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Hydrosilyl ati on Technical Field The present invention
relates to a new hydrosilylation (hydrosilation)

wo e@stsuasd Background of the invention Ketone BCT/BG2006/000288
reducti on by hydrogenation, hydroboration and
hydrosilylation is one of thé nost ubiquitous
protocols in organic synthesis. Hydrosilylation is a
particularly attractive process due to the mild
reaction conditions rehbiyidredilylatione use of

I nexpensi ve silane redugi .agents. Al though
hydrogenation i s wi del ﬁ%%?%?ﬁ‘a ndustrially, it

f aq@s prlisemdivdnitiof 8slates H)Cehne% hyaabﬁ Jrlétﬁﬂlc(hyﬂk@)sﬂahio%‘reactlon
pressure, expensive catalysts, cost of catal yst

recycling. O her [Basksreynrd s|f§be§rwv¢retr@u from
di el R e 1%139?%?@9&&98? hycﬁlb biaBb R R drbSor A ARG }éydrosﬂylatlon is

reducti on dropyrldln reduction catal yze
on@ p@‘éunommt abrﬂgtteusavretogblagm exgaiyy spithesis dbtdsosﬂéda’mnwea patticularly
nsiti t I T
att?ﬁ VePPr’oc%j dgrg tg ;%g@e |1§1’r1J érycg@or% ELIJ ed %}dyt?? ('L:lsé ofi inexpensive
sﬂaﬁhh&udngﬁgmmmelect|V|ty in the hydr03|lylation of

n ounds, but are t.he sane .proble of..
Aot RS T Bevidh e ik SERGERLP it BFesasadvantages,
suap@s&nwﬂre@aﬁﬁgtmgm reth@ ex F&@m dafalpets)@0d cb&rof catalyst recycling.
ef fective org anoca st S drosi Iyl ati on of

Othest prriecoln $0msr4€§redR @%tdﬂfferewarh@édve@tabgﬁ Stgichigmetric borane

o gy e e o Gl g o biah
coﬂ@O‘B ,nunﬁpr Qﬂ@@)smtm/metabv@hplpg@, such as Rh, Ti, Ru, Ir, Zn, Pt, Cu or Sn,

hale & fiﬁp aygcié%xix gh sal yf' @ta%k é{% gi %%gc r{nc the dlgpycﬁéél yﬂu%h cgfncarbonyl

ane he reduci ng - ag
coxh«ipbnatde; duy csHaee ahe beanes p(rdtﬂiﬁﬁs) dfaveta rrmagladg asnchn:ostly catalyst
extrerrelg usf I class | ands for .tr tion net ll &
reg;g@tg}l%p pgtgogu 1S Adyee ed for %Br&ano alysts for
hy@%%i‘lﬁﬁtﬁ&) o@k@dﬁes Bﬁd’lmﬂa@QO 100 39; W A Her r rran n,

ew. Chem_ Int. 2002, 41, 1290 NHC- ne
co rentiys Madkey pledn (%UXCB/&’%@YI: By TuB eé Lhidﬁﬁn‘; Ramler'LOPeZ L.

BeBERREPS BRiighs Pcﬁo@(ﬁv F%' ejrt?@w‘ L& e 1 5. 2606 B @4&') Mave developed
cross-coupl i ng, e ydrogenati on, transfe
pyngtyipm}ehm-patnlyced Iaexmme@m lyrddossly latren righ atmfchl@@ylﬂﬁmt (GlzSiH) as

r%g%crlﬁ% ‘?tN %@terc{éﬁzfgﬁp ct:zlr?{ene's\tﬁﬁ aeVe%th’e? e%ﬁeefsrbn extremely useful

A4S poner hucl eophi organocat a
clabholigande féxardnsttroarmétar capdlysind). Baweissas 0. Guerret F. P. Gabbar, G.

E%agh g’% ’I%a {n? %OEG}%{P 38 V\anl-?errma St, %tn‘tgqui Cﬁem Int. Ed. 2002, 41,
1290). NHC-metal complexes have been successfully used in many processes, such as
olefin metathesis, C-C and C-N cross-coupling, olefin hydrogenation, transfer
hydrogenation of ketones, and symmetric and asymmetric hydrosilylation. Recently,
NHCs have also been reported as powerful nucleophilic organocatalysts. Many important
transformations, such as, hydroacylation, Benzoin, enolate, Stetter, and cyanosilylation,
can be catalyzed by NHCs.

There is a need for hydrosilylation protocols with more easily prepared and less
expensive organocatalysts, as well as for silane reducing agents that are more easily
handled.
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can be catal yzed by NHCs. There is a need for
hydrosilylation protocols with nore easily prepared
w@eeslaEass expensi ve organocat al ysts, as wel | aBCT/862006/000288
silane reduci ng agents that are nore easily
handl ed. Cbj ect of the Inventidn It is an object of the
present invention to substantially overcone or at
| east aneliorate one or nore of the above
di sadvant ages. |t isOpjeéterf tibiention at | east
partially satlsf at | east. one of the above needs.
© Surbrd$ Yo biege of rﬂ}% RIPSSRL IAVeatipn riot subsigetallofovelseme or at least
arhdNRAE LAY of Hl%feeof the BHOVA &k@?dvanﬁ%&c B3 filifler BRLEL! dt WhsPpartially
substrate to product conprisiAg exposing
Sa§€ﬁi§tleaﬁ@m@fﬂldﬂh9msﬁ¢®ne in the presence of a I
carbene catal yst. £ a carbony
compound (e.g. an #gnﬁHggéﬂl&e E‘g‘{&'ﬁé’)“ an imne, an
al daholfir§teaspectaop mmmntlsmamd ds %pr@ﬁdécg fat pi@deyss for convertmg a
or, sone ot her species. The product
o Pt RO RO G P UBRYE (b6 AUDUAI ‘61 e b o) he presence

ofa;rbamaeatﬁlfygtom an imne), or may be sone other type of
uct, The subst rate may be chiral or it may be
ac ﬁﬁd heubstyate may bpa crrhomyl ¢ompaund ke g sansdehare of g ketone), an imine,
h e
oSSR e HARAS, QPSRBT FLETHEN R 0. T
prediict alay t@rﬁjsd}ﬂ ethes 48 vinom cmbynyjrommmdnd or an alcohol) an amine (from
wSH0: GTEPEL AL YT B PR T S L8R B0k may e

achipduflt 8Qy BEOrackfhic.6ll, the Gub&ehte 99 chR4l, dlie 9QUioe 1Bay Boceed with
4 65, .70, .75,

retggtlorb%g &5 £ 1r@§§ %g@eogﬁ)étsrgg S”P%l?ycgqslgggn@y @g@gra}m@ the reaction

matw Shoesad| e&lﬁﬂldﬁ@bécﬁﬁelﬁ Tﬂb"}ﬁbﬁ@d’t oSyl BRrhed with@nf PEMiomeric excess
RcSi H and Rc_are not hydrogen), a

Ofat %@B@W@ér{e O(af leaﬂéibpkytr}ﬂ AOF50, 60470, 8 ), 85 Ra 9¥4d e Rhabout 25,

3025 40045, hmdw%@nks 970, Qst%d 55%(9@'1 ! 9?2!“93(9{ 9%“56 f99r§% or 99%.
RaSi H3, ‘wheré i’s ot r'ogén)’

( s|T+he)hydmﬂarmnay1 e Romnmhyldeosﬂw@ énirthe mrmoukm RFSaH, wlrere R? R®

ndepe 0& lﬂﬁ? %&Q gﬁtﬁf (9511%35 ggl];{ )ﬂmqg R/%ﬁggywﬁg% & @QFI)R‘ are not

hydrogemsoranilihydnosidtel (@Iﬁdhd ﬁ)nlﬁdl@hﬁjs twHerd Rtlis Melyaidgyh) or may be

o) 8 ai ght. chai n or nched, and
si g T 6, 5 R s B smror ERRRL o b e bafhe gmesand one
diffsramnces; dhkidd rﬁléﬁi)l b@al ElcyEI8akaD AhéBbahB erdups and
rfd 1 E@l i ifldeptiieRily bORIGEING: S EN] or h@Bfoass} eroups and may
op'Q@n substltuted The alkyl group may be straight chain or branched and may

have between about 1 and 20 carbon atoms (or 3 and 20 for a branched alkyl group), or
between about 1 and 18, 1 and 12, 1 and 6, 3 and 6, 3 and 12, 6 and 20, 12 and 20 or 6
and 12,eg.1,2,3,4,5,6, 8, 10, 12, 14, 16, 18 or 20 carbon atoms. The cycloalkyl
groups may have between 3 and 10 ring members, and may have between 3 and 6, 6 and
10 or 4 and 8 ring members, e.g. 3, 4, 5, 6, 7, 8, 9 or 10. The aryl group may be a phenyl,
fused aryl (e.g. naphthyl, anthracyl etc.), linked aryl (e.g. biphenyl) etc. It may have for
example 1, 2, 3, 4 or 5 rings. The heteroaryl group may have 1, 2, 3, 4, 5 or more than 5
heteroatoms, each of which may be, independently, N, O, S or some other heteroatom.
The substituents, if present, may be alkyl, cycloalkyl, aryl or heteroaryl as described
above, or may be a functional group, e.g. amine, nitro, ester or ether or some other

suitable group. The hydrosilane may be stable under normal laboratory conditions in the
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and 12, e.g. 1, 2, 3, 4, 5, 6, 8, 10, 12, 14, 16, 18

or 20 carbon atons. The cycl oal kyl groups may have
wheiwsosns8 and 10 ring nmenbers, and may have bRCTEEI08000288

and 6, 6 and 10 or 4 and 8 ring nenbers, e.g. 3, 4, 5,

6, 7, 8, 9 or 10. The aryl dgfoup nmay be a phenyl,

fused aryl (e.g. naphthyl, anthracyl etc.), |inked

aryl (e.g. biphenyl) etc. It nay have for exanple 1,
absé’nceibf pdoi§tired Itrmh&yoise n%&lﬁfshbledﬂaylat 5% }Examplds af euﬁable silanes

.2, 4, 5 than 5. torrs ach
deﬁ?’ bemﬂhﬁ@aélécﬁg@ gy e:)S o 1pheny dchydrosﬂane

(dlﬂl‘l@ﬁﬁ%ﬂ’ﬂfe? nTheTﬁs%r&ﬂaﬁé htay%t @sedllﬁ aRlaBfRht of H@cwcae about 50% and
cycl oal’kyl, aryl or_heteroaryl as describ

ed
150,%@%31«3 agpoumh 9L gibshate 9B meirabasis gTpetwseyy ab%ﬁqeand 100, 100 and
1500 gb ra.ﬂd éﬁé%r an@"116! W%nd)iossgﬁ”%g AR5 Lurtaﬁi%t%(g BOUR, 80, 90, 95,

rasi | ane nhy under normal | aboratdry
96, <96|;u9i81 PANEOA, 0 h&@d Slddc & 04 10fpi 190Ul 20, 130, 49 dyel S0%, eg about

