Qeé@‘ié &%Lﬁcpl?e Q@%&e%rvﬁgwe égﬂppr%ssure regulator

aée@ P FH@H%B&%V@FW@ ﬁzf%w thwhemmaéméeése@msmertmessure
reductlon of functional groups, hydroboration

d:@:"é%cmrkhfo?w&%ﬂ?l%e Ve b@i‘aiﬁﬁ Q;%ﬁlp%@lg% B]e%% itltJYG% | pyridines (1) can
AT Ert e
Bk B IePR3 glordnd TS Ssion htesrme il e 'eedon ff functonal
r GEYESi fwﬁmb@milpn oerctiong with BEensarisbaliyres et eeductive aminations of
C akBhRIE. r kBhHSIite bgﬁﬁ%r%ﬂﬁ%ﬂg%}ﬂeg @ﬁﬂag%r%ﬁgtrates to be used

I
BT e o g compours
with algbyds, kefoee, gyme.dinines nigrily ot cabexylioagd graups.

The reactivity of the new borane complexes with substituted pyridines (1) toward organic
functional groups is expected to parallel that of pyridine borane and 2-picoline borane {cf.
Yorka, K.V.; Truett, M.L.; Johnson, W.S., J. Org. Chem. 1962, 27, 4580; Bomann, M.D.;
Guch, LC,; DiMare, M., J. Org. Chem. 1995, 60, 5995; Pelter, A.P.:Rosser, R.M.: Mills,
3., J. Chem. Soc., Perkin Trans. 1, 1984, 717). Because of the strong interaction of bo-
rane with the nitrogen of the aromatic amine, reductions of organic functional groups
benefit from the presence of acids or Lewis acids (e. g. acetic acid or baron trifluoride-
diethyletherate; see Brown, H.C.; Murray, L.T. Inorg. Chem. 1984, 23, 2746f, for reac-
tions of 2,6-lutidine borane and 2-picoline borane in acetic acid). As can be seen from
examples 7 and 8, heat was required to dissociate the borane from 5-ethyl-2-



functional groups is expected to parallel that of
pyri di ne borane and 2-picoline borane (cf, Yorka,

wa2048/03488cett, M L; Johnson, WS., J . Og. ChPCn/ERBE2060003
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27, 4580; Bonmann, MD.; GQuch, I1.C.; D Mare, M, J .
Org. Chem 1995, 60, 5995; Peitér, A P.;Rosser, R M;
MridtisyipyBdine End@b emucSe® hyB&iH@réhoﬁro@ﬂSoct&\e B4 pre%%ﬁ&e of acstic

B%Ei@“ﬁ*}% r@éc%tibﬁ %céﬁr& mp A& ALt %qc ?%%%n‘grﬁv(\n% ;ge 9).

trogen C am ne,
functl onal groups benefi t fromthe presence of aci ds
oTheehemosaeddsity ef thg neadetdre @aiptexes Wwitdrsabstituted pyridines (1) in re-

t Humf:tfdr‘:%éﬁ%ﬁé LBYhRENRRE X el actiif siucyLHy rBdcting equimolar
s rpol iR e agfacéomgg% Wéiél;\f;%ﬂ‘@gmﬁthd@&mﬁe borane (1

aefdyalemof baranedlydedmralativente k aguivaisntof dedzadeHydat sasasample 10).

I FegrdREoh Wagﬁrﬁﬁl@&b@t ghdd éi@tr@%%ﬁﬁk:ﬁ e react:on temperature to 70°C.

i ORDATBRC HpB YRR f?fﬁé%ﬁ@ﬁ@&f@ Bruiioain 2 91:9 rato o

abeRey! glRehql &nelienshviielies Qﬁchmmei cathehyh substiatare B7% was re-

t dopRl 21idB3% (@hainex ametiecdd) (50%hapehiedpsabn Palcad Mattive of the

( eé‘ﬁ%:l%ﬂ%%&&né@ét@ms%ﬁ% a%iFaBleSfHPf?le %%L&? gna Bﬁ%erghese conditions. It

c 5rivatmen et ¢asheny (ﬁdluyﬂ%rtsdw warreefsﬁqwﬁgy slgbivhep|tee of the three
ahoans Siydridetsoma hdehiedetednowiag ¢ theh=ine reactitylof the dialkoxyborane

