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

reacti on, Background of the Invention 5Ketone or
WORHEOPct | on by hydrogenation, hydrob ora?FBﬁcaﬂﬂmmﬂw

hydrosilyl ation is one of the nost ubiquitous
protocols in organic synthesis. Hydrosilylation is a
particularly attractive process due to the mld

reaction conditions re dﬂ%@u ﬁﬁ lpe use of
I nexpensi ve sil ane redu ing ag Al t hough

hydr ogenation is w del yTpu:hmd:alMdl ndustrially, it
d i sa vanta C

br e e PieSH T B Rnic o S ol S Ay Pt

recycling. O her pBatMmohmdafﬂmaBu@haoad from

dif d |
L RE TS or SRR OER B rarh P B Ay ok SraliPh RS nypregyivtation i
oﬂ? g?n?g ﬁaitlahqmto&s plroﬁacplsa}ggn@ggb y);ﬂﬂéegh Hjaht)slylf_ﬁwﬂ wmlsamR cularly
| TI X u | . .
afffachisP13isst Ak MH3he il AR an&mogw&“ﬁ?ﬁ%ﬂd&% i, ¢ ipepensive

smﬁelwdmingmgmﬁel ecti vi ty [ n the hydr osi lyl ation of

et A el Rk B RO iR Ber Th P G antges,

sﬁhh&ﬂ ﬂwﬂﬂwﬁﬁgﬁ hxgn prebhuts, expdrgive chiglystseicbobiost catalyst recycling.
FIE TR R e i ey A
réductidy &Qiihyd@mpychduﬁ reductibh ddalfzedPy drigdtiot&#lyke ﬁﬁ':Zpladued by bigh
CESNON R, 0 LBl gy, B KOCONSKY  AgEl LRI L o s,

bRy digyhypdcrioh icantytiat RbyiEeer adytvRY ik (thd‘lhjiﬁr@ﬁlyﬂayiloﬁtdf%ﬁrbonyl

with trichlo osrlane (c13 as the redy en .
PR o BYfc Fhate ¢ P(%i?e%) 3 et erhon f dpelly catalyst
re¥hdr @l 2% dussﬁﬁydkog%hm Thus| the@nels ndedrot émﬁ*zé b@aaocatajysts for

tal .catalysis (D,.Bourissou, 0. Guerret, F.
h@ﬁﬁjﬂaﬁ%of KlpRoS IR IMBfem Rev. 2000, 100, 39: WA

- Hel Rewaily, MagewWer 8heA Vl MalLQEdA 2003, Lfddon}-ﬁgﬁz)muez-Lopez L.

NBC: ha A

ng?g‘%%w? k%ggiﬂw g et T Fd 5%%% ﬁﬂghﬁea*ﬁaehped
cgu(g;ragﬁgzteﬁg&g}g?@ %?tqg;!ﬁg%b rhybﬁbdﬂﬂgﬁﬁ?ﬂﬂg ﬂa;crs]ﬂléﬁﬁ&fns KCL:SiH) as
%ﬂ‘f&g ety o9y e pariscs &ﬁéﬂe fwr@d Fap&xigpragy useful

cia@aff 1foajmﬁrﬁ>£ﬂmﬁ§udﬁqwmfd¢kamﬁqbegﬂmslsb@ 0. Guerret, F. P. Gabbar G.
or ganocat aé%st S | nport ant transformations

Va
SR BadAU0Te UOaaRTS! (o Nemimni Ansers CherayInt. SHA002, 41,
1%@3@1}41:@; e&ﬁplefe@,rhab@ bt ﬁc&%ﬁﬁﬂfﬁsﬂ"ﬁsmaﬁoﬂ_ﬁ@és@eﬁ Such as

need for hydrosmgllatlon protocol s with_ nore eaS|i% .
Olﬁﬁrépmﬂé?@eaﬁd tdss M i FesssPRlENGe aplaliy s hedrogapatyen, | ransfer

od‘reﬁﬁtm?ﬂ bRRRtohEd] Ul NGmARRA Snd BT mAERIcBy BogRRkibY. Recently,
NH%rs] 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 Wlth more easily prepared and less
expensive organocatalysts, as well as for silane reducing agents that are more easily

handled.
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-2 bj ect of the Invention It is an object of the

present ‘invention to substantially overcone or at

| east aneliorate one or nore of the above

di sadvant.ages. It is further object to at [ east
partially satisfy at |east one of the above needs.
Summary ‘In a first aspecf of the disclosure there
is provided a process for converting a substrate to a
product conprising exposing the substrate to a
hydrosil ane in the pPbjshed thé Inverdiiobene cat al yst.

. The Iﬁ UpgL T }e%t %g%‘dé% g:)r&eﬁtaﬁggﬁ%h 0 %ﬂtgﬁllé'oﬂvgﬁrco?lpe or at least

al déhyde  or Imne, 10 a
angliotaneene, or mmoﬂhc ybowre dissdvdntapys. 3 is fivGile) olgectso meleast parually

cle ct may be a silyl ether (from
Sgﬁggaté%%??ne %#be a%%v@ﬁee%k' an amne (from an

ound” or "an al cohol),

~imne), or may be sSweneter - type of product The

‘subst r hi may_be . achi .
be Pat ?tcaSP¥‘ft fhtg §15158L°€ e‘ie ISZPEOVIS?’“C tfﬁoceﬁ‘s g%rt C"S#mng a
sobgyraterto aepestived ¢dmprsh@"n}apomng)fhetshmtrafelm afhiytiyosiddnetih ¢he presence

" substrate e hydrosilane may be chiral, and the
? 5@% Tgmgay proceed enantloselectlvely The

pr odhe t:ubmgte bey ben kedbonyitchmpoureinant dncildshiyde mepfan imine,
at .| about, 250 or ;at | a t..30, 40, 50
B p1oB0 legf 2oBimpiive berpndaty or BT P Honoer seiie gBSr gmees. The

j oductbay Ba sibd ethéd (frdh,a (&ﬂ}Oﬂ@B{;on%qudx aDDcolDB), a®dmine (from

95,.96, 97,.98 or | ane
ORISR, AFBET Pesting oRok Ee LG FF SN Gey el it may be
adliighl | IV rBdye bd @dcehysl 1O g hubsaai i ydﬂfrﬁ$ Itlieaf&ctﬁcﬁf miah §roceed with

f or magéﬁ)%b“g]‘%l&y Pﬁw%‘{? gﬁlg%(%? ,_[%ngqgg X ﬁﬁl ﬁpgl the reaction

&e%eﬂaﬁhcﬂ;@lecﬁk}@i ageProdues maple Hensd Wahen b&ntx@inenc excess

R RE A R T T T .