] i.di s C.. Exanpl es of suitable
moff)gﬁ’g?qoﬁ%{)ﬁélbgﬁ%%éen)&ﬁqiég?%ss| | ane (triphenyl silane)
arhd cpbemy batblyyidimagi beanemenil-fibe rqaﬂmnb anellyst.Temay be a stable
hydr osi | an )?%%/ be used in.an a of betwe
0

ab
carbier A LLUR0Y DS SUERMTIGPT PSR, bRt CARY G Tt may be a

met@ﬁﬁb@ gol?fne?i@ CUdehe @eﬁﬂgﬁt I0maP Ge hQfain %ﬁﬁngfb@n&éﬂa caBbbne (i.e. the
0, 90 and 110 5 and 105 or 98 and 102% or

car@@é $entEgs, m@nbe wpthe gapin ghaings theypplywer). Bhe caybeneiqatplyst may be a
non]e'goyymxlz;goutt&l%gt()wgy b%gimn%ﬁ%ncé% lyst IPma %Abg aﬂroh]g%ﬂTéhc catalyst

e anount substrate on
(e. goadmssncrh‘emmmb etegameatiayl psntamywb cheametiqy| heplemeric, octameric,

b | |
BT R TR T —
optiohalﬂlyiyvﬂlhea mof®hadic éatt@l?stp Obtycbmﬂlyavﬁaa lpelyeneriat @kalpdt. It Imay be an

NGRS ¢ %Qeegaqfﬁw BenahiB s dishaiott itidaolipf carbene catalyst

It n¥§/ Bé'@ét}tble 'Hl'&oﬁﬁh lzslnﬁnaﬁoﬂuﬁgtcamm bftafyst) The I@Qﬂb)éﬁ@éatﬁlyst may
catal y ig be a nononeric catalyst. It may be
y

be @u¢lgombelm cIt aeaya by ¢t npdeephilis pebymeeticr ¢arhne; eatalyst. The polymeric
carbel AHRIs: ?naa/ ﬁﬁﬁ@&ﬁa&m chéi mééeﬁmcoﬂﬁlﬂj

Eﬂefocycles Ibmay be a
oct aneri ¢ decaneri ¢ or he
polpmenix togie cbﬁmt Memrommhe mbeglsn@b&ﬂ&@) aﬂtym}s be for example an

B P P Sy ST e, o
triagéliune oarbedd 0lyidikr od 4 befaymidezalivin ambm&qmlf{mEr or some other type of

POLHHEE s (AL 10 f) VS B SEHEE PER thabe proportion of

acti¢8 &i@@.ﬂﬁ tH@éa%élyﬁtrelﬁﬁVe 126th8 Yehsaary ik lbbBvech bbomY1 %9 ﬁn@ about 20% on
nucl eophi | pol ymeric car bene cat al %Q The
i

an@&rbﬁéﬁeObb@%@@,@me 208 rids i gad §ap and RY; H) and 2 5 2nd 13 or 8 and
12‘%,'0%1%%%{‘5&%}1% a nﬂﬁ SERMAELES Prdéﬁ)ca is laﬁm?p 6?3/ 5 6,7,8,

meric man c eterocyc rbene
9, 10t 1hel2, b3, ¥l Sehaid) E8,dR or 20%, e.g. about 10%. The carbene catalyst may

be reused for subsequent reactions, commonly as a catalyst in subsequent reactions. It

may be reused once, twice, or 3, 4, 5, 6, 7, 8, 9, 10 or more than 10 times. The loss of
catalytic activity of the carbene catalyst for each reuse may be less than about 10%, or
less than about 8, 6, 4, 2 or 1%. In this context the loss of catalytic activity is given by
100#(1-y2/y1), where y1 is the yield of product from a first reaction and y2 is the yield of
product from a reaction using the same conditions as the first reaction but reusing the

catalyst from the first reaction.
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i mdazolium (or imdazolium carbene polyner, a

pyrazol i um car bene polynmer, a triazolium carbene
w@eiopie15Hr a benzi m dazol i um car bene pol yner PCT/SGII®6/000288

ot her type of pol yNHC. The carbene catal yst nmay be

used in an anmount such that 4he proportion of active

sites in the catalyst relative to the substrate is

bet ween about 1% and about 20% on a nol e basis, or

beThemcabm Wi.e.lthansodds of twéh\&ntﬁn)anﬂyz&, crluated ia0g solvent,

5. and 8 and 12% . and. ma use

whiZh BFFoE it Sl O P IBreP B 08 Ol B miore OBt s0bsy ey hechydrosilane

and/the art®ne Haialykl In lsdmeledabolifmerts, thd @arbkhie catalysﬂ& BEoluble in the
20%. e.g. about 10% The_car bene cat al yst

solyead €¢ ticoparbenssexialsvit fupetinns asris hefemeenruy f@éa%&st In this context,
“inSAGREY RiatkStcSd! Qﬁﬁﬂﬂ?‘\%h&@%ﬁﬁ 'thﬂ?ated §ol{ﬁ§c¥1 z?ceché RlSRehture used in

once, tw ce, nmor e 't han
the r@oqesmdcss'ﬁh@ Az Lo, mtl@Byhmlm@t Dsjl, 051 6405tdné) 01mM based on

actqg g ? getssg II%( ﬁ%‘ﬁ; i (f‘l% gy (%Iﬁ%x)é cgﬁl)}ﬁ?iss at ‘i«{&gt:})sa?tk?aqw soluble

in th® B\dilee{ﬁt Th@sdloaﬁ nody bfeaat pidlansobfeat: it} may Ye ias aprotie mol‘yynt It may be

incipt o e inEOH A by droriLant i 5 degrat O HBdatEnS PRVE- Suitable

SOlVeR@ALt | QHcluéé ng t%t'i%yﬂﬂff&raﬁond(l‘ﬂlpﬁs apl-tBByfplyi Ildone (NMP),
_reaction but reusing the catalyst fromthe

(B4R | Bimnathylaulf RESLIEIEN é\pxqughylphosphoramide
HM?)&gntHeQQ&le ?hg%h%mu‘tﬁﬁﬁ EN( m&ved?éhloﬁgﬁ{e%ngaychﬁﬁofonn,

1 vent or sol vent or one nor e of
tollEub,SEtcﬁEimdrllet, tréchhyrdetbariel armeixtimels efanydamobsmeore dberegfs The reaction

I
maY r?e t c}?gﬁtslgtn&’ 219 annPiHéé a}%&%héé?%e gglctlg %&? ya?lg?nualo {l%g é&gjslﬁ neon,
argén bek ﬁ’fm@lemebajgf twatoa In}(ﬁé of thasd. i may be t:mdu,ctedlanmﬂrm tengperature,

relates, to a sol ubi er.e at ur at d, sol ygj.on
or HSopicbE S BPERINE (7S SHATE bRBvesn qaubD Al h8E HHhGoS: between
abo@b@lahd HON 2 30, Dmd 2020 aﬁkpwto zﬁld55 1@ a'hd 5@ maﬁ 56) 3©Iaﬁﬂ/lso 10

based on aCtIVG carpene Si

andi4{h 18 08 Seorcit andy A Cj a8 a%bopég»sft 1[9a|1§=| %9 I29 %Q)I3ébl4% 43n0r 50°C,
or 1555‘?13% gl'e\c’d%? than ﬁﬁorsl@s\fﬁem 0°@35fh9 ?ea@tlglghﬁfe witll & ?Qﬁd ?ﬂ the nature of

an aprotlc sol vent . |ncapa
the rselamata; thenarbenelvetalyst sk ihe éwérqsﬂanm enpor therreectiph teiperature. It

N

carbhﬂ&edaltalyitcahﬂhmtﬂe hiy@kilanednniaé Bylvend. fToxiagtefof Bkﬁ@}p],e be between

abopi § S ABT IR HP Oy LR B etk s and anD ol e h B g Do, 1 and

50,3GRHB0L, 1 ahd 20, 1 £AdCTU, Q0 @8d BN 4d 0, xwﬁ@ao off5 ai@BOt 20 and 28 or
or nore thereof. The reaction may be conduct ed

22 pakin BTGRP Bbgit Tapt b dhen . ZebisonOdl byloqas. 18 31, 22, 23,
24, @8' 26‘@7 %0@9 R §9BE0RY Y JTX 4 6500k 5 agYy 6f5W?o Ofs, BBI €, 20, 95 or

ey bé condiuct ed at room tenper at ure,
IOO hours or may be more than 100 hours. The process may comprise separating the

product from the reaction mixture. This may comprise filtering (particularly if the carbene
catalyst is insoluble in the solvent), chromatographic separation, evaporation of the
solvent, fractional crystallisation or some other separation process, or may comprise a
combination of such processes.

The concentration of the substrate in the solvent may be between about 0.1 and
about 1M, or between about 0.1 and 0.5, 0.1 and 0.2, 0.2 and 1, 0.5 and 1, 0.2 and 0.5 or
0.15 and 0.25M, e.g. about 0.1, 0.15, 0.2, 0.25, 0.3, 0.35, 0.4, 0.45, 0.5, 0.6, 0.7, 0.8, 0.9
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or at sone other tenperature, for exanple between

about 0 and about 500C, or between about 1 and 40, O
w@p@seisH and 20, 0 and 10, 0 and 5, 10 and 5PCT/2G2006/000288

50, 30 and 50, 10 and 40, 10 and 30 or 20 and 3Q0C,

e.g. about 0, 5, 10, 15, 20,525, 30, 35, 40, 45 or

500C, or may be greater than 50 or |ess than QOC. The

reaction tine will depend on the nature of the

or INMYSrIs8hR, othéiesiablRenRcddtadibly,Sdepiding He pgaydsio del @hebility of the
and on _the reaction tenperature It may al so depend on

sulstraterpad thedhysiostiaae Wolhg epfening t he concentration of the
su lTﬁ% g s &chﬁﬁ‘f‘éﬁ%@s&@ﬁ@& Y@Ehefjﬁg(ﬁ&rt withes V¥R gtk 1688€75% on

int vent for exaéga be between about 1
a nzoler lzasxsuor atdeash eb,@vé 80095 99 Reetd, XoB’ o5 9% dyieldoThe rpaction may

be Bfbos g a1yt et bigh onlys 3078 93854, 7 o5

99 an dOC% IirméZyZyiahlch ffigle puodsict, foo mayxyieidl reomisbant oidg p2dug, e.g. 2, 3,