Sy 2ptEidwhRyd i di pe borane (1 equivalent of
bgrﬁ%g |leng de relative to 1 equival ent of

benzai dehyde, see exanple 10). The reacti on was
i Whe iileviagawamplestiheiratedhe plasanf invemtioe aithdwd imitation of the same.
tenperature to 700C. The benzal dehyde was reduced nuch

fé?érﬁ?leéhan the ketone, resuiti pgin a9 1:9 ratio of

i coho! to phenethyfal cohoi. O the conbined
carbonyl substrates, 37% was re duced and 63% r enai ned

uBoradd @edceﬁwﬁ'@%r@méﬁﬁh)suml S twh e RIS thob afitraive oPtfhe borane

geomg&ﬁ@eﬁ%eh&@gé&np%&agq Sl O "BLERY T MRBLEL O Denney,
&t ‘é%ﬁ%%ﬁwtbia%ﬁfc@w%ﬁ@twQﬁieﬁmaéﬁ@alwecﬁjeeﬁ (yew topk: John Wiley
wirehSomoinof 1988% pplasaesgsoaadpy bayrdn ifidtoraliBarbévge (1:1 mixture of so-

r&ﬁﬁnta%q} o@é@sﬂﬁn iﬁ%&; %10”@%%\5\1%& B}Y,eigg‘:’IEFﬂg ﬂ?e sgmple in concen-
%ﬁgﬁ@f OP“'PFLFS% Hird Dar‘f@@ewuhﬂhk}%w%m\m Resgence of mannitol
I ﬁaﬂ@\tffathi OnOcdanich@yrslesis viEBargriessVBot dNewoamcaelohh BVilegasd Sons

V\Rﬁfz 197888 Uitﬂ‘? aRy Jéfﬂé?y et }fi‘ogﬁsse‘ttogi ag@%ﬁl‘)énﬁ afi {?éhr%ﬁ; %?.'? Vogel's

é?@%« gg‘}uan jteg/e,\gi?]emlg hﬁ?nfiyss ‘@]rﬁf.{%;g Hey and Sons Inc,

T'@ﬁ%d@kz%f?*@ant itative Chem cal Anal ysis, 5ih ed.
(New York: John W ey

Example 1: Preparation of 5-ethyl-2-methylpyridine borane from borane-THF complex

Borane-THF complex (20 mi of a 1M solution) was added dropwise to a solution of 5-
ethyl-2-methylpyridine (2.4 g, 20 mmotl) in THF (10 mi) at 4°C. The temperature of the
solution rose 3 degrees during the borane addition. The "'B NMR spectrum of the solu-
tion showed a quartet at § = ~13.2 ("J("'B'H) = 98 Hz). DSC of the solution had an exo-
thermic event at an onset of 209°C with an energy release of —30 J/g.

The THF was stripped off under vacuum and 40°C to leave a brown liquid still containing
about 40% THF and about 60% 5-ethyl-2-methylpyridine borane.



and Sons fnc, 1989), pp 384-386, and by boron fusion
Wi th carbonate (1:1 m xture of sodi um and potassi um

w@200Bosuase) at 740C fol | owed by di ssol vi ng t hePGHRP1087/060003
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in concen trated hydrochloric acid and titration with
sodi um hydroxide in the presenc@ of manni tol (Brown,

H C. Oganic Synthesis via Boranes, Vol. 1 (New York:
John Wley and Sorts Inc, 1975} p. 244) and Jeffery,
G H., Bassett, J., Mendham J., Denney, R C, Vogel's
Text book of Quantitative Chem cal Analysis, 5th ed.