20

25

30

3alji<5yho , 45Y3Y, gﬁléoygs t70|tr 75; sors.‘preo esrllplm .95, B 05135, ﬁﬁ@s@‘ﬂ&@%

op y.be su itute all c gr a

Str JXP ﬁf({r%ﬁ#a%mexz b, PR moﬁ'auﬁt é%&# where R, R”

3 Rﬂérﬁ Jlglﬁﬁdrl ko%lgn Xa c@ﬂmof@é f&mbﬁﬁgzw}ﬁa@f{daﬂ{g{b are not

[ancne a u (0] ween ou n
hydspgen) ot atrawér a(%ﬂ?@ 1o %@ﬁw ﬁY@Q"%&r may be
sﬂ’e@;e @$1H§) RNKR 134 Renﬁ bd ithe?samd or diffeRont, @r tv&) m& be thé sarhdand one
or '20_car bon atons The, ¢ cIoaIIc grou ps- may

H@m@é}ﬁ ingepgndently bs akylng 1, aggh gr %ﬁ‘é‘;rcvﬁawwps and may

oﬁﬁfn‘ﬁ@ﬁ’ﬁe §ukﬁﬁﬁ§te@ 'lﬁe %ﬂéirl g&:u@rm%( B@Mgﬁ'cﬁ%r@@ﬁfcﬁed and may

aryl _group

' h%’egﬁ@’?ﬁp abwﬁée@da?maﬂe@ Fomg, &ﬁiﬁ mﬂ 20 fahﬁr#raa»@md iz gyoup) or

bétw@éﬁeé’boﬁif Y hand ﬁsgq ada' @Q%h)s @taﬁd 5' & aﬂ@xz f@éﬁfd 30 flz%Qd 20 or 6

exarrp e e het er oar gro

e d 2, 304 5.6, 8 16, 55 Hodh 16n78 chbterbmaes cycloalkyl
t@}#}P & naa et IRY 28 10' rg%*gﬁéﬁﬁéﬁtahd ma?lba% betwéin P, 6 and

hetero atom The stituents present may

1ger ﬂamfs ringpembersia/E. 3. 4r $16. 6r 8, r?eqrépohrwlagomm b heny]

RS & g S B B v i
examie_hlf & dst prahengsaThp detsraany] @r@my e dad. 3, 4bdonmerethan 5
het@Bbhs, %Igihagfwhﬂﬁ may BOSH {emN SHUS g?r sbine [Bﬁ%r RSteroatom.

non- oxi e Ln arr at 25C. 168 Sul

Thei srbstitnents, (il erasentprapyben iy s;wlaﬂléyl( a7 19h dietaaiyl s edescribed
ahgbd ﬂ':ﬂ%g By |20k Y %J gjnﬁn%r aﬁﬁﬁ@ﬁ!ﬁi E)or o€ or some other

hydr osi ['ane nay an anmount o et ween abou

subglie grodp. 1 Beobydfosilee map batstable wdbstaraaldabmatarynwinditions in the

basi s, or between about 50‘and 100, 100 and



10

15

20

30

5 150,80 and 120, 90 and 110, 95 and 105 or 98 and

102% or about 50, 60, 70, 80, 90, 95, 96, 97, 98

992 100, 101 102, 103, 104, 105, 110, 120, 130

VEQ 2008831545 about 100% of the amount of su%%‘f’$‘é”t"%6’°°0288

on a nole baS| S. The cay bene catal yst may be a
netal -free carbene catalyst.” It may be a stable
carbene catalyst. It may be an oligoneric or

BTG SRE S B E b n BY 8% Bl Smes
inﬂﬂﬂ@/nermph@@hlg&mﬂa(ue e. (ttipkengiiibehe cant r eshpm;lylkimyamsﬂane

CpfrsfElaor i Bufnlant aRE b Rpd o o ol SEBSyEEH Dot 5006 ana

15005 0Nibe bmot@ioflsyisitratel dn ammyleltasiayordetvgemabow S0ahd|1961100 and

1305t 12 O i 5 105 R 0o R 60,0, 30, 90,05,

96l eganet 9% 100, Hilgher,)103] tt04zal>05be1® 120X 130, d40for t180%Qk.g. about
e Ii_oner c,catal ysts s.optionally with a
1¢ﬁ%ﬂﬁ¢% OW%P%?§§?m68 ?Pﬁ%%? PP with a.polyneric

Cal‘I&leyéﬁ!rbené teatdBét hﬁyabh AHthehlefrac ytbire @PPeNR may be a stable

i azolium. (or.imdazoli
oA O EHRIEL IR e T SRR of Brrs g catak Jmay be a
métmﬂwpmymwrﬁ)caﬂﬁh@ @ﬁaygtamhy;sbe a HAB dhaihf;ﬁl}&ldﬁ%toaib)éﬁé (i.e. the

be nucle philic. .t nm nu
Cﬂﬁa% RrEYseR gy, éth@leé%%r%e Xﬁﬁl& Bﬂ?ﬁefﬁg 5 Sialyst may be a
noRdodn¥éic JARWsE qmay BE€a BRinBmeHetAalfitt i m@me@gmﬂlgbﬂemcamlyst

heterocycles y he a zo on ric naln chai,n
(e Hﬂéme%cmmc» cfgrr@@ﬁ%c S Bafr%%@y PRORHS, HeEptpyric, octameric,

_ noﬁe&ﬁemi ﬂe@ﬁaeh@bﬁ&éﬁérb wmasabe h hﬁmﬁwkw&) mERNgB@eric catalysts,

nmer , a pyrazollun1ear ene a friazolium
opg ity mpRemers catalystnop B’F arobapsior ~JHigpy be an