4, g ©r n%e ‘tl?p 5 ngdgugglq’gﬁ %‘ojt%@/l%g()o]isfgg 861&1%1%}@)262 8(? s%rbbefi above. If

mop® ,tha@looneGﬁx;odﬁ& is frod@Rd, &rh i90epRdeiity 2 dromag nodbe produced
be nore than 100 hours. The process may conprise

en%’é‘ﬁ&?@(“l"’ﬁ‘é’ %Srﬁiésﬁﬂbééﬁé’tle}‘ romthe reaction mxture. This
may, %ﬂ”&hb&ﬁmfehi ttlﬁa"ré Ng drb@htd QUbASdeYs ifbr h?&ro§ﬂ‘§l§’tﬁ{ge a_carbonyl
cata I's insoluble i'n the solvent), chromatographic
comp qrmrlsnwaﬁpmsmgu wif edrbensd copIpPEng o farmifmérmfaparbene and a
I a r h a
hy bl RAPHARO AT, B BERRE ShyAOSBIARETRE @ carbonyl
compoveint Thd hydroerﬂamehaay bbshiralt dt maytHeea shirslealkoxphydiveilane. The

chiZ s ox gy 5 oot by iy BRLIGHGIRE W g iy drosilane

in @16 ré3ende. olfa R &vbere. The pkﬂsbmbna cérbeﬁ)a dded Ok tZrmmg the chiral
5,.0.3, 0.35 0.4, 0.45, gl’é 0.8, 0.9

alkpigg oSBT T bR OF GHIFRY ﬁhsrpolﬂaﬁré% giehgns poed for

hytﬁ’t%ﬂ 125hdt 48 ci?ﬂdﬁ?l Lbh¥odll. ThE chiBsiiketyhyanRilhdemay be separated

ydr03| ["ane in the solvent. The process nay convert
beforreitdutrasted veith thetcarbopyloenrenounils er may et be sgpagated. digtinvention

alsé %@@@esaagg%hglg \gk?e‘?lgré%ie% e@g pk(?%gé of"ﬂﬁ’é%mﬁ@dlm%ﬁ% T8 product may

t
beagpﬂ?ks';?ilyfibgieyé aqgamﬁheaegch@mg%lkyls;u;g%;nleog yi e| d of
abou ,
el el e BBt RaySra i RrdBHiankpacono

coﬁﬁﬂ@i}i@texplﬁsﬂgf%ld ?a.cllcdml 30 04 p@Dﬁﬁeﬁd& aﬂr&ngregdlugt Bydx&’i‘ihne The
tota |1 e 0 pro ucts may S esScCri a
hydgpiaeHRY ﬂ%aml%q;ctdw drip P&da%%ty drosilere- Hddp efﬂacgm jiy a chiral

(as Ric)BIOHAL Lthd FeaBl HIHGES PriREN WidSA 184t M@l redéhtion of chirality
escribed earlier. in an enmbodiment there is provided

(e.g g lessieahout 3%, 0y 3P.0H), B X0 6Ag7(h 30aPBSyar 99% retention of chirality).

The invention also provides a product when made this embodiment. The product may be
an alkyl silyl ether, and may be a chiral alkyl silyl ether. It may be a silyl monoalkylether,
or may be a silyl di-, tri- or tetra-sﬂyl ether, depending in part on the nature of the
hydrosilane.

In another embodiment there is provided a process for reducing an imine

" comprising exposing said carbonyl compound to a polymeric carbene and a hydrosilane.

The hydrosilane may be a dihydrosilane. Alternatively it may be a monohydrosilane, a

trihydrosilane or may be tetrahydrosilane. The invention also provides a product when
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conmpound conpri si ng exposi ng said carbonyl conpound to

a polyneric carbene and a hydrosilane. The process may
wheooa3asymet ri ¢ hydrosilylation of the carboPgl/$G2006/000288

conmpound. The hydrosilane may be chiral. It nmay be a

chiral al koxyhydrosilane. The chiral al koxyhydrosilane

may be fornmed by reacting a chiral alcohol with a

di hydrosilane in the presence of a polyneric carbene.
maflkypthisyerebodiment: Theeproded nhayr bé en minrige,tfoe estinplel a primary or a

algoxyh drosilane may be the sane as or different to
SCRK! mg@PéW%ric carbene used for hydrosilylating the

car bonyl conpourBlieflbes@ipticrl ofittk®o Dyawdhigsi | ane nay be

separ ated before it is reacted with t car.bonyl .

c oo BaTated St of i BEgeat dreatonHAT pRY it dessribgelshy way of
an RESMpIE D81y wih QEfeEdn WS the HBE I y Il QIr DN RS $heRin:t hi S

_enbodi nent. The product may be an al kyl silyl ether, .
Figurel 1 shgwpa reactipn sehiemy shpwing p proteqal &or. the gsypwetiicr hydrosilylation

j : i | .a process for

Ofﬁﬁﬁ%sﬁghgﬁﬁﬁg&%é%e%ghwgﬁ&glénpri si ng exposing said
Figire Gheltowsotha gioiciurey of pobr-imeidezadimch saltsy Hraystdrbene. 2 Tadicles, as
deh% r(gﬁilane may be a nono-, di-, tri- or

YEr ffa’%si | ane. If the alcohol is a chiral
Figas Bsiiwsi £ reaetionyohemé Her pelgdHGncaalyzqdr betems hyilfokilgation by
.least. partial retention of chirality (e.g. at |east
dpheRVIsIE; 30, 35, 40, 45, 50, 60, 70, 80, 90, 95 or
Fif R kR6 WS pRBoSId héibaaisht 56} pol EHC YRR Re@hs ﬁ%drosilylation;

provi des a product when nmade this enbodi nent. The

Fighre d shewhaeapiéomnishaimr yor raly-){HG eafalyzedimpingrhydngailation by

-ghirah..al kyl silyl ether. It may be a silyl
dlﬁrr%{nl%lgﬂlﬁl ether, or may be a silyl di-, tri-

or
Figue 6ashoivs yal reattiver schempeod poky-IWHCpeatalyzed tilage mkohokcaidensation

he hydr.osil ane. .|l n.anot her enbodi nent there is
ané?mgtgcgeﬁg%g%%rgsx}}g?n?nerga%}oggg%dn i mne conprising
Figut 05 ishgvs al propasedomethandnimp dun golyeNBI (P ehighyeed dket@iebasymmetric
nd,.a hydrosilane. The hydrosilane may be a
hyg‘ioﬁﬂl/g'f‘ ‘lane. Alternatively it may be a

monohydr opitaaed. DésdiiptidloPahd PRFefled B¥ibbBliments
tetrahydrosil ane. The invention also provides a

pr déa cerbapreenteln usyd ithths pevssRidiFEntion mAYebesR sighletcarhepe catalyst.
It 12?3/ ﬁg .sﬁgfreiqgl‘glexf rmfal %B{a%org foB{lglgB%éf Ipﬁia%‘gé %&%W@Bf/ beuag stored at

Scription aw n A'preferre
abewtPS0C ferat lass tan@5HC esgreboitrRe At Hh Swirl0°Chinvhb ebsence of oxygen

ib f | ] . ..
and G Tor sty nE i R IBE a2 B § o) SiffiCigpicant
degradationoRigaifivantdeghulaiiog irathiy oheOmaf oefet toea lasyofitatalytic activity

h ilylati .
of g%le%{e?* %Illanyab%atl 10({;%, or greater than about 5, 2 or 1%. It may be sufficiently stable

that the reaction of the present invention may be conducted without generating the

carbene catalyst ir situ.

Embodiments of the present invention involve three novel and important processes
catalysed by heterogeneous poly-NHC carbenes: '

e hydrosilylation of carbonyls and imines;

e dehydrogenative condensation between a silane and an alcohol; and

¢ asymmetric hydrosilylation of a carbonyl compound.

Each of these processes involves the reaction of a hydrosilane with a substrate in the

presence of a polymeric carbene catalyst.
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of ketones according to the present invention; Figure

2 shows the structures of poly-imdazoliumsalts 1 or
w@aooBesmsL particles, as described herein; Fi geeBSG2006/000288

shows a reaction schene for poly-NHC catal yzed ket one

hydrosil yl ati on by di phenyl s7l ane; Figure 4 shows a

proposed nechani sm for poly-NHC catal yzed ket one

hydrosilyl ation; Figure 5 shows a reaction schenme for

poThus\tile abbtity 2oy beianeadbyalylosirhyduatij an ibyne or an alcohol. The

di enlsila ;Fi ur sh areact onsherre or .. .
car ilj : e%eg qu Y8R §la& ggine, gpjan aldimine.
ThAMIHBL fn!a9 H%eb%&gh)ééé@ﬁbiﬂhahh@n Heﬁﬁsqw 6N aroaitlicFTAY I @rbonyl

7 shows a_propose chani sm for poly-NHC catal yz g;l o2
COTRRAUHH NG bwtmcelrﬁ%%@@)% the m}ne meayhave gtructute R'C(=NRR
and%%capéot%l Ridy glfa vd Qt?uc?ﬁr%fE@WRQCWﬂgﬂﬁ?é]EﬁucTﬁ%s Rarﬁbﬁﬁd R3 may,

talyst used In t he present 1 nvention my be a stab

indepandentty, batkhl alkyl, CY‘IIO?IH‘WI befleqr ébteeoamdgpummtnay optlonally be

s RN FO U005y o 0 8 AR s B g e

and2(? mkEmbeis) or betwweeB3Cndi 12 tﬁhmchb};ehmﬁi 85 anxd/§er Samdl 7 members

43 G5 B R nE0R i Bk, E22 ot my e

het§to8tdnis, €3N0 SENT Biitel @Be b ah Al@hEP R eRt’- aR@R> edyesll be jéined to
| oss of catalytic activity of greater than %bout 10%

forgra Gicyahie pystaranhgobigyclic systesp may, have begyy out 8 and 16 atoms.
Som¥ b iR 40k Ye. gtlabé 9 era&f &,@%t&ﬁgg%mb Héteﬁoaemgr @%e@tor N. The

I nventi on be conduct ed generatlng
alkylagioep ena;abew@ghtu ¢haigi ou bragekeskd iand meay hﬁfvetbﬁ-‘éwﬁﬁnem 1 and 20
n t v
car% gtlof‘ns gar aﬂ&%&? Z?ro%ﬁelﬁg%%g a?lé{l%?mn&%e%@% AVoBCFARE IS, 1 and
12,hyﬁrm|3| addaﬁ,anddQ éandbanylzsamim o6 meb]2, o 1,2,3,4,5,6,8, 10,

hydr qge ti e atl etvveenas e nd
12,30 S BB 5k Hsh s CeORePE Oy 10 tin
mefBERO R Hma fﬁﬁ% B?eftwééiﬁ@ and 606 86S €6 ot ﬂ\éﬁH\BQﬁlgtlh@mbers eg 3,4,5,
reaction o drosilane with a substrate in t

6. ‘briedeticld- dhe a%lle% Py m@‘rlﬁ)vék&la&rewe&hm’@qte%t@@&(ﬁe ether, amine
funSHOSH 'i)‘f)t ?I_Il_ﬂgbﬁd Bfoup 4 BODPhetAMRRED Syl &l I HEbRBYR anffacy] etc.),

alco
linked aryl (e.g. biphenyl) etc. It may have for example 1, 2, 3, 4 or 5 rings. The

heteroaryl group may have 1, 2, 3, 4, 5 or more than 5 heteroatoms, each of which may
be, independently, N, O, S or some other heteroatom. The substituents, if present, may be
alkyl, cycloalkyl, aryl or heteroaryl as described above, or may be a functional group, e.g.
amine, nitro, ester or ether or some other suitable group. The substrate may have one or
more than one (e.g. 2,3,4,5,6,7,8,9 or 10, or between 1 and 20, 1 and 10, 1 and 5, 2
and 20, 5 and 20, 10 and 20, 2 and 15, 2 and 10 or 5 and 10) carbonyl, imine and/or
alcohol groups (e.g. may have more than one alcohol group, or may have an alcohol
group and a carbonyl group, or may have an alcohol group and more than one imine
groups etc.). The carbonyl compound may be a polycarbonyl compound. The alcohol may
be a polyhydric alcohol. The imine may be a polyimine compound.