( Reamylerk : Prepaiativi pbs;3-duntidiSe herana drormig8 ) e- Tblﬁ 289e300.
Exanpl e 1: Preparation of 5-ethyl-2-methy!pyrid ne

o5 4e AR AT 0T 5 B LR r 2
ofUtfsimeéﬂ Ry 9. iﬂﬁﬁéﬁﬂﬂgﬂlnﬁﬁﬁ d0me qt2°Q. the Roperadire of theRiution rose 3
( H6gmee3 datinghBE bofme ddampar BB NMR %b&tﬁm’q itthe BolufGEshdwed a
dggér‘?&%t gur '1?% (ﬁgeB%r_agg HQﬂ ‘B§d gﬂhau%! qlgaac{\l l\{‘gexothermic event at

spectrum of ti on Sthowed
- 88 opsgtpf 225°0hyith) a deldBol423 J/PSC of the sol ution had an

ebe ThiErwascstepenitofainden vanset araf 3R2090Coved e B8 QBREDrane as a
" ﬁbﬁf"‘c:rn?stgﬁ ne §c9c8%97 ﬂ%‘éﬁm-grgggq‘f‘@fsqzﬂﬂ&' pped of f under

vac eave rown lrquid still
cont ai ni ng about 40% THF and about 60%
5-et hy!-2-net hyl pyridi ne borane. Exanpl e 2:

PEﬁaﬁkﬁbiétﬂ earRtatdndr 'F)Lgtt’tﬂ-'ﬂ}ﬁetﬁgbﬂjb‘?néc Eé}gﬁgﬁ‘ ANfsok oW WIth solvent

conpl ex Bor ane- THF conpl ex of 1M so ut1 on
added dropvvlsetoasolutlon of 2,3- lutidine (1. 07 g,
10iberasie)(1i40)meE qdteditg a apiuti@ offhethyisirpetatpyridinef{12.he) in toluene

S Houhi) e $E2M sER b ReSs- Qﬂh%@lﬂaeﬁﬂwytﬁl@iﬁ@%ra@x@dﬁé Ra‘?hperature of the

158 Bl 8 AT Wk IRy BB v

hedRriat ab& 511 83ranm ey rﬁ”‘iéF QQIHZC) nBt DBE of fec0iution rad an onset at

dei2°8 &fd ardéheld\OreleHRe of HENRS. Bld dPRAEWAS FerbRRunder vacuum from

e W@ﬁ@ﬁ*‘*?? olfert B o Ve’h@%ﬁvﬁtﬂéﬂ o PR E BFIEESHAMR inci-
pérage obiokisRE 4T0-87) EFMEnigghy! - 2- et hy! pyri di ne

borane from d| borane with solvent Di borane (1.4 g) was
added to a sol ution of 5 ethyl 2-nmet hyl py pdne (12.1

gélntolgene ,SOn% rma 2M sol ution of

e SRR &FW&QW@H%Y”WQT%’EWH@WWW'thOUt solvent
the solution rose 4 degrees during the borane

a@%bFén@r(z; Q@Qﬁnﬁn §B§c‘§éc{ H'Heéh I- ibyekin@la8l o5 g, 379
hlggpoidﬁ g:gggé c&pﬂa\% an iCE‘ Elzt?'] Th hg h%%?iofﬁ%o{zermm The jodate ti-

tration for borane of the product indicated 81.4% 5-ethyl-2-methylpyridine borane, which
was slightly less than expected (92.5%) based on the diborane amount added. Boron
fusion method indicated a purity of 91%. The density of the product was 0.909 g/m! at
25°C. Viscosily was measured at 6.6 centistokes at 20°C.

Example 5: Preparation of &-ethyl-2-methylpyridine borane

Diborane (21.2 g, 766 mmol) was added to neat 5-ethyl-2-methylpyridine (182.3 g, 1.504
mmol} in a bottle in an ice bath. The 2.5 h addition was exothermic raising the tempera-
ture to 6°C. The jodate titration for borane of the product indicated 93.9% 5-ethyl-2-
methylpyridine borane. Boron fusion gave a value inline with the amount of diborane



2120C and an energy release of - 152 J/g. The sol vent
was renoved under vacuumfrom 30 m (27.4 g) of the

w@i08sn34s86 t o | eave a |iquid product (6.4 g , 9BCEEP2007/060003
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yield). 1H NVR indi cated a trace of toluene (<0.5%
remai ni ng. Exanpl e 4: Preparatith of