N—ﬁéteﬁ)%f,@m%ﬂ)%ﬁe L R9st0k R BEMHGazolibe (Sﬂihhaﬁ%hﬁﬁj @éﬂx{é{e catalyst.

be used_ in_an anpunt such that the pr |on of
It ’5‘6?{ Y boa sbleciazplimmi(er uizeolan) pasbeneicoaly Ti?-ﬁ arbene catalyst may

_besmﬁefogﬁhs It%ngebw@eﬂua&@mcll%lﬁﬂ&l@bﬁ%neZMm i‘ﬁe §olymenc

asi s, or between about and 10,1 and
Caﬁ’@”ﬂeﬁt@ﬁﬂ %’ SOIERIfE Py phagn H’ﬁf&g%%n“’éﬁ‘lﬂg hﬁ‘ﬁmﬁ@l% é"dnﬂy be a

po%’ihe@i& ﬁeawhtams}u%térbéskh@ %'aﬂ)eﬂé Wﬂ@p I!ts.tné%bgé’tforlexa%lple an

lmidezolalgn der zm;éaz@ngn aﬁr@a@c 1’9’%116%% mbﬁ@ earbesioy gplymer, 2
tri AR KRS RS SslyheF or%ﬁ&n%ﬁh&i&%hﬁﬁ@ﬁfbb%lyﬁ&%Bﬁ oBfr pe of

catal yst in subsequent reactions. It be reused

PolyhtEC- Thg eagbeng catglysy mag begised in go a@mm!?(ﬁ“é]ii thh the prgmertion of

act%Q: stlﬂeﬁrﬁrgthe (Tzﬁﬁyitqaﬁtl@ to3he Gk Is' tﬁ:tv?e%h 'aBd)ﬂtM "/Péndt AMBut 20% on
car bene- cat al yst for each reuse

a e Gesis, @ubetpren akpyt £ 1gadh 180bend B, S 9@6 2& 1(23451(201%&1111 A3 or 8 and
1280 ﬁgywegedw%l Alﬂmﬁaﬁgﬁc haatﬂré‘po%ﬂ i¥ bﬁéﬁt S gl Mem 6,7, 8,
by 10 é&% ere s the yi produc
0, T i .1 L Ll L St 0% o 084, T o gtlyst may
&g@a ffmr SREION fdSddds { ERAIF af grbgtaiyspnﬁme@ﬁﬁt reactions. Jt

first reaction but- reusing the catalyst from

may dgcrerssh once twice, ofThet.rfefe¥i B (1008 mare ghapr Iociémes. (ﬂle IUSS of
catalgﬁ QEﬁ\ﬁ{yoccf%g LarBBYe &ﬁal?ﬁ 'Tg;ug&tcﬁ Qedsg iy S 8 fnan Wl IAIO%, or

a sol vent or non-sol vent for "one or nore of
lesg ﬂfé*ﬂsﬂlbb@tt § & 4, 2 on é'%h)l@I ths comdere thnlpss plecasdytireantivity is given by
10F31 52X} PR SO EREARA BRobe £ S (EALAE G SR MMl yied of
produetcl¢to risreagtion M@ﬁngemém@d@an%wﬁlﬁ firglyeadion but reusing the
qﬁﬁﬁ ble" relates to a solubility

Cm%ﬁ%re y §§%{%%§ %d solution at the tenperature used

in the process is |ess than about 1nM. or |ess than
~about 0.5, 0.1, 0.05 or 0.01nM based on active

carbene sites. In other enbodi nents the carbene

catalyst is at least partially soluble in the

solvent. The solvent nay be a polar solvent. It may

be an aprotic solvent. It may be incapabl e of
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30 solvent, fractional crystallisation or sonme other
separati on process, or nmay conprise a conbination of

such processes. The concentration of the-

substrate in the solvent nay be between about 0.1 and
about 1M or between about 0.1 and 0.5, 0.1 and O. 2,

0.2 and 1, 0.5 and 1, 0.2 arfd 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 or 1M or sone othe

sui Thbkeaction Gentiapiooess deheditlaguenmpnbe copductsd in 2 301"3‘“
v@ﬁéh%a) el sto?xfen{ J}ea_lxﬁyﬂ%weﬁé Br 8brinhite By G eRish-aRame Hydrosﬂane

rocess may convert. t he
a@ﬁstqadme p@alysielnpaowmquw% thyi earlepng catglyst is dzppluplsoin the

e e

“inppvidx] whetasliy a qolabiliit wherely, a saturgad selaten ﬁ the femgergture used in

thng)%'ctess7$ des§ Qean §§?ut Ay gpl'i‘ tes¥ Fhan Ybout %85 0%90 05 od 8! @?/ﬁ:M based on
e product, or nmay mor e

amve cpbammm Ia ogxer enb@limants Ble@arbmc@taméﬁ ablepst @auélﬂissoluble

ink gsc')g% RN AR e 1 o%g&bpr SalvE . Rna ‘cbeg_géﬁxgh@&ﬁvent It may be

T hore t 1s

mcqﬁbbmfdmtﬁgfwﬂhﬂledwdnm@amm thegrqsense E the carbene catalyst. Suitable

t t
R oER e BlityBfdenct Bl N BpypkSiRte oo
dimptrydfeitharhide | @RME), cémmﬂnW$uI®mdpoﬂ3MS@&xn1hpxamﬁg'1Ph08Ph0rﬂmlde

oRPEE SRR SR drg BOTRbG, chorton,

to&&)dmmétbmﬁ‘ﬂﬂyﬂﬂﬂ&bbmhm aramixmfestaf ensc'avctmnmre Gormeb (g reacuon

e

arigén bod iﬁﬁdmby)f sweobion e cfthesel It aiayd»h @bndmcttaﬂ atroom temperature

oS S RS o 5806 o5 YARE g v
abbht I &hd @ IQQM& B.dr mdiZ0am End‘rﬂy O»ed SHE) a5l zOsandr‘SO 30 and 50 10