Hydrosilation of the above described carbonyl may therefore produce RIR*HC-
OSiR*R°R’, R'R*HC-OSiR*R*H, R'R*HC-OSiR*H, or R'R*’HC-0SiHs, where R', R%, R?,
R® and R° are as described before. Dehydrogenative condensation between a silane and
the above described alcohol may produce R'R’R’C-OSiR'R’R°, R'R’R’C-OSiR'R'H,
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carbonyl may be an al dehyde or a ketone. The im ne may

be a ketimne or an aldimne. The al cohol nay be
wW@eris@B54 secondary, tertiary, benzylic or ar OPElL/8G2006/000288

The carbonyl conpound may have structure RLCC=0) R2,

the imne may have structure8 RIC(=NR3)R2 and t he

al cohol may have structure RLR2ZR3COH. In these

structures Rl, R2 and R3 mmy, independently, be H,
1RiRFZQlOSIR§HL 0ﬁRkBﬂR3Ca®Sngowhbmt rh @& R°, ®t, wmdatfdamay described

t al | bs |tu an be. j _
betile: HYArasiiftiad o e Somb aeri ke ve Betnech SHASARS: where
R., mélmgl}é,ar@ﬁs&@@ﬁ&arbeﬁngnd 12, 6 and 12, 3 and 8, 5 and

8 or 5 and 7 nenbers (e.g.. 3, 4, 5,6, 7, 8 9, 10, 1
1 bhe nglymerp garb éne 3% capBmise @étegocyszhc groups,gnd /) meggmppunit of

[

the %%‘ﬁ%%‘”a@%ﬁ% } BT Prgb oy G LU ERRE e Bhuf KRl by a tinker
grogyy. Jhoe wxaniple atauayldb polysyesicenrheny rrtaa{\l@vcjetmvémn Labout 8

and 16 atons. Sone of the atons (e.g. 1, 2, 3 or 4 of

the atons) nay be heteroatons, e.g. O or N. The al kyl

group may be stfrai ght chain or br3dnched, and may have

bet ween about nd 20 carbon .ato (or 3 and 20 for a

branched al kyl NﬁT\ OfR'baj bout 1 and 18, 1

and 12, 1 and 4, 0, ndé 6 and 20, 12 and
20 or 6 and 12, e.?. % (3"3 .

B : 6, 8, 10, 12, 14,
16, 18 or 20 carbo atons The cycloalkyl groups nay
have between 3 and 1OIr|ng menbers, and nay have

In sgmﬁvveef‘ 3. ageprebsént§ elatger 35133%65% fga %Ellﬁ 8 QHQ; l'g{eln 8FS= represents
a dowtie oshiyhubotiasns ETRY Chae Z1at eh0picall. Sebgiuctia] B, C and D,

am ne functlonall The aryl, group. may be a eny
andg i prgseqpt G %épwemach a%flmgealé?q?ﬂyetbé laydrqgeﬁk%a Silbstituent

Whﬁfﬁi;l. n&ﬁyglro%hpf'ﬁ&wn}%eihge pehbedtRY bB AN 8rdoBH, a?ll%@@%estﬂmcht chain,

rmn

het er oary ou have
bragched chmn C yeloalkoTe sty .o Hhots, GupkEL. el Gi P, chloro),

het‘%ggr r é% 8ﬁﬁqgﬁh®q-? %Sﬁ?ﬁ&el h ral%(h?‘r thﬁ’g’sen@l Qﬁg mgdazolyl), alkenyl

(e. @Iethy:hyl (ty@lr@qirkpdnyl)aal}{ynyif(elgeethynﬂ; yi oﬁbpdn@ypyl; bed- or 4-but-1-

smsf 5 4- BBt e Poretonts o B oBieRe o BV G g if prosent, B

F, Cf hﬁdSZJ hﬁ&fb@t ael ﬂi&)/saﬂx@VSr Qﬁﬁe of alloh&y bhAFfRaA. Tﬁe glkyR group may
or betmeenﬁé and

havg@:et\qeegmyogt 1 Qndaﬁtepué %(r) cgrbgﬁdat%s (proviy t}g@ Ccy! 106{}{ rzgrg:ﬂed alkyl
03 saﬁ‘cg/e]a@le%t PcAbsh étgx)nsf o IBQ(\‘OQen abfﬁltnlear@v‘ﬁ qranﬁ'l@‘)h%d 6, 1 and

ave nore than one al coh group

i ooty B A 50513 616 R0 o0 1210013 en s, by 25 A 6.5 Sy 10, 11,
RO AP T RS S8,
isoropydo dndr 2:ﬂuq'l,aﬂsohlh3d temebutyl, cyclopentyl, cyclopentylmethyl, cyclohexyl,
cyclohexylmethyl, methylcyclohexyl etc. The substituents may be optionally substituted
(e.g. by an alkyl group, an aryl group, a halide or some other substituent) or may
comprise a heteroatom such as O, S, N (e.g. the substituent may be methoxymethyl,
methoxyethyl, ethoxymethyl, polyoxyethyl; thiomethoxymethyl, methylaminomethyl,
dimethylaminomethyl etc.). Substituents A, B, C and D, and, if present, E, F, G and Z
may each, independently, be chiral or achiral.

Any two of A, B, C and D, and, if present, E, F, G and Z may be joined to form a
cyclic structure. Thus the rings of structure I may have fused or spiro- joined rings. For
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be a pol yhydric al cohol. The imne may be a pol yi m ne
conpound. Hydrosilation of the above descri bed

W@ 2008089154 may t heref ore produce RIR2HCOSI RaRbReCT/SG2006/000288
RIR2ZHC-0SiR R H, RIR2HC-OSi R H2 or RIR2HC- GSi H3, where
Rl, R2, Ra, Rb and Rc are as @escri bed before.
Dehydr ogenati ve condensati on between a silane and the
above descri bed al cohol may produce RIRRR3C-CSiR R1 R

examplRARSCS- %pﬁs&ikﬁa%’iﬁ@%ﬁﬁlﬁﬂuw Eo(or Rb2EBEr HAH 198 substituents

ere 3% %ﬁ and R are as _descri bed before.
WV@V‘F;%BF SOPBS C@Fb%aéo A Brolairgdoodionm; y evdlerenbi oelisdehexyl or
sofeCHh&HR T% Rivagy €asBhwhdrg Andd 13 t6ine aﬁ%’ %j}%ﬁ{y'l Y, this would for

bef or e. e polynerlc carbene may co
exXpRplsrigEpa 13- dgqrza@m@ éh@nalmﬁmtm Altgrpatitely, Heand B (or any other

palObY Ebéthu&RE bqgfé ﬁts Earb a%m%()h ?nql}egg rf%ﬁ%éﬁ' L€ form a

groups | oi ned roup or e
cyslopentipl, eycglohtwyb pi mrmaothalmgmn{ tHeaoage whech aﬁdaBIfornh alcfclopentyl

pres ei t.her
i OHF S0 B Givmntt R0 R BBt ol S008% Btra s futher, if
=S bstrésetiz Sin@e tlond, GAamd IZ((&re&lyrmheer’aﬁs(ﬁTﬁubstltuents attached to the
Subs [ nts B C and D,  and, resent, E, F, G
a&’ H‘ﬁ\?‘n@éﬁq?y IPPIGEE Aduiele §ubsgg1eﬁ W’é?@etﬁ %ofing carbon atom by a
do&b[l@iidnﬂu Fhbs YH &J&rﬂp?e fHat pd’l%ﬁél‘?&)@}&‘bﬁﬂ@ gﬁéyrﬁ%ﬁ(/e ancture Ia, Ib or Ic.

i ndependent |y, be_ hydrogen, alk
Thopg pllled, rﬂaﬁ]é%éﬂ willaicadily: gppreeipteythpt o@ﬁwmmtsgaremms@olq and are
infARAAYA scoBbl R diftigurd! OO, €N OTO), heter oary!

(e.g pyrl pyrrolyl, furanyl, furanyl methyl,
thlofuranyl |n1da7olyl), al kenyl (e.g. ethenyl, 1-,
OR 2- ropenyllk\ kynyl (e.g. ethynyl, 1- or

- propwrR — R—or 4-but-lynyl, 1- or 4-but-2-ynyl
etc?) gr sone ef, substituent. A B, Cand D and, if
pr G nJIZ maybe all the sane, or sone or

al v nayKbe &iffednt. The 8 kyl group may have between
about and about @O carbon atons (provided that
(cycllc or branched al kyl groups have at |east 3 carbon
By, o . bet e about 1 and 12, 1 and 10, 1 and 6,

aMd 26’ 6 and 20, 12 and 20, 3 and 12 or 3
_and V&p (} B 4 5 6, 7 8 9, 10, 11, 12, 14,
16, 18 Bor ZOCcar n atons,_and may for exanple be

neghyl ethyl, 1- or 2-proByI, i sopropyl, 1- or

[2- butyl i sobutyl ,qtert-butyl, cyclopentyl,

C clqpentylnethyl, cycl ohexyl, cycl ohexyl net hyl
_gkohgx?*N c. The substituents may be

opt\on ly s bs%%t ted (e.g. by an al kyl group, an

\

AN

oup, or some ot her substituent) or may
con‘?‘prls]eaKeter atom suchjas O S, N (e.g. the

substituent may be net hoxyr(r:et hyl ,
In structures Ia, Ib and Ic, J, K, L and M may 1ndependently be =CPQ or =NP, where P

and Q are, independently, as defined earlier for A to G and Z. For example J, K, L and M
may, independently, be =CH,, =CHCH3, =CHPh, =NCHj3 or =NPh, or some other suitable
double bonded group. As a further alternative, if == represents a double bond, the rings
of structure I, may be fused with an aromatic or heteroaromatic ring. Thus for example

polymeric carbene I may have structure Id (optionally substituted on the aromatic ring).
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met hoxyet hyl , et hoxynet hyl, pol yoxyet hyl,
t hi omet hoxynet hyl , net hyl am nonet hyl ,
walremsoboaban nonet hyl etc.). Substituents A, B, PCA/8GZH0&X)00288

and, if present, E, F, G and Z may each,

i ndependently, be chiral or Hrhiral. Any two of A, B,
Cand D, and, if present, E, F, G and Z nay be joined
to forma cyclic structure. Thus the rings of

tructure I may hayje fused or spiro- joined rings.
Forexanple if -.- rlepresents a single bond, A and E

& aﬂy thEuN1ﬁﬁN' f substituents attached to the

sa c rbon atom y be joined to forma cycl opentyl,
ycl yl or

E f cyclg

al, I azaspi

xe-ot her ring. In the case where A and

Myl ring, this would for exanple form

of 4. 4] nonanld structure. Alternatively,

A and B_(or t f W t s
RRomR g Ao 16 Bl R R fo RERRE HhRE B, TOGIPR: by cach
indepehdeRENt b a rigit linkexgtbupor Brambeat har-rigidng. sehri-rtgixé linker group.