5aetiby,| 982 ETHY " BWNIRl spsctR@ &NBe E610BroiRARNEqWrlh U = -13.2

SqLyeaty) R horan ”%W%d%@ (g‘ YGg0 (53 meefH%o@S?q, 2H,J =78
bdﬂaﬂ 5t GoBEY oaﬁH»o.% "Bat)iF 98rHe), 8.48 (ddthitd DR.Bwday, 6.74 (d, 1H, J =
exd hey, gl4g, (sTha); I@dalmt(cwtfslﬂnsfzqu @szaﬁﬁa 9f1ésh§ 148.1, 154.7,

product |ndl cat e %

b Gha s e g e pyetare o o bVB (¢85 5.1, 222,

b&5ed 18h.0t HD.01i 13617ands. anthng; !Ecﬂd@ﬁ in BORS ot aedl) B str. 2250-2400
Meh{Tothé AShAHRLRA POTE/I ¥t 21 ° 9 WMacodi RbiYredht v B |

przgg,yct was tg 909 g{;urjr? at 250C. \%Oslci}gwsl??y vvasrerreasur%eansmkes at

‘6 centistokes at 200C. Exanple 5; Preparation of

5- et hyl - 2-net hyl pyri di ne borane Di borane (21.2 g, 766

moi ) was added to neat 5 ei hy! - 2-nmet hyl pyri di ne

( I an i bat h. .The oy
%gwﬁ i e SRy b g5 (FadiBhy sod P at ambtent
'@@"aml‘ﬁﬂ) i odate titration for borane of the product

|nd| cated 93. 9% 5- et hyi - 2- met hyl pyri di ne bor ane.

B@r&fr‘aﬁéj{%‘o 1%Vrﬁo[gw¥§la .t ZWWH[}% 951.9 g, 3.81 mol,
dib Efv??
B B at Ao ererareg The egezateweﬁngm)zogg 26°C during

HEhe difigdanp/Riditerao\eCRD643 mBeieR0 The jodatd titdation Tor®otdr)e, indicated
19929% BordHusidn ﬁ&héﬁzéﬁ an% % g(a%e adbhk A ékpéé’ted i ddunt of dibo-
181.:?')&1@ 389%5 T%e 4é I\Slgg spﬁ_tﬁum Q@?ée WQZ %rbg@v)‘ed a( guartet atd=-13.2
146'B'Y)) £.98, HASETIE derpiy as D38 73ymiA@0IC, VidGokity wasmesasured at 6.9
Peakistikes hf‘@o"l@;o?af%'hma ey 5@, ft)’@fémllepi g@ @gﬁgé ﬁ:I OY = 7.6 Hz),

SR KL M NG 4 R T

2PIBD 82480 (5, ¢ ). Versrhmaﬁj pedlistweraasoke8n ’gﬁar HINMR sp8ct@h due to 4-5%
Vhskessahinewas nmeasured at 7.2 centistokes at 200C.

Exanpl e 6: Preparation of 5-ethyl-2-nmethyipyridine

barane (di borane addition at anbi ent tenperature)

Di borane (50 g, 1.81 nol) was added to neat

Seearhyle 72 eichiyn §§3-e0yREreffipyrifing bofar@iwitio]-octtRE ZA) )
in a bottle at anbient tenperature. The tenperature

gse from20 tg 260C during the di borane addition over
RAGN G AtRliad-2-riviayipyiireebaraee with drockasie (hdrraple ratio of BH; to al-
[ hehe()m tediene occurred 1o a limited extent over 24 hours at 70°C. After heating the

sample to 70°C for 24 h, 8% of the 5-ethyl-2-methylpyridine borane had reacted based on
the "B NMR spectrum. Dialkylborane products were observed corresponding to 14% of
the 1-octene reacted.