] SR 0 S BRUTER AL RENE 4S8 25, 35 4 45 o s

orthOMy Ry ateatiad Sher 1&3}&&1\6)"@8% @haton lnmffeomﬁ depenldsm the nature of

re cted with the
ol v bR s FEFBAAT T on TR Bt Biopepore
mﬁ?dﬂo ﬂ;gjdnﬁ &nahe 6&6® oithé kblﬁene ﬁiﬂd)dielmnttenifbtmnmfalﬂw sitbstrate, the

coppes catahiy, gty by ot 56 MY sl PORE B O Bfbid B beoween
aHRROY hitbsbodt TI00RRSS of Betwhyttiboai $ 3idat00n Y0 aml HIOc2hald 100, 1 and

s dmpent Liva 20 hood B 16 e 20,3654 ol o 3R 20 g S 20 goa 28 o
22@1&026 hdits, fortekhmplerab&ﬁtlr afy di; 656,17289, 10f 11, he, &, astml, 22, 23,

A5t ot 500 P S5 S gy P B 3B .55 o

1005hdis, Br ndly beeAste MROUD0 2urs3The PhocestQnayfomdRe sEfrating the

70, 80, 90, 95 or. 99% ret ention of chir
pradust frem bereastion THKBYT 0% B TATRIES it ity 4 T carbene
ca?é@%@ di MRBuble! BE Y S8, Woxbﬁo@ﬁblﬂi K&ﬂar'cﬁlbhy &va@bﬂﬂﬁbn of the

nmay be a chiral alkyl silyl ether. X
solﬂenmﬁaﬁam eRilelistan ObﬁonFFa?thB%sega@P?%/ proges, i rpy Sgpprise a

co&&ﬁﬂaﬁbﬁbfﬂchﬁfd&ggses depending in part on the nature of
t he hydrosil ane. 301 n_anot her enbodi nent there i

pr Jihed'é’éceél%‘ﬁ% el therybstraia i R FORRT Mrhde DEGYRER .ag‘?‘ﬁgo 1 and

absm' Sbebiided aB@&tWéﬂd @9@9%@'0900 2 aR0H YR ERE]L, 0, 2 and 0.5 or
earl :cue and a hydr osi | ane. n&dro& | ane

0.5 4l SV ciscabont & by b, OoiOy25: 0.3 -5, 0.5, 8.6, 67.0.8, 09
monohydrosi |l ane, a trihydrosilane or may be:
tetrahydrosil ane. The disclosure al so provides a
product when '
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6 made by this enbodi nent. The product may be an
amne, for exanple a primary or a secondary am ne. In
a second aspect, there is provided a product when
made by a process conprising exposing a substrate to
a hydrosilane in the presence of a netal-free carbene
5 catal yst. Brief Descriptioh of the Draw ngs. A
preferred enbodi ment of the present invention W||

now be described, .by way of an exanple only, .
or éMe ree seme tothet H@t@lﬁc@mﬁﬂg dapadinggs Rﬁﬁé?ﬂeﬁhﬁ Solubﬂlfy .Of the

sﬁ%s?éi{ %&m%'ﬁ%l@? 5&9 chene showi ng a prot ocol

Fhe” as r03| ylation to of ketaones o
ac c Ei‘hdpmgess may hen @mbsfraﬁﬁz/’@rtb¢ predugtivgiiagy 121d§ﬁ %/%ast 75% on

elarstiaglg L4k f‘eﬁstoagoﬁ%y % gz Qs 9‘Jm9§ 3k 9§%§n8& 'ﬁﬁ&%ﬁ@n may

¢les, herein; 'Figure

beemmbmmmscmmtaﬁw Tpoayhaneie vickd af sheat % 0ohe 90 95 96, 97, 98,
dr g 1y Ao
L b

anli sm
4I;1§d>r osird §hlaa15| woducE. ghe @t@ ml@\wé peodpgiaanay s asclseibed ghove. If

ngqr%ﬁgﬁ"_c'i%e CH% u!c'y %segrodﬁgeﬁ,eeﬁﬂ qﬁcﬁ:ﬁbﬂ&éﬁﬁ’} RN J}ymay not be produced
enantioselectively as descnbed earlier.
' In an embodiment there is prowded a process for hydrosﬂylatmg a carbonyl

_ éompound oompnsmg exposmg said carbonyl compound to a pDIymenc carbene and 2

hydrosilane. The process may be an asymmetric hydrosﬂylatmn of the carbonyl
compound. The hydrosﬂane may be chiral. Tt may be a chiral alkoxyhydrosilane. The

- chiral alkoxyhydrosilane may be formed by reacting a chiral alcohol with a dxhydrosﬂane '

in the presence of a-polymeric carbene. The polymeric carbene used for forming the chiral

alkoxyhydrosﬂane may be the same as or different to the polymenc carbene used for

hydrosilylating the carbony! compound. The chiral alkoxyhydrosilane may be sepa_rated
‘before it is reacted with the carbonyl compound, or may not be separated The disclosurc
also pro‘vides a prodﬁct when made by the process of this embodiment. The product may
be an alkyl sﬂyl ether, and may be a chiral alkyl silyl ether

In apother embodiment there is provided a process for hydrosﬂylahng an alcobol
‘comprising exposing said alcohol to a polymeric catbene and a hydrosilane. The
hydrosilane may be a mono-, di-, iri- or fetrahydrosilane. If the alcohol is a chiral
(asyninietric’) aleohol, the reaction may proceed with at least partial retention of chirality
(e.g. at least about 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 95 or 99% retention of chirality).
The disclosure also provides a product when made this embodiment. The product may be

an alkyl silyl ether, and may be a chiral alky} silyl ether, It may be a sily! monoatkylether,

or may be a silyl di-, tl‘l- or tetra—szlyl ether, depending in part on the nature of the

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

- comprising exposmg said carbonyl compound to a polymeric carbene and a hydrosilane.

The hydrosﬂane may be a dxhydromlane Alternaﬁvely it may be a monohydrosxlane a

tnhjtdrosﬂane or may be tetrahydrosilane. The disclosure also prov1des‘a product when
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 madsr bwnthiy eendieenty TheoBrartt oo, bel 42 4)°

- hjrd;osﬂylation.

Figure 6 shows a reaction schenme for poly-NHC

catal yzed sil ane al cohol condensation and asymetric
ket one hydrosilylation reaction; and 20 Figure 7
shows a proposed nechani sm for poly-NHC catal yzed

ket one asymetric hydrosilylation. Detail ed
-Description of the Preferrefl Embodi nents The
carbene catal yst used in the present invention may be
a stable carbene catal yst. It, may be a;ab e ynder.