case whe and B form cycl 0 entyl ring, | d,
Sustable o f Igéf‘?fr §1QUPS 3 CBE% [%rogps@] 5’8 eé?laéomatlc groups,

cy§lb£l§f5HaH€ rodpd! biedbly lrifgld' alk@ﬁsezﬁﬁniditaalysmgl@ aﬂkimw dSuifable linker
E (or any other pair of substltuecés attac

gf‘WPé incinde mtrq@@Hy étlbmtutﬁgyﬂ),eg (6o gthenediyly, Q}Qpen dly? 2-butene-
2%8&@“ 212591 (Qicnegy n%f? RS %9” Rkon pﬁe@zﬁdwbl Caryl (13-

for exa e the p nerlc car béne may
phetylerss, ut g-phenylebe.orl,3-vaphtinders, slh4l~m8@hth}’iﬁrleh el ,arrxapkﬁhylene 1,6-

b PTG oo ShIShtr T E phosphh o, 26

pyrandlyd, 3b5pyefolsdiy),l ar dybloalkgﬂ liakerJgrotps (e @nlja-l\tlydaxxexanedlyl 1.4~

BRI PG S R ) B gt moniei

or %@ﬁn-ﬁéﬂf’ﬁﬁl&r\bmﬁs incRide -(EHPY-, Whege pe diedtivesn 1 @d=Bddt 10, and
or =NPh, .or sone ot her SUIta? f
thefoubie bp ontiedalfy supstitatsd anelior tiched @ nlorsfaanepl. 12- or 13-

pré;%ﬂ%@g? s 3,3d°i‘ Bl &r BANGhtaddagy1r Qﬂﬁlﬁhﬂfbu%én'éwll-'dfﬁ cko. The linker

wi t’h an aFOITHtIC or heteroaromati C rlng
gréﬁlpssmﬁsobe epamllev swlstymdu (e-gc by baredkyl gveyp, #avasyl group, a halide or

soﬁ{er%{getaruﬁrjjl g’rlltll,lﬁ%c? rgf?(l:(lr%fplgslé Sflét{%l‘&l%%a 915&515%06‘%0 @é% a suitable
lidkie Eﬁﬁlfbgﬁ@u bs -CHz@KﬂHzR' -G FHC L nd}}b@:ﬁlﬁ(lﬁl-@ (ﬁlzDCHz)p @

bebiehed gyt P Ty BN oo BN s

et @, onatic groups, heteroaromatic groups, cycloal | phatl c
groups, suitably rigid al kenes_and suitably rig
al k'EIWeBOIYIBSTIt? @Bxb@np ITARE P dr SRS MGTc f-6d 812y p‘iqni‘i?%ﬂel %ﬁhef monomer

unZt's‘Qﬁ A Ehngegf %hg;?ﬁ} ¥l Sﬁn%u‘ r?)ettllihe&.ﬁ%.hbfﬁer R&P E@rﬁFhsezoﬂy Yone type of

ene- et hynedi y
mpmoyrivadiiy [ag sbwn Zn 3tryctgj;e|1 oHr may| gompgisg 2, @prgnore than 3 different

types of monomeric unit, each of which is as described above for polymeric carbene I

(and/or 1a, Ib, Ic and/or Id). The degree of polymerisation n may be sufficiently large that
the polymeric carbene is insoluble in the solvent used in the process. n may be greater
than about 5, or greater than about 10, 15, 20, 30, 40, 50, 60, 70, 80, 90, 100, 200, 300,
400, 500, 600, 700, 800, 900 or 1000, or may be between about 5 and 1000, 10 and 1000,
50 and 1000, 100 and 1000, 200 and 1000, 500 and 1000, 5 and 500, 5 and 200, 5 and
100, 5 and 50, 5 and 20, 5 and 10, 10 and 50, 50 and 500, 50 and 200, 50 and 100 or 100
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phenyl ene, 1, 4-phenyl ene, 1, 3-naphthyl ene,
1, 4- napht hyl ene, 1, 5-napht hyl ene, 1, 6- naphthyl ene,
wa 200803184 hyl ene, 1, 8- napht hyl ene), het eroar yl PEESG2006/000288
2,6-pyridinediyl, 2,6- pyrandiyl, 2,5-pyrrolediyl), or
cycl oal kyl linker groups (e.fl 1, 3-cycl ohexanediyl,
1, 4- cycl ohexanediyl, 1, 3-cycl opentanediyl,
1, 3-cycl obut anedi yl ,) groups. Suitable non-rigid or
and 800 -1 ingy te hbatk &t 697,895 10,nS| 2@l 0; ¢CHD) oY, 700361 20,00 150, 200,

e t be Qpt i onal
253etslh el EreEp Oy soParch Bfo. DO 156 ol Rt odfrate
or The35olyNIICAASH bohventendy ,be]méﬂe, frdmAhe @brresponding salt, e.g. halide
2, 3-but anedi yl, 2-net hyl - butane-3,4-diyl etc. The
Sdﬁ nker groups may be optionally substituted (e.g. by
N Blek¥ibetd ?&iﬁysﬁﬁ ysaf)é’ b sEbRWRzoBuRGbE Hﬁd%olﬁlﬁi%afﬂeﬁ@ Eatalyst It
substltuent conprise a

het er oat om such
mdy Kavegtablilising gedipe ohithk diazefiwny ,{prnaydqz@hu@mzw@r exampfe on one

o PR sy ORI T R AP b

havEs2NQRBYICH2- , - CH2SCH2- etc). The pol yneric carbene
may be a copolyner, i.e. may conprise other nononer
units than .those of structure |. Simlarly, the
copol ymer may conpri sg?.0 ﬁngbtype of nononeric
unit, as shown in struct may conprise 2, 3 or
nore than 3 different ty s\of nmononeric unit, each of
which is as described aBgyepBor polyﬁprlc carbene I
(and/or la, Ib, Ic and/or Id) The degree of

Wﬁf% WIES i @&hHCIg alfe ﬁ@)ﬂeh@xb&?ﬂ fe&l{lﬁt it fit%lchﬂe lgE £Hatrepriegents either a
lynmeric car is insoluble in t vent us in
sikile Uk GERNS rpdyheangloaT ot avas aubupRebongy syfpiliehf € and D
ark H@f‘px@&ﬁ‘cj tSubbitudms S2 Qnd 8o are4390 é}r@(&ucl@ @af the @t@ber&%atalﬁ@ is stable.
200, 300, 400, 500, 0, 900 or _1000,, or

Ty hast beessabilisiog gwsmﬁlalemmy,» llﬂepmntbo@@ oligomgrg o1 Be'dmeﬂc or

odf 90 3 PG00 PR SRy SO
staivdllp @nd/Eﬂe]actdorﬁ@ﬂly Ghen mhymmwha ndtalb@t)sq; that @iCisrsépble, but is
20l Tl BESARIE e ogndBet gyfosifon 1y cnoms
oﬁﬁﬁbhoﬁ QP l;recﬁ@ﬁon 0000 iBfe). T0Oy Qﬁaylé)ﬁﬁ 1nd)¢peﬂdghtb€bcs doreexample t-
btHeDsay s GSPEHHIPHG Sl BBy O FAPY QeCHPUR ERER: bene.
catBlVifiteniy hQ@e ﬁuﬁ&l Al Redh@ g inkiie GPdrokilf1skedEPlchétidns proceeded
carbene catalyst. It may have stablili sing g’ﬂﬁ S on

vern emthlzwﬂnd@}naplyrowenpabrzl&hemcyph% garbensy (paly: oggpnocatalysts.
Tl?é’]r?oar% E%ri%foﬁ Ee?tal?f'stt %9@1%?%&5 gEOM aBB@t OhRTOLdHRIER of silane

exanp
‘was needed, and quantitative product was attained under mild conditions. Poly-NHC was

also an excellent catalyst for the dehydrogenative condensation between a silane and an
alcohol. Asymmetric ketone hydrosilylation was achieved with cheap and easily
accessible secondary alcohol as the chiral source: This process creates a new and easy
method for producing chiral silanes, and for the asymmetric hydrosilylation by
organocatalysis. These reactions may be catalyzed by chiral and achiral NHCs. The
present invention provides a clean, economical and environmentally friendly process for
the hydrosilylation of ketones and imines (chiral or achiral). It has the advantage of
providing metal-free heterogeneous and homogeneous catalysis. This provides the benefit

that the reaction medium may be non-basic. The use of basic reaction media for these



10

15

20

25

30

have structure Il: where A, B, Cand D are as

described earlier. In structure Il, =-=- represents
wW@Rikms9184 si ngl e or a doubl e bond, wherein, ifPET/SG2006/000288

represents a doubl e bond, substituents C and D are not

present. Substituents Sa andl2Sb are groups such that

the carbene catalyst is stable. They may be

stabilising groups. They nay, independently, be
redtibBORBIHCE (BE SERLHIEE td Ehos® whithyard Rofbdse-gbnsifbvee Additivmally it can

olyneric. They_ may, independent]y, stabilise the .
leae%athchgﬁs{ea@io&s ek PIOusie wév@&i %ﬁ%&}lﬁ'}% anflpgy figypce the yield
ofgt%l? lkqekikéﬁe g{g:agctg ?ja@é YeafalRd {{@&dtiont thay B& alifRultbtét cérfirol. Thus a

cap: catalysing the reactions described, ‘
redetipriancriling. to el Peesentinvertiar may dgr tnedysted in & pYhpasiomedium.

duct,] f an in .Th [ 1
TGBB[P 7B R Tl P RISIAL e Bducd
G raratt s+ o
1 and oguicfs ¢t eieeR AR JPdend AR Eafi Pl Suepid S » 7and 8, 1 and
7, RGnY 5Nt Bed 8r PEMET,i LartieT b end Do/ abikdut 8, 7.5, 7, 6.5, 6, 5.5, 5,4.5, 4,

or ganocat al ysts. The novel heterogeneous catal yst was
3.5.8cyS abl-2oT bnly about 1 nole equival ent of silane was

neeggd, rgﬁﬂt 0384 dnAt dfGorREALY C Forafie alidl RRRE URAET NHC-based
mil'd canditions. Poly-NHC was al so an excel | ent
orgatoshtylystsican cathkyzel kibipae eudinaine iy drosivlatem Ghsap gad fesyrio-handle

diﬁlg;%&%@?x‘fe }%{s] %eglp s@cgs%ﬁﬁhfi %@é%%%ﬁg ﬁé%ﬁ%ﬁgﬁagent. Tlhf inventors have

Yy at’l on was ac eap eas_ E‘/ . .
alac desdéreliea spweindairgl aldoctiol pagoddhefoc nr asymswefricehydrosilylation

Thi s process. creat new .and ea netho r .
Dt ] FPRRR G 8 11 rde ST ;0% AR gh L, chiral secondary
alébhdl Qsohl ¢l AéHtRg] d2Ybolicd tahih alrey Biefpenkive smdrreadilyl @adlable natural
may be catalyzed by chiral and achiral NHCs. The
prpdusin i 2 hrdrepityleed proadifldes a cl ean, econonical and

ironmental ly friendly process for the
E}Ed%ir)%gs)i lylation of ketones and imnes (chiral or

Ketotd vpdrpsibllatianasarolyeedhdy dretergeenspup polyr Ml frgeqialys -Fheeiaventors
het er ogene n i ' I ; -
SRR B AR PRI b Tl ain ot
NHle, whizthokebapbataneascty furmed disacdlloidal meseragiicles onmicroparticles.
restricis the su S ich a .
TiSe ere sl Rdrso oy FyRE S Belbndly 3 984 potymeric metl
compsléxeke Bl ot wRIchCiI6 tih@ipdrhted hepdii byl diysspefedinet STwo-step
and may reduce the yield of the %e& rgltg9 g{igﬂuct. Base d1
allletion, Yes dpsigned 8Oy Y inicRPRline St (UK Bpberyigde used to
elﬁufegg@?&(gﬁloﬁsgé}raﬂ{ MidnCakd'® iRABRIA forMUEeH bOIATRYNE Broducts. In

con e non-basic medium They may be conducted
ani examphe midazolei was. trgstedryvithro, adightoreregiyilene a3 1 fatjo math base.