Example 8: Reaction of 5-ethyl-2-methylpyridine borane with 1-octene (1:3)

Reaction of 5-ethyl-2-methylpyridine borane with 3 equivalents of 1-octene in toluene
(1M) did not occur over 20 h at 45°C. After heating the sample to 70°C for 24 h, 45% of
the 5-ethyl-2-methylpyridine borane had reacted giving 6% trioctylborane and 39% dioc-
tylalkoxyborane. Percent of 1-octene reacted was 45%.



9 1.9% Boron fusion nethod of analysis gave a val ue
as expected for the anount of dibo rane added, 95.8%

wah@s/348 NVR spectrum of the soi uti on showed BCTJEP2IDE060003
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at d = -13.2 (1J(1 1B1H) 98 Hz). The density was 0.917
g/m at 200C. Viscosity was neatlred at 6.9

centi stokes at 200C. 1H NWR (C6D6): d 0.70 (t, 3HJ =
7.6 Hz)1 1.92 (q, 2H, J = 7.6 Hz), 2.51 (s, 3H), 3.4
(q, 3H, 1J(11B1H) = 98 Hz), 6.42 (d, 1H, J = 7.8 Hz),
6.74 (d, 1H, J = 7.8 Hz), 8.49, (s, 1H. Very smali

p Exksped: ayalrctorsibernt it toctdng id tha\iYBsea off BbdtictiaRi t O

4 5% of free am ne. Exanple 7: Reaction of

é%l-%%&seth%:[ﬁ ri.dine borane with 1-octene 1)

Réa tPo%n g %Oﬂfnﬁa‘:ﬁw PR (U6 ﬁe%@ﬂméﬂf%ptoﬁmbmed in a flask
1-updemerigogel. 3-etipl-€-methyipyrafineBiBane( 1alke nd) mino!) walswelded via syringe
0%@ Moh?%ﬂﬁéra%uﬂe‘ l%te%gthﬁﬁﬁ Q% o%&{/e@ﬂncf‘ ﬂﬁ Fehcfibn E&pﬁmun‘ed after 1 h

o)/
a im?m Sl B PRATorE b6 FHMECpeFioron Batamwes heated t
t H8°Q 2pd NIRiterFicsantinvedBitdl iy thanchaléer B! ddatR0SCwEl% of the 5-sthyl-2-

o s B dTRIIRsRONER wsbmeé%%pf hf(mo}aﬁﬁbsmsleteﬁ%%r%med after 21
E)ﬁaﬁ%jﬁ &Eerﬁ?&%ﬁét@ﬁ 0& E{l!%}@c%%qe Ggg;t trlzcﬁlyorane ppm?%ﬁ% diacy-
WRATane Gt R4 @GW@MH@F&‘WKW BrreUhe drentens was reduced to

1~ootahene in toluene ( 1M did not occur over 20 h at
450C. After heating the sanple to 700C for 24 h , 45%
of the 5-~ethy!-2~nethyl pyridi ne borane had reacted
giving 6%trioctyl borane and 39% di oct yl ai koxybor ane.
Péxerple 6f Chrmnyiehaductat Centpaiitindbyetxanpl e 9:
Hydroborati on of 1- octene in the presence of acetic

o o ST RN NS S N GF S

5H§mﬁ/\warz>q¢muﬂwdpy giflgishn encﬂﬁirrdm@eo 3-E8tyl-g;meti0ylpyrivine twaisne (0.7 g, 5
aggesl) Wafagdgd Vid Syritige o8NS HRRES Alrb6R 1o er@m?é h@&ﬁa ¥&Pof the addi-
Otﬂér‘? fl’tée(gmggr%ltd}g of ﬁ%%ém‘glon I?Tﬂ)?tg C?Cr%urrffgcﬁlbr:ﬁn ice water bath was applied

s 5’@@? ig pring e Wﬁtﬁﬂé’e\ﬁ@wn% &t NMR sisgtcuariadicated that the
megction wag completelgivthgat 9119 Raticofibeand arbhS o ghdndihyddiconol, Of the

799%:@9%%@5:1 I%%bﬁ a?%%%’?: %e%ﬁéméeﬁ%ph%ﬁ}ere aﬁr%ﬁm‘?@éuced The

su
af % n§ spegfrum ydiGajegt 77 P@faf%kr@@l&ﬁﬁtqamnwlrm@w@ts) and 22% (com-
abkgil bpecerehet®8én 0 mnd Qyipbarad aming2eobrdipind o B%e products.
di acyl octyl borane (18 ppm and 4% di octyl acyi bor ane
(31 ppm. The 1-octene was reduced to octane.
Alt the references described above are incorporated by reference in its entirety for all

useful purposes.