0" By & Pppmery or o

' E{-&r ed at 25 about 25C (or at |ess than 25C,
Seg&éi.g&a out 20, 15, 10, 5 or 0C) in. the absence of :
oxygen and yoisturg for -8a5t, 24aRQUkRed Qhaddt by a process
| e aaﬁS?RdT% ee ’2518?6 & %%?J‘%@%Sw %‘h'out signifi cant
coflBEkAgakpOing Skgnirhicaanthydagiladan tonptesenchpba owshildiee carbene
may refer to a |l oss of catalytic activity of greater
catahgsh about 10% or greater than about 5, 2 or 1% It

may be suffici et SdRipiploh Pithé Drawhagt i on of the

present invention may be conducted w.f hou ene i n
t heA poefermdirarhedingui oy de Areser lil‘iﬁnﬁ%wﬁfﬂ%h? g"'s&F{?‘?a‘in @Y Way of

axpé)gag@g} onilﬂ Vet RREMOLY ScchRbARiMpA ingwhdrBROT t ant

pr ses cat al.ysed by het erogenequs

: 1 1 ol y- NHC . . .
Frearebleshow's a teagtip SeheyieahpwneGretard &o %agYﬁanfffﬂ’? frgdrosilylation
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Figure 2 shows the structures of pbly—hnidazoljum- salts 1 or carbene 2 particles, as
described herein; | | | —

Figure 3 shows a reaction scheme for poly-NHC catalyzed ketone hydrosilylation by

.~ diphenylsilane; ' _

Figure 4 shows a proposed mechanism for poly-NHC catalyzed ketone hydrosilylation;

| Figure 5 shows a reaction scheme for poly-NHC catalyzed imine hydrosilylation by -
- diphenylsilane; . - .

‘Figure 6 shows a reaction scheme for poly-NHC catalyzed silane alcohol condensation
and asymmetric ketone hydrosilylation reaction; and -
Figure 7 shows a proposed mechanism for poly-NHC catalyzed ketone asymmetric

Detailed Descﬁption of the Preferred Embodiments

The carbene catalyst used in the present invention may be a stable carbene catalyst.
It may be s;table under normal laboratory conditions. It may be capable of being stored at
about 25°C (or at less than 25°C, e.g. about 20, 15,10, 5 or 0°C) lin the absence of oxygén
and moisture for at least 24 hours (or at least about 18, 12 or 6 hours) without significant
degradaﬁon. Significant degradation in this context may refer to a loss of catalytic activity
of greater than about 10%, or gréater 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 cafalyst in situ. |

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

« hydrosilylation of carbonyls and jmines;



asymmetric hydrosilylation of a carbonyl conpound.
Each of these processes involves the reaction of a
hydrosil ane with a substrate in the resence of a
pol yneric carbene catalyst. WO
2008/ 039154PCT/ SG2006/ 000288 7 Thus the substrate
may be a carbonyl conpound, gan M1 ne or an al cohol .
The carbonyl nmay be an al dehyde or a ketone. The m ne
may be a kétimne or an aldimne. The al cohol nmay be
primary, secondary, tertiary, bepzylic o romafic.
The da%@mynaﬁ@g ﬁ@t@i@ﬁ@ﬁ%yetﬁé%a ?BP%%‘F&P@EW S
Rl O - zorm {E0R 8 A8 anmd.t ur e
ng(gﬁ%@%gggycgﬁsglﬁaﬁgﬂgfcohofiﬂn?% ve.lstru'tur% te in the
RI Bachid @@ee proeessds dswlves tisdparties "géf ; 3%@5‘ 8‘??6""@12? Yo
[ I, cycloal kyl, aryl or
Kﬁ%&é?ﬁ%&gﬁ&é¥gﬁ§§mg%a k%i optionally be substituted.
Rl and R2 may be joined so as to forma ring. The
ri ng may have between 3 and 12 nenbers, or between 3
and 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, 11 or 12). Sone of the
atons (e.g. -1, 2, 3 or 4) may be 10 heteroatons, e.qg.
O or N In the case of an alcohol, R, R2 and R3 nay
all be joined to forma bicyclic system The bicyclic
system may have between about 8 and 16 atoms. Sone of
the atons (e.g. 1, 2, 3 or 4 of the atons) nmay be
het eroatons, e.g. 0 or N The al kyl group may be
- straight chain or branched, and nmay have between
about 1 and 20 carbon atons (or 3 and 20 for a
branched al kyl group), or between about 1 and 18, 1
and 15 12, 1 and 6, 3 and 6, 3 and 12, 6 and 20, 12
and 20 or 6 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 between 3 and 10 ring nenbers, and may have
between 3 and 6, 6 and 10 or 4 and 8 ring nenbers,
e.g. 3, 4, 5 6, 7, 8 9 or 10_ The alkyl or
cycl oal kyl groups nmay have heteroatons (e.g. ether,
am ne functionality). The aryl group may be a phenyl,
fused aryl (e:g. naphthyl,:-anthracyl etc.), 20 linked
.aryl (e.g. biphenyl) etc. It nmay have for exanple 1,
2, 3, 4 or 5rings. The heteroaryl group may have 1,
2, 3, 4, 5 or nore than 5 heteroatons, each of which
may be, independently, N, 0, S or sone other
het eroatom The substituents, if present, nmay be
al kyl, cycloal kyl, aryl or heteroaryl as described
above, or may be a functional group, e.g. amne,
nitro, ester or ether or sone other suitable group.
The substrate may have one or 25 nore than one (e.gqg.
2, 3, 4, 5, 6, 7, 8 9 or 10, or between 1 and 20,
land 10,1 and 5, 2 and 20, Sand 20, 10 and 20, 2 and
15, 2 and 10 or 5 and 10) carbonyl, imne and/or,
al cohol groups (e.g. may have nore than one al coho
group, or may have an al cohol group and a carbonyl
group, or may have an al cohol group and nore than one
m ne groups etc.). The carbonyl conpound may be a
pol ycar bonyl conpound. The al cohol may 30 be a
pol yhydri c al cohol. The im ne may be a pol yin ne
compound. Hydrosil ati on of the above descri bed
carbonyl may therefore produce R 112.211C0OSi RaRbRO,
RIR211C- OSi R aRbH, RI R2HC- CSi nl 2 or R1IR2HC- 0OS1113,
where R, R2,
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WD 20081039154PCT/ SG2006/ 000288 8 R1LR2R3C- CSi n2 or