TEER o g 5 M o s Bte i 24
tris(bromomethyl)mesitylene (in 3:2 molar ratio) in hot dimethylformamide (DMF).
Uniform spherical microparticles or nanoparticles composed of poly-imidazolium . salt
networks 1 were spontaneously generated (Fig. 2). The poly-imidazolium salt was
suspended in DMF and treated overnight with a base, potassium ferz-butoxide, followed
by filtration and washing to give a yellow brown powder of poly-NHC 2. These poly-
imidazolium salts 1 or carbene 2 particles were insoluble in common solvents, and can be

used as heterogeneous catalysts.
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1 and about 8, or between about 2 and 8, 3 and 8, 4

and 8, 5and 8, 6 and 8, 7 and 8, 1 and 7, 1 and 5, 1
w@r@s®39134 and 7, 5 and 7 or 6 and 7, e.g. at aPOLIBGH)06/000288

7.5, 7, 6.5 6, 5.5, 5 4.5 4, 3.5 3, 2.5, 2, 1.5 or

1. The present invention dengnstrates for the first

time that NHC-based organocatal ysts can catal yze

ket one and i m ne hydrosilylation. Cheap and

easyyiinhRNsHee wik RREMKE Sthe %@&1&"&% ab&R NinSthe CH8Sdnt  HyMrosilylation
enpl oyed” as the reduci ng agent he inventors have

progessdFite v bI2djetO molieie Sl I ek fespeRdegrin iy diofurpg (THE), and
the%@nse}ém&{ ?tl'o?ﬁ‘énlo}ﬂa il 1 nRIAGERS) weh aRABTE Rhbiibn vial.

e trans ed froma chiral
Ths mndm RS atumrh ol rogutwnasratmtdvctmgiﬂ Pinbeayd((1-phgniytgihoxy)silane

3 \%;Esggifgi?@e}{‘rgh%c? h@) rlrcl)ésdle @gl gueﬁiv S{r g%g%ﬁ&é%ﬁﬁ{:t was ¢ c?nfirmed by
GOV sl Nyt Dmr@ﬁtl@tqﬂﬁ@ibﬁyat@ewareog@nﬁmds(sm TybINHG. The poly-

Nﬁégf*&%&%;ﬁ%@g%ﬁ@ﬁr Sgﬁ?ﬁxﬁé’ Eg% f%f %h}gcﬁéel,y?%ﬁ% %actlon The

rea@t%ﬁ/ 8rd¥’é@%d MB&IK]?’%H@I FRANGHARTIAS layd fwﬁsml-a@trolled The poly-
dal nanoparticles or mcroparticles. The

NH!%S@MYB‘@GI&S easibOmeRelod 0B fdwoospndprmshing: The w5yeled gafayst showed
sinfIfk %gff&lbpﬁoqgé #esl‘f@dfﬁ X Qen OIFCRAY &84 3s Bfe Meﬁh irRfedd of THF,

I NCOF pora ereln by cross-reference. Two-step
thealréaphanl oS wasy desti gnéda twixsdopwdactpof yl- phnnoréeﬂ@ﬁnph nliphenyl(1-

o3 B ST L S Sy STt FALBER P e

tha$ ) polad Mdﬁt DOE fiferedsed die gXigitplo€ NHE ddﬁmng pamaxf the product to
treated with z .

 be WPYHIEANE JPHeSiI‘leﬁ’Fer%glﬂg 2) 1{;;7 ﬁchF e Notidn Laid® ol work in

dlchIdilbl'ngih%ﬁcZ 2hd/ toldene XBbBNEyMestodOdiAlkyldRebiehedte Ife@et RObe active
2,4,6- tris(bromonmethyl)mesitylene (in 3:2 nolar

1nthaﬁne@9thn{s¢¢o”fah!|¢ thyl f ormam de (DMF). Uniform
sphey :p%ﬂgaz oferagﬁ’(ﬁ{ |eChdifa s @ﬁ‘&%’qﬁ tHig | @S])prﬁ%ﬁﬁfaﬁe Qfras firstly

poI y- I'um sal't networks wer e” spon aneousl

actijemet by auclé¢dphgic WHC. The ap‘quled Bﬂiauilazmrl tgrnced| the \k,gtgne carbonyl to

for%g?l %P%Wﬁlﬂ%%ﬁl&g %Il%{gec sa %\ég ! geagrl% ltg Elna g@ﬁ?ydrosﬂylatlon
readBISHN, RYcds® sines2ao )Sexhbmlv:c}ni\mlﬁtmstraié) wad gethiﬂl for the metal
These pol yi m da ol i um sal és 1.or carbene 2

t .
comgleses A BEABPRTAIFE c R eSO TR B trole Sfvalent of

sildiRl §59 IREEAUINE hudhifaiive PrauenWasidiamed \sicelskid Ractidheworked
reduci ng agent in the present g(%/dro& |yl ati on proces

undezi yildagondftions rend Ginne wlkeonial MRANBYT, B 1RNFEEEH gemfsred that
extefilibRBY ngﬂ{nlfétﬁg réa&'@s%sﬂ&da chiral NHC could be very promising,.

Imine hydrosilylation catalyzed by heterogeneous poly-NHC catalyst. Since the ketone

hydrosilylation reaction worked well in the poly-NHC catalyst system, the inventors
applied this system to imine hydrosilylation (Fig. 5). Initially THF was used as the
solvent to carry out the reaction, but unfortunately, the reaction did not proceed
efficiently. DMF was then tried as the solvent for this reaction. Using DMF as solvent,
the amine product was achieved in high yield. 2 (10 mol% to substrate) was suspended in
DMF, and then diphenylsilane and N-(4-methoxyphenyl)-N-(1-phenylethyl)imine (1 mole
equivalent to diphenylsilane) were added to the reaction vial. The reaction mixture was
stirred at room temperature overnight, and the product was characterized by GC-MS and

NMR. N-(4-methoxyphenyl)-N-(1-phenylethyl)amine 4 was the only product in
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t hen di phenyl sil ane and acet ophenone (in 1:1 nol ar

rati o) were added to the reaction vial. The reaction
wo®8msIlss ed at room t enperature overni ght. PCT/SG2006/000288

Di phenyl (I - phenyl et hoxy) sil ane 3 was the only product

obtained in significant yield4 The product was

confirmed by GO M5 and NVR. Different ketone

substrates were exam ned (see Table 1). The poly- NHC

quaaﬁtahoe Ritld.oTHeemeshagsmed ! it refcionl wad thbaghitth PelBE 98e as ketone
drosilylation reaction. The reaction proceeded

hyg‘%%k}/fﬂtgvnuﬂ@@t: wig 1EFﬂé’é‘ﬁHY*ttF<bh1§ NiHe faHlewed by imine reduction.

A&W;ﬁe‘tﬁ@ rﬁz}ﬂ;‘blsﬂlﬁgﬂon-rbyeké?& e¥r ﬁﬁfr deeh b)y‘@e%oﬁ@ﬁzlaycohol Almost

fecycled b [ tration and vvas The“recyc
alk ggvanystrics mmalyéatwnl ACTES] ha\f(eyretlmdtche chtakysis by chiral catalysts.

C@ﬁ% s ha\(/@ el éenués%g 3 t}) I?l?e éﬁ%&}# Xlglopn %éag%% tﬁem Use of

e reactron S very

chohl Sllthfe gybxytrhmtnb hydhomﬂ‘gdally(hf th:d‘necmﬂeeﬁ In?oyt)ad $6 datee Thé thventors
e si l.ane were obt ai ne
hat BREARE ¢ & B BB eli o rpenEatecepinal Slanes through
codérisutiby oﬁfhyﬂl'd@,larﬁ:@uﬁlﬂﬂ glcbﬁ:?lﬁ af tcl?}ﬁ’eﬁ dﬁ]’aﬁg%@e{s thén RSed directly in
e ot her han he

over - edu EP&OSl | ane.
asmg@trﬂ%hyfﬁ%ly ngAokoR fp widen ereabist idthe product Gigiéhe.
Bot sk laldeBboayd eﬁe{tﬁycoh&&ﬁgﬁ f(\ﬁgagtl(k%m el ca%ﬂyzed by base,

active in this réacfion see
L%aeeldcﬂmdn@@wm@mnn@albh Gumplexesi I@owavernhpteecmyalgsta; eavd suffered

e T I —

1ntkmsmzmc¢ tcan gﬁnandtte Ichlraldkﬁﬁéib)mHNHEéﬂ D clgitad secondary alcohol is used,
éa alg}tquci#é1 rosH Iatlon rE ti,?)as, )

an 5§ (ﬁant 6“ cﬁo? i Va @ﬁ?@e‘t’f’zﬁ Yrephagtin reaction.