While there is shown and described certain specific structures embodying the invention, it
will be manifest to those skilled in the art that various modifications and rearrangements
of the parts may be made without departing from the spirit and scope of the underlying
inventive concept and that the same is not limited to the particular forms herein shown
and described.



Exanpl e 10: Carbony! Reduction Conpetition Experinent
Benzal dehyde (1.6 g, 15 nmol}, acbtophenone (1.8 g, 15

woremBp3@medd acetic add (0.3 g, 5 mmol) were conmPCTEP200TI060003
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a flask under nitrogen. 5-Ethyl-2-nethylpyridine
borane (0.7 g, 5 mml) was addetl via syringe over 5
Mauikes at roomtenperature. At the end of the addi
tion the tenperature of the reaction m xture reached
700C., An ice water bath was applied inmedi ately to
bring tPRIePRAYBRIGKER @ tapigimuleHé) 1H NMR spect rum

i ndi cated that the reaction was conplete, giving a
91:9 ratio of benzy! al cohol to phenethyial cohol. O
t he conbi ned carbonyl substrates, 37% were reduced and
63% r emai ned unreduced. The 1 1B'NVR spectrum

i ndi cated 77% borate (reduced garbonyi products) and

22% (com bi ned speci es bet 0 and 2 ppm of amne
coordi nated to borate pro MAkigH;he references
descri bed above are incor d by reference inits

entirety for ail usefulfﬁurposes. V%il@ there i s shown
and described certain specific structu és enbodyi ng
the invention, it wll be manifest to those skiiied in
t he artwhéraln vari ous nodifications and rearrangenents

of the RasiERMArARnIRESIMIERBUorH @RS bihBecT LONARE C, ~ Cpalkoxy,

spirit and the underlying i.nyentive caqn t

oha thabht 8 08 < e BE R et S b Siof ghsiR ana R are no
forms h@meltanesysiimneid wies & iihaldhetapripositiorseitag pyridine ring.
conpl exes of the formula ( 1) wherein Rl and R2

repres i I om.:each 2 - 5 : -
e i o L i
hal oger® R¥t9P& IY- pr ovi si on that RL and R2 are not

si mul taneously nethyl when R2 is at the 4- or

6- pogi tERMPEorhiEx Qélfd'oirc\ﬂi\#éé% d'léiﬂw% v\lﬁrgr ﬁaﬁéemgﬁ%rgd)hz is ethyi.

according to claiml1, rein onded to

5-position of the pyridine ring. 3. Borane conpl ex

acc of-diBngancocampipxaordihgtoetiaimRy, whereie theydubatitdteRDyiidine is 2,3-

eL hyl . Iﬁtidhﬁ@fz,@!@ﬁ&@éf@a&ﬁyi@ﬁagf lpﬁ}lgdih@,d&laﬁym—%etﬁ%}ﬁﬁi@ﬂng, 3-athyl-2-

the Su%é&bﬁé&r%%xeo %;5—(?1}9{5% ' Sc;H‘ CB-nr "Utll -r'ngt%ylpyridine, 4-propyl-2-

2,5-1utl ORI e Te DY RETHY sy PR e y
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9. Borane complex according to claim 1, wherein the substituted pyridine is 5-ethyl-
2-methylpyridine.

8. Solutions comprising at least one of the borane complexes according to claim 1
and at least one solvent.

7. Solutions according fo claim 6, wherein the solvent comprises the substituted
pyridine used to complex the borane in formula (1).

8. Solutions according to claim 6, wherein the conceniration of the borane com-
plexes is between 0.05 and 6.5 mol/l.
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