RI R2123C- OSi H3, where le, R2, R3, le, Rb and le are

as described before. Hydrosilation of the above
YUY i i ne may produce RlCH( NHR3) R2 whePeT/F200¢a0255
and R3 are as described bef The polyneric
carbene may conprise heterocyclic groups, and a

nnnoner uni t of 5 the polynerlc car bene nay conprlse
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o R 58 g e S R0 BB B o ey e,

independytilyp e i, alkhik wyeinyikyl, age pe heteotdy grobes hydimegeptionally be

B8, o ) R 050 0 s v
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r u ur t thio ra

UL 1 P e SR e BASTUY 3 o ) e

hacmateﬁ:@wg )0 oaN{)imyﬂe :ﬁaee of aethyil B!, B2 sad R3-npiyodlly By joined to

4- but I
feli o, Bisy e, Vet TS BieEc,sySient e HAVPATEEE 205§ s 1 atoms.
Sdne bf the aboneh (€.g. MEY Beorad bf thbatosaiiay O hsefRtoals, ag) OmaW. The

o5, A ST 15 S by BB TE BV BELIEED B o 2

catb@NRbas (@Isl@ylu 28 Qo Wﬂ&eﬁ&ﬂ@l gioub)? alsbet&e@aabb@tm and 18 1 and

£ 3ha RS S50, B0V 10 6380 103 2 21555 1o,

1814, £, 18 020 dabod,atchns. he 5ycl@alky7[ ,grc&ps Bay bfe bkiveeh 3, and 10 ring

ml4i)ﬁt%,|6an 18 &ave et\%génbg a“b(? é,p{/rgnd prr%f’{ r?nrglrgé( a{;g%!s %. g. % 4,5,
6.2, kSUQXJIr 101 'Eiétktmﬁ&:or circﬂéatlkﬁlgfrc)ﬂps Mﬁaﬁﬁﬁﬁ&}éhmztnﬁ (T .g. ether, amine
cyce meLny 0 ohexyl net hy
R T ook Wt P! S R M, by e,
litkRH | RMald.g/ bw{aﬁﬂP totf, 66l 02y GeTfor RY¥aBFle al, Ky 13, Or 6HIB, rifR. The

aryI ,grou {de or some ot her _substituent

0
GargbRigrp gay élaﬂ’e e 3> At ORT APEHTHER 5 dreterpatoqsy ga%l otvphich may
beS Hﬂ% bdrlde@iy, NYBY S BE sd¥Rs B&éﬂ’l’i@érbétbm RS JUBBRIRY 16 present, may be

ethox nethyl polyoxyeth th| nethoxyneth
i/ baterogivhas erihed ‘E)‘f?e?”rf?"l‘y gfupctional group, e.g.
anﬁﬁ@ Sidrb, Ua%fé} §r éher%r s6m@ rb%ep,suaamb groh nrh@%s&tmeﬁnafhav@ one or

and Z may i ndep endentI% bé ¢ |ra or achlrl
m@@%@%@@ﬂ& 485, G Tahdd pr 1% o0 betpeerp} @ad2f, 1 and 18, 1@pd 5, 2

an@th, 4 ARY200€0)-8H P8d2 tad 18! B 2 d 0] F arkt Ic)Céawoﬁyl TR and/or
the rings of structure | fay have fused Or spiro- '

algabph gEpups (s . Mo bave\ypoerzoihan (929 piehelTarann v appolpgen alcobol

- group and a carbonyl group, or may have an alcohol group and more than one imine

groups etc.). The carbonyl compound nié.y be a polycarbonyl compound. The aicohol may
be a polyhydric alcohol. The imine may be a polyimine compound. '
Hydrosilation of the abeve déscribed carbonyl may therefore produce RIR*HC-

OSiR*R™RE, R‘RZHC-OSiRaR"H, R'RZHC-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’RY, R'R’R*C-OSik*R'H,
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9 exanple ifrepresents a single bond, A and E (or any
ot her pair of substituents attached to the sane
carbon aton) may be joined to forma cycl opentyk

O HRERH or some other ring. In the case mﬁ(éf/g(};gowooozss
and E forma cyclopentyl ring, this would for exanple
forma 1, 3-di azaspi r o[ 4. 4] nonane structure.
Alternatively, A and B (or any other s pair of

REREICRER AR APRE e, AORRTET: 7 O R e

 bafitrheHydiositption of theesbows desatibrdeinfina nohy BrédmcerRACHINHR)R? where -

cyel opentyl rin hi.s woul d for exanple forma ~
Ry a?f?gr i%%ﬁ%f’%ﬁ??%?‘ octane structure. Further, if
r efitegeiiseri @ibegt endp@pohprife heidrobydl@rgranyg, otdhemopaner unit of

of substityents attached,to e .sane carbhon_ ato nay ;.
0 ppB Dk ot e e RERES il ek I By B fliit P tinker
growy, Foneaingie byuitable pdyuiekie clxbent: mInhsvefsanctaednpl e t he

pol ymeri c carbene may have structure la, |Ib or Ic.