Hovesver, aliel beleddive @iodubBonTB Rlon6- 30BNt RXEE sPine Ry(R°0)SiH is challenomg

organo tal ysts enployed In the present case, only 1
Hegeihe RO ?\%@( bgens develepeda s rfediisaoseaRRLSy gegenpeaalyste for the

SilRAIIE bt Waonddrl aa'ldbﬁgl WﬁhrI‘h%SfI-ﬂ' 1§ncfe? %‘8 @ﬂd%ﬁ&%@ny PERI reaction

mld conditions and in a well-contr ol manner
was W&k@@r‘fbafc@ihxdragfmeﬁhb s tb&oelasb}eprwuctaagdmmsubsmuted silane

PR I A By DL SO ML XBURIT Bl v

fmpictégted\ll-lﬂh[sabadtmtto oGieanate chirel dﬂahwﬁn&/tﬂléjb aid nkRien@ife and easily

RE LN RN RS Y I ST RE T —
dirbyttir o2 itheykeabriediy dtdsilglation reakbfibh bdr! pblﬁN'ﬁ(‘lVB§ tHeSR-itR of a ketone

t he solvent to carry out the reaction,
substietsy t unat el y, the reaction did not proceed

ef f RCi10%hbIY t%sefﬁa &556511 géﬂa‘%ﬁ 1ﬁ5nf1ﬁ %&?H@h&%flsdlane and (-)

this reaction. Using sol vent amn
meghol 4¢ equive do drphhmdhlaym)eMIe Qdcteﬂotonhhb Yedotion Lkt ifhe @daction was

stitf@f atsl%ﬁﬁxe{éﬂ{f)gralnﬂe overnight, and the product was characterized by GC-MS and
NMR. Diphenyl(1-menthoxy)silane 4 was produced in quantitative yield. Next,

acetophenone (0.9 equiv. to diphenylsilane) was added to the reaction vial, and the
reaction solution was stirred at room temperature for 72 h. Acetophenone was converted
to the hydrosilylation product in excellent yield. Beside the desired product
diphenylmenthoxy(1-phenylethoxy)silane, some siloxane redistribution products,
diphenyldimenthoxysilane and diphenyldi(1-phenylethoxy)silane were also observed in
GC/MS. Enantioselectivity was measured by using chiral GC after the product was
transformed to the corresponding alcohol. (R)1-phenylethanol was produced in 40% ee
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DMF, and then di phenyl sil ane and

N- (4- met hoxyphenyl )-N- (I - phenyl ethyl)imne (1 nole
weouwswadient to di phenyl silane) were added to tP€T/SG2006/000288

reaction vial. The reaction mxture was stirred at

room tenperature overnight, nd the product was

characterized by GC-Ms and NWVR

N~( 4- met hoxyphenyl ) - N- (| - phenyl et hyl ) am ne 4 was the
(eriliymerioehkiets)] Wipea Of)l rhatt]mda;vgsl wskdl in fhiverensivmathiegmodict was in the

this reaction. was t to he th
(On oSy SRBH: S Maao sty f rets feRiiplaofieh PPRATIC could
smb&ihlyP¥RSyRY the 'Heﬂﬁlr{)%iﬁ Hitd SohdesyioiRédction between dlphenylsﬂane and
hydrosi | yI ation of tones: Chiralit

secgg@@ﬁoeéeghoé ite deign d1p};p%§l{<o>éyq1 a’é‘*syW#E‘%‘/ | nd%i: seconXary alcohol was
usel g 'reééltl@fx' Qiteal § Eé Qf@fe ﬂ?@éﬁfceﬁ el"heeanpdl‘ sltaletlouRI e R¥lated and

I'ral "catalysts | | anes have very rarely been
use.dschtbcdyen the kdh@ledlyﬁfcmdmatlyn rerctipe painduge 2 pkingl puadiichfsee Figs. 6

B

SinViBit Yed®tion lcﬁnchtidns, aeR geves?o 6% egdh Hﬂiildromgtham ané vetyilpwl ee values

. silane ough cond of dr.gsi | anes

in JHEDRST DM L SRUETHS fa % G8Ref MFBe el B catalyst:

40%S YR ITHE ahm{dméabudnatiﬁ @E‘cﬂlﬁaﬁ{et}ﬁﬂet A progousd mechamsm of this
chirality in the product (Fig. 6). Silane a

| c
reagéeny ay dg@ﬁateﬁvle Rign de Rilanes ofete sy A PYcaYFlenp R NHCs in both
rea%ﬁfn?% ¥4 6k B l}@'c?tﬁon L \é"a%tl%‘tb&j JIRn) RN OB QB8R %’t}i Gecondary
conpl exes. vvever ese catalysts each suffered from
alcohdl torgenomie sdlpsmhmda@bﬁdrosm dm theysscendoteactiang thsl astivated chiral

SH| I [ tsmceltcan
d‘PgSHQFIEZ IR 5 reﬁg%ﬁo‘é%ﬁﬁm%ﬂggﬁ %dg iral secondary
al tobahmiasy, lﬂlSreeI noegidnd Imapmharrta;lrocessteamavc heeni dedogled. Ketone and
chiralit metri r03|l |onr action.
éqs11¥1aﬂen§ cEeR Rf8°??%@ 1831 SO BRY AT ERLL N thespply-NHC
or%ahb@dﬂﬁyﬁg (TH idvel hetero B@lebenetitialgst \Jvﬁf &biblaﬂl@'@lﬂ?dﬁl@qhﬁﬁ of silane
een devel oped as a heterogeneousw&{ gan [ yst

wag peedsid anbyasiiatiye Psubishyay §iainech FHiRRer éﬂi&%\‘ﬂc was
alsé e{{y 35&&11%11‘8%9 Jst 365 h@h}‘(ﬁé‘&;n'aﬁ{ﬂe %ﬁd&@aﬁdtﬁ BBtwieBAtsilane and

rogen was t eony by- product, and
alcnhmio Asmmpm é@togm hydsostlybition) Sras aghievede vo ywheap and easily

[ X

oo cieonRP” plRPly BBy Sl By, Thf, pRRB Pl now and casy
metiid &br Sirbdundsg sihivak dilhess, aarel ifoexthe nadynemeirid hﬁkomgylauon by

accessi hle. The chiral silane product of the sil ane
m@F‘@Eﬁ@P’S‘Eondensatl on reaction was used directly for
Ex Qﬁngﬁhpne hydrosi |l yl ati on reacti on over poly-NHC by

Ition of a ketone substrate. 2 (10 nol %.to

Hydusdviagon )Of vefene aud avige Al seactipns Were “t%?fi out in inert atomosphere.

Fofjle E}gny & F%ﬂg 26'(3%%)")1 bOedin THEOM ¥ 1058 vial w1tl?] a stirrer bar

ded to the reaction vial
in laeaow (bnxm@sphenylsﬂane (0.2 mmol, 37.1 pl) and 4-methoxyacetophenone 0.2

mmol, 24.5 ul) were then added to the reaction vial. The reaction was stirred at room
temperature for 24 h. Diphenyl(1-(4-methoxyphenyl)ethoxy)silane (MS, M*": 334, IH
NMR (C6D6), 8: 7.7 (m, 2H), 7.2-7.4 (m, 10H), 6.9 (d, 2H), 5.85 (s, 1H), 5.1 (g, 1H), 3.4
(s, 3H), 1.6 (d, 3H) ) was the only product in quantitative yield based on GC/MS and
NMR analyses.

Asymmetric hydrosilylation of ketone with chiral silane intermediate. 2 (5 mg) is

suspended in THF in a 10-ml vial with a stirrer bar. Diphenylsilane (0.2 mmol, 37.1 pl)
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stirred at roomtenperature overnight, and the product

was characterized by GC-Ms and NWVR
wOr@hesuis{ | - nent hoxy) si |l ane 4 was produced i n PCT/SG2006/000288

quantitative yield. Next, acetophenone (0.9 equiv. to

di phenyl sil ane) was added tol& he reaction vial, and

the reaction solution was stirred at room tenperature

for 72 h. Acetophenone was converted to the
an%!-d rrﬁ)éﬂth()ll (8121' mmoﬂ),r?\ﬂﬂ& eig) iwere xigsal ddeied ty iled actBasvidle Thisaeaction

esir

wa SRS FRO oS R R e Proghet wenslratrized by GCMS
and Wﬁtmiﬂ%ﬁ%’mﬂn@m@wﬁﬁm& Merf*objxefH NMRS(CBBIF 83“7@——7 4 (m,

di phenyl dla_f} phenyl et hoxy) s
10Ky 83 (rd&hi 6<§§énbdﬁ)v2t5§ (Waslfﬁe&slﬁr(édl% 1u‘§rlrfg(feh7fﬁbl0 84 (d,

r r
e BT RS YR SR Bt JRLL N ectoghenone
(0.1 8 m106k 22 (Breast added ta theasastion vial \mdrthQ sepctiensdiationmass stirred at
used | hi s._rgactj 0 I,
ol kbl B4 SR AVG R i g anc
exddiiaht pield; - Biidesothk ddesired phdduct diptleyglenentiexy(1-phenylethoxy)silane,

dehydr ogenat,j v onden ation, reactj on between . .
sorff pHIORS e R an ST e ROHI N iR and diphenyldi(l-
phéﬁyﬂ)étﬁ&h&)ﬁlalﬁ@xw&el ABE ob¥hes dn AC/NAS. Eﬁmgéléotmlyc%@lmeasmed

was_used in this reaction, chiral_ silanes we

usipg shisdldaC (&) @lier the pspdushwas Sansforeed; te @i%?b@ld (%h&pbg@dethanol

b of Qe ketone hydrosilylation reaction to
Wag:ﬁ)g%eédlld jr’a? product (see Figs. 6 and 7). CsF was

Tahlesh PobssNEHC (2) cetalyzed ketons aml mnahmpamgtonf\z@mh dipbenylsilane.’?

activati of silane. Under S|n1Iar
Enfyndi t | oﬁ‘{l,l’ UeeE gave 369REHKE| n di chl org‘ﬁg and

very low @e val ues in THIf"QpEP DVMF. This contrasted

with t@g‘esul ts obtai %us\mg pol y- NHC cat al yst: 40%

ke in and no reacti n di chl or om@Phane. A

proposed gechani sm of th|§\r@hct|on is illustrated in
Fig. 7@%\5{%3 were a ated by nucl eophilic NHCs in

poth r tions. In the t reaction,>phe activated

di phenyl si | ane woul d reacm weit h secondary al cohol to

generate gil oxane 7 an dbﬁ&Qrogen In the second

Jeacti tihe acti vat e%r al di phenyé Ll oxane woul d

Teduce ketong to formpro ugt 8. In su ry, three
novel and {phortant processebstive been descri bed.

get one ¢ i mne hydr ombd@}aﬁl dh react| gﬁls pr oceeded
ery srmotry y and cl eanly Qver the polYy

or ganoca sts. The novel rogeneous catal yst was

gecycl Only 1 equbw(}é& & | ane was geeded, and
quantltatlve product was pgttgi ned under n1|d

condi ti on Pol y- NHC a)ss\o an excel |l ent catal yst

for th ogenat i S@egcdénsatl on between sil ane

@nd al ol . Asymmetric ketone hydrosi*9bati on was

achi eved ﬁ th cheap and &asily
0,81\
7 | NS >95

@\I/N—@‘& WM*@’ 0.