Those skilled in the art will readily appreciate that
ot her variants pre possible and ate included in the
scope of this d*%cl osure. la.R'"N-NNF G C
==y Gp=Zln
A BF C b
¥
In struchure I, == represents either a single or a double bond, wherein, if == represents

a double bond, subsiiteents E, F, G and Z are not present. Substituents A, B, Cand D,
and, if present, E, F, G and Z may each, hdépendenﬂy, be hydrogen ‘or a substituent
which is not rhydrogen,. They may, independently, be hydrogen, alkyl (e.g. straight chain,
branched chain, cycloalkyi), aryl (e.g. phenyl, naphthyl), halide (e.g. bromo, chloro),
beteroaryl (e.g pyridyl, pyrrolyl, fhraﬁyl, furanylmethyl, thiofuranyl, imidazolyl), alkenyl

(e.g. ethenyl, 1-, or 2-propenyl), alkynyl (e.g. ethynyl, 1- or 34ﬁr0pyny1, 1-, 3- or 4-bui-1-
ynyl, 1- or 4-but-2-ynyl etc.) or some other substituent. A, B, C and D) and, if present, E,

F, G and Z, maybe all the same, or some or all may be different. The alkyl group may
have between about 1 and about 20 carbon atoms (provided that cyclic or branched alkyl
groups have at least 3 carbon atoms), or between about I and 12,1 and 10,1 and 6, 1 and
3,3and 20,6 and 20,12 and 20,3 and 12 or3 and 6,e.g. 1,2,3,4,5,6,7, 8,9, 10, 11,
12, 14,16, 18 or 20 carbon atoms, and may for example be methyl, ethyl, 1- or 2-propyl,
isopropyl, 1- or 2-butyl, iéobutyl, tert—bﬁtyl, cyclopentyl, cyclopentylmethyl, cyclohexyl, .
cyclohexylmethyl, methylcyclohexyl etc. The substifuents 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 methoxymetbyl,
methoxyethyl, efhoxymethjl, poiyoxyeﬂlyl; Thiométhoxymethyl, 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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I b Ic In structures la, Ib and Ic, J, K L

and M may i ndependently be =CPQ orI =NP, fv\,he/lra\e P and dQ
ar e |nde endently, as defined earlier for

WO ggp/o %ﬁpl e J, )}2 L and M may,. |ndependent‘r’?/T’S(l?j?(—fz"j'mm"zs8
=CHz2, CHCH3, :CHPh =NC113 qr =NPh, or sone other

sui tabl e doubl e bonded group.” As a further

alternative, if represents a doubl e bond the rings

20 0 tructure | an natlc or

%ngﬂ Ie Ar omaf TR G SI%}EE’OFE P gﬂr]ﬁi)lE rp%r of substituents
ataclizdre the smye baben sibm) edayrte jbihed fﬁd)fdrv\%ﬂ@c&dlopentyl cyclohexyl or
SR s s 0urib b el =Mk o otopentyl ring, this would for

example form a 1,3~diazaspiro[4.4]nonane structure. Aliernatively, A and B (or any other

. pair of substituents attached to adjacent carbon atoms) may be joined to form a

cyclopentyl, cyclohexyl or some other ring. In the case where A and B form a cyclopentyl
ring, this would for example form a 1,3-diazabicyclo[3.3.0]octane structure. Further, if
PES represents a sihgle bond, A and E (or any other pair of substituents attached to the
same carbon atom) may represent a sing_lc substituent joined to a ring carbon atom by a
'do'uble bond. Thus for example the polyfneric carbene may have structure Ia, Ib or Ic.
Those skilled in the art will readily appreciate that other variants are possﬂ:)le and are

1ncluded in the scope of this disclosure.

R, AU o .~ L

\

J K L M Ia

R ~ .
AN ON-R—NT N
i G e
J , b
R :
EH ' HZ n
A ' D
J K Ic

In structures Ia, Iband Ie, , K, L and M may independently be =CPQ or —-NP where P
and Q are, independently, as defined carlier for A to G and Z. For example J, K, L and M
may, independently, be =CH,, =CHCH;, =CHPFh, -NCH;; or =NPh, or some other suitable
double bonded grdup. As a further alternative, if == represents a double bond, the rings
of structure 1, may be fused with an aromatic or heteroaromatic ring. Thus for example

polymeric carbene I may have structure Id (optionally substituted on the aromatic 1ing).
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10 1d In structures I, la, Ib, To and 1d, R and
R are linker groups. R and R may each

i ndependent |y, be a rigid |'inker group or
VH%?\"O?P i or semi-rigid linker group. Sui tab¥€”§?ﬁf’ﬁ°0°288
l'i nker groups include aromatjc groups, heteroaromatic
groups, cycloaliphatic grouﬂg suitably rigid al kenes
and suitably rigid al kynes. Suitable |inker groups
include optionally-.substituted ethenyl. (e.qg.

t henedi yl , propen- 1,2-diyl, 2-butene2, 3-diyl),

d|yI propynedlyl

1), aryI (1, 3- phenylene,
-ﬁhphthylene, 1, 4- napht hyl ene,
1, 6- naphthyl ene, 1,7-naphthyl ene,
heteroaryd (e.g. 2,6-pyridinediyl,

' |2| ﬁ!&byﬂ'g Sy ylerb %c iﬂc\gﬁ;;ﬂﬁ[{ﬁiﬂ%yﬁ%é@%r %Cl oﬂ aﬁ/cl R’ may each

u?dé%érﬁ@ﬁlﬁﬁ RE Q'rYéld hiik& Gyl onanf boe ,ndt1~yi|g1d or sem1~r1g1d hnker group.
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groups Ingudg ogtionally suhEiy yﬁe glet%enedlglt propgp-1 2—c’11yl 2-butene-
2% s ﬁute%g,%gil Ye.g. Zetﬁ%&ﬂﬁ ng@medl 1, 4bﬁh—2/3-—yﬁ&-0,4—&ﬁ?]§ aryl (1,3-
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as ker group