8 >95

"Reaction conditions for ketone: 5% of Poly-NHC, 0.2 mmol of ketone, 0.2 mmol of
diphenylsilane, 1 ml of THF, room temperature, 10-36 h. Reaction conditions for imine:
5% of Poly-NHC, 0.2 mmol of imine, 0.2 mmol of diphenylsilane, 1 ml of DMF, room
temperature, 16 h.



accessi bl e secondary al cohol as the chiral source.
This process created a new and easy net hod for
w@e@dnsding chiral silanes, and for the asymretPCT/SG2006/000288
hydrosi |l yl ati on by organocatal ysis. Experinent al
Hydrosilyl ati on of ketone ad@ imne. Al reactions
were carried out in inert atonosphere. For entry 4 of
Table 1, 2 (5 ng) was suspended in THF in a 10-nm via
bylwd&t@nﬁﬁddwﬁmca@ﬂgam gl ove box. Diphenylsilane (0.2
mmol, 37.1 nl) and 4-net hoxyacet ophenone (0.2 mmol,
24.5 M) were then added to the reaction vial. The
reaction was stirred at roomtenperature for 24 h.
Di phenyl (I - (4- met hoxyphenyl ) et hoxy) si | ane (M5, Mt:
334, 1H NWR (C6D6), d: 7.7 (m 2H)5 7.2-7.4 (m 10H
6.9 (d, 2H), 5.85 (s, IH, 5.1 (q, IH, 3.4 (s, 3H),
1.6 (d, 3H) ) was the only product in quantitative
yi el d based on GO/ M5 and NVR anal yses. Asymetric
hydrosilyl ati on of ketone with chiral silane
internmediate. 2 (5 ng) is suspended in THF in a 10-ni
vial with a stirrer bar. D phenylsilane (0.2 mol,
37.1 m)and (-) nenthol (0.2 mmol, 30.8 ng) were then
added to the reaction vial. The reaction was stirred
at room tenperature overnight, and the product was
characteri zed by GC-Ms and NWVR
Di phenyl (I - ment hoxy)silane 4 (M5, M+, 338, 1H NWR
(CeD6), d: 7.2-7.4 (m 10H); 5.83 (s, IH); 3.68 (m
IH; 2.57 (m IH; 2.18 (d, IH; 1.4-1.6 (m 7H); 0.84
(d, 3H); 0.78 (d, 3H); 0.74 (d, 3H)) was produced in
quantitative yield. Next, acetophenone (0.18 mol, 22
m) was added to the reaction vial, and the reaction
solution was stirred at roomtenperature for 72 h.
Acet ophenone was transformed to hydrosilyl ation
product in excellent yield. Besides the desired
product di phenyl ment hoxy(| - phenyl et hoxy) si | ane, sone
si |l oxane redistribution products,
di phenyl di nent hoxysi | ane and di phenyl di (| phenyl et hoxy)
silane were al so observed in GO MS. Enanti osel ectivity
was neasured using chiral GC (g-TA) after the product
was transforned to al cohol. (R) 1-phenyl ethanol was
produced in 40% ee. Table 1. Poly-NHC (2) catal yzed
ketone and im ne hydrosilylation with di phenylsilane.
a aReaction conditions for ketone: 5% of Poly-NHC, 0.2
mmol of ketone, 0.2 mml of di phenylsilane, 1m of
THF, room tenperature, 10-36 h. Reaction conditions
for imne:
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5% of Poly-NHC, 0.2 mmol of imne, 0.2 mml of
di phenylsilane, 1 m of DWMF, roomtenperature, 16
wo20¥i0zd164 det er mi ned by GC and GCMVSB. O ai ns: 1. PET/SG2006/000288
process for converting a substrate to a product
conpri sing exposing the subské&ate to a hydrosilane in
the presence of a carbene catalyst. 2. The process of
claim1 wherein the step of exposing consists of
Cleixposi ng the substrate to the hydrosilane in the

presence of a polyneric carbene catal yst. 3. The .

P Goood BOCER OGS B PSR db ¢ HORNS Cigpoge cxposing the
sulRRSb AthyaRRBAR A 18 preRes bNg cabspbsidipke sel ected

fromthe group consisting of a carbonyl conpound, an

i nene dAE PEases oam T yherein Hyraitensof eipesing cppdsts of exposing the
suldtaRe0 4he dr%ﬂ%n&ﬁ?ﬁ?@ﬁg&ﬁ%%!fg%tolym‘leric-réagneﬂé e&8Sst, Of

any one o Cl al ns : , Sal DYOC§SS erng a p[ocess_
f oB. comremroaess ofhelaism b sarr daign Rowkerpinatie stepsdd] exposig consists of

exé\&r%ﬁﬁrge% Q%s@%t% Eéie&é’c{‘ﬁb%tda? graoglfy c%nscijstk | oﬁ%on?ﬁ?o&%ﬂ)’und, an imine

€ process o one” or° clai ns
and an glcphalce g® Hydirostam ipticmesenico bf tervadhehe ogaltybte

substrate to a oduct havin N, epant.i, omeri c, excess

o 5t " The shSueh BE S9EGhe W el T 5 S pid Pgrees, hEag approcess for
coRAS e RbstEXPRSh Pebdubessietisd fahetheQréurs Bbdsating of a silyl ether

hydrosi |l ane in the presence of the carbene catalyst.

andsan FMepr ocess of any one of claims 1 to 5 wherein the

st 0 ' j - eX ung,; rate
e
conmerting the fulsstibtstte atpeodnat baving an paitiomieric eheespokaiderstalfut 25%,
rpen . (o) . .
it B A0S GORALY B of DB RE SRl el Ehurgiilone
thegtpeacagf thh earberesdatadyse t o t he hydrosilane in the

resen of a i n chai ol ri.c .car.bene. 8..The . .
Dt Bo.es 4 be PrackssiGheny QRe PEPRITRS Lt p SpPeRtin BiEien fhpxposing consists
of &§J08ingtthe QfbsRXB &S AN Smbie oF URShYRbS1ahO of AU YOI Bif K nount of

in the presence_of a polyneric nmain chain
subgirpterorayaglel bagis inths gresend of the.casbenecsatalyst. ¢l ai m 8

AL 0 DR STf FEOPPAT FS08 AR S o
of pxpoging the substiatnte thathyldyasilawd instheupesemee bl B main chain polymeric
carbene.

8.  The process of claim 7 wherein the step of exposing consists of exposing the
substrate to the hydrosilane in the presence of a polymeric main chain N-heterocyclic
carbene.

9.  The process of claim 8 wherein the step of exposing consists of exposing the

substrate to the hydrosilane in the presence of a polymeric carbene catalyst of structure 1

R . ‘ "
Ey==fp G==¢Zin
A B C D
I

wherein:
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wherein:= - represents either a single or a double

bond, wherein, if - -=- represents a double bond,
wanmsstisents E, F, G and Z are not present; APCBSGIN06/000288

and D, and, if present, E, F, G and Z are each,

i ndependent |y, hydrogen or dptionally substituted

al kyl, aryl, halide, heteroaryl, al kenyl or al kynyl; R

and R are linker groups; and n is between 5 and 1000.

10 =ThgpRians eshef a amplore Dtoeblaibehd,lwhereth, Wher&i mepresents a

t he step of ex osing%%gﬁiists of exposing the

douhlgkenda pebstigiepsds. fy TN RISHY: presence of the

capbgne &@L]?,l Rl if Rédetlt, FAlRIY 8hd RerdEach! BRBHndEMIAMydrogen or
amount suc thaf the proportion of active sites in the
optiaely pebstitiedalkyleatyb hatide.hstrsearsl, elkenylipselyanl about 1%

22@3215%%28%62%%13%% basis. 11. The process of any

clai s additionally conprising reusing
t he ickstiwenes s HIOPst i n a subsequent reaction. 12. The

process, of an ne of cl.aj ms t 1 wherei.n . .
o P pat? pioev gy ang ot Bl T b S oftrdRRsdh & GBHRE consists
of &xbDEi thaRebstiate! t8&h® hos@bitdhedh thd preserideefahe edrabrestatalyst, said
a solvent in which the caybene catal yst i.s iLnso| Ublteﬁ
catalgst bepRE Pieb SR ANgHSt SRR U Uy BIORRrtion 0f Aqiyve sites in thie catalyst

rel @RI HRN\GbiYatS RIS oS E PATAHIaBSuti 09, B @ HHHld basist.
e process of any one of clainms 1 to 13, said process

beihg Abpprsesssoffapy amp i skaimg | Lao; Wpdditionplly gymprising reusing the
onpo . exposi ng consi sts of exposing
car‘é%?%gcagzgg%gﬁgfﬁ%g fe%ﬁ%g&{]%rft he hydrosilane in the )
pr ¢z.enthe pfocesspdlagyené of daimeht tlawhérgmtthe $t6p offérgposing consists
rocess,of claim 14 rei.n the,step of e Si .
of Bepreing; & spbisow (15 MArap 1o BOS 1B fiso The g tane catalyst in a
sol&tit i kvhadhhx ydrpelicasikdia és insoluble. pr esence of the

pol ynmeric carbene catal yst.. 16, Th .acess of claim .

1513 onphe SroReSS Heust el o cliigiicl fhd2 AGHPRAY CpRSisiie Separating
theWrbdlscg di hydrosilane in the presence of the polyneric

arbene catalyst to formthe chiral al koxyhydrosil ane.

1714 Th&hp poersssobinyc bag of thimpdr i 13, tsAid Rpegss dping a process for

hycﬁ‘?%@%‘r&dé %gﬁ?@ﬂ%%h%%uﬁﬁ LAS Yle SEp3F @ﬁﬂo@ﬂlgogongigﬁ o‘f@kﬁ@éing said
carbonyl compound to the hydrosilane in the presence of a polymeric carbene catalyst.

15. The process of claim 14 wherein the step of exposing consists of exposing
said carbonyl compound to a chiral alkoxyhydrosilane in the presence of the polymeric
carbene catalyst.

16. The process of claim 15 comprising the step of reacting a chiral alcohol with a
dihydrosilane in the presence of the polymeric carbene catalyst to form the chiral
alkoxyhydrosilane.

17. The process of claim 16 wherein the step of exposing is conducted without
separation of the chiral alkoxyhydrosilane.

18. The process of any one of claims 1 to 13, said process being a process for
hydrosilylating an alcohol and wherein the step of exposing consists of exposing said
alcohol to the hydrosilane in the presence of a polymeric carbene catalyst.

19. The process of any one of claims 1 to 13, said process being a process for

reducing an imine and wherein the step of exposing consists of exposing said imine to the

hydrosilane in the presence of a polymeric carbene catalyst.
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18. The process of any one of clains 1 to 13, said

process being a process for hydrosilylating an al coho
war@snsmEsei N t he step of exposing consi sts of BPXPSE2006/000288

said al cohol to the hydrosilane in the presence of a

pol ymeri c carbene catal yst. 2B. The process of any one

of clains 1 to 13, said process being a process for

reduci ng an imne and wherein the step of exposing

copgl SiAS pRfdueXash Mghdeabyl ai Pobesst dnipiRinpy etpasingangubstrate to a

t he_ presence of a olygeric arbene catal yst.20. A
hy@pmtmmewa%of%%a %Wd‘@@i%st-conpri si ng exposing a

subsgtr ' Lj thgOdomBists of exposing a

cafbenant pras fregae o MRl e Replof SN orRists of exposing
carbhyls¢@ppasind e ap duiing ot drstleokpldp s Joslrenifane dnthe mpygsence of a

0 un J.1(0] . > t tl.ane in

o RS At Bl B prBori A Wt s DY B ARMLET

pr agucThegirsttnctinf alagnl|30 oetlaan 2dr wheremnsand pr@tuict ha chiral alkyl
.praduct of claim20 or claim2 1 wherein said product
SIhﬁ§%§’rchiral al kyl silyl ether.