‘pmmdlzb@bizpmol@gﬂ 28@3%{391261 ’@ﬂ@b@q(“@i {35 E? cyaohexanedlyl 1,4-

cyélgﬂe%gigiﬂﬁ) P3¢ C&él% Q&M@&F ﬂB@?(ﬂoﬁJ(i%ﬁglyﬂ-ﬁQr)oups ‘Suitable non-rigid

oéﬁ%mzyngléémh@r @@uwlue:le c(é%fb&m HHSFC e 1325%853} Wg& bt 10, and
thes€ m Eq?tfﬂﬂ%]l $ SubliAkd ARABF BFansHetil § gt m,@;ﬂetﬁdi@&gfl 01f2 or 1,3-
i

struc mlarly, the copolyne

~-pma9ed@rlel Ey ge-of-4noh 8@@%@6{% {2- gty LSRRG Ava eic. The linker

g§d(§'u?\$ Yl UOQA[HMS fEHr(b éebjgan Mr orOB, Qmt ﬁr‘grgup, a halide or

nt types “of .nononeric ‘unit, each of

serge @de FilisEECRi) o S0TY0ROLIBISy AEICIeEoR I5Bsh 15 Qg ﬁdNoﬁelgia suitable
1%5 %z%}? PRd{ Bk t@izoc“ﬁ;e @@g{)@m@ﬁz—patﬂmmmsbﬂ n%oﬂzmm)p

| ClI entI ar yITETI C carbene
borormb et 100 1T BIORn O TH A g6 on CH:SCHy-

be greater than about 5, or greater than about
, 15, 20, 30, 40, 50, 60, 70, 80, 90, 100, 200,
300Tha®gbnsngtmﬁ@@cIumobeaomwdgmﬁrdﬁ f@GGmﬂaFﬁﬁﬁﬁmbémmomﬁf

L e

pnamerio 0niL, % sherin F0Oirectand, SUNSY ETADTIEG 25 3K dNare ﬂia_@o? different
tﬁ:ﬁ-g of 910519111@1”9 uél(f),oeagﬂ AhidPR RUcdMbed o' for ?)Qlymenc carbene I

(and/or Ia, T, Ic and/or 1d). 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 énd 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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WD 2008/ 039154PCT/ S&2006/ 000288 11 and 300.n may be
about 5, 6, 7, 8 9, 10, 15, 20, 30, 40, 50, 60, 70,

80, 90, 100, 150, 200, 250, 300, 350, 400, 450, 500,
BOasHHES4 800, 900 or 1000, or may be some oPHEPG2006/000288
val ue. The pol yNHC may conveniently be nmade fromthe
corresponding salt, e.g. halide salt. The

carbene catal yst may be a stable diazolium (or

g st g oot 3 FL S 2 o lnda. 30 s 20100, 0. 200,

250N%T00, §531, 4@ aAMI560,05000TE), 800,900 br 1001 dramayi l’oersn»gr&mther value.

- e

gand D are as descleed earller In structure '
ents geither, a SI

V\/n er ﬁarls)§rp catalystmay ?"e’i‘;? mago gm'ﬂ@a B‘fn@' % .bo carbene catalyst. It
B0k bBshheGrowd ohlthadiazdiin @F ﬁﬁﬂ&iohuﬁil) bﬁiﬁj ﬂ'obl efdrgple on one

o oS Sisenivare ey e St e %@;cﬁfwa@”e PRy example

Hakdanereent | v, \ be ol i goneric or polyneric,

gal SR b
Ac DB il |
where A, B, C and D are as described eatlier. In structure 11, == represents either a

single or a double bond, wherein, if == represents a double bond, substituents C and D
are not present. Substituents S* and S® are groups such that the carbene catalyst is stable.
They may be stabilising groups. Théy may, indepéndenﬂy, be oligomeric or polymeric, or.
may be not oligomeric or polymeric. They may, independently, stabilise the catalyst
sterically and/or electronically. They may stabilise the catalyst so that jt is stable, but is
still capable of catalysing the reactions described herein (i.¢. hydrosilation of a carbonyl

or alcohol or reduction of an imine). They may each independently be for example t-

* butyl, phenyl, trimethylphenyl, adamantyl or some other stabilising group.

The inventors have found that ketone and imine hydrosilylation reactions proceeded
very smoothly and cleanly over poly-N-heterocyclic carbene (poly-NHC) organocatalysts,
The novel heterogeneous catalyst was recyclable. Only about 1 mole equivalent of silane
was peeded, and quantitative product was attained under mild conditions. Poly-NHC was

also an excellent catalyst for the dehydrogenative condensation between a silane and an

“alcobol. Asyﬁnnetric ketone hydrosilylation was achieved with cheap and easily

accessible_sécondaiy él'cohol 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 envil;omnentaliy friéndlj 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
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15 may be not oligomeric or polymeric. They may,

i ndependently, stabilise the catalyst sterically

and/ or el ectronically. They may stabilise the
VEQEWPYEES4S0 that it.is stable, but is still 3%3%%4"@6"009283
of catalysing the reactions described herein (i.e

hydrosil ati on of a carbonyl al cohol or reduction

of an Mai ne). They may. each i ndependently be for

le t- but h th ... tyl .
RGBSR e LbisrEHS TGE yhish B PR G STy it cao
iEAuUp didehedcikataa @r@uihdmmmm&ﬂwﬁwdmts; aid meﬁfaiu@mﬁe yield

. proceeded very snoothly nd cl eanly .ov
oﬁdhe;, degiredt e clpasg c@g;‘l éeE(CBBPﬁ/Uﬁiﬂﬂe ifficult to control. Thus a

121880 96RLAhY & fhe p'EEb%nﬂﬁx\(r@:kudi\eih@i egemu&d Gﬁtaaﬂlqtzslﬁasibaﬁedmm |

recycl able.. Only about mol e equi y
Thek ma e sendugisd ﬂh%’awﬁia’c %\ﬁ RE 7hPioutiet mﬁﬁ

AL = (e ﬂmﬁﬁﬂ&iﬂ@' &NSss (Fa Ao 60854 &d Z@r atﬂa A eebdtedén about

< rﬂ%nbe conducted

mdARS. bR R b § REEopdE 7EY. 1and

Y dhOs) 1 éﬂd@t B QR WesSarRIChbry &l wetghattabam asg7.er5id 5.5, 5, 4.5, 4,
accessl bl e secondhry al cohol as the chiral source.

ThBs2prodesy lereates a new and easy nethod for
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be over-reduced by silane. On the other hand, the
reaction did not work in is diehloronethane and
toluene. Both aryl ketone and al kyl ketone were found
to be active in this reaction (see Table 1).
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A proposed reaction nmechanismis shown in Fig. 4.

Di phenyl silane was firstly activated by nuel eophilic

NHC. The activated silane then reduced the ketone
VEQPWEAMS% 0 form sil oxane, while rel easi ng NE\l/$@006/000288

cl ose one catalytic cycle. In nost hydrosilylation 20
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stirred at roomtenperature overnight, and the

product was characterized by GC-Ms and NWVR
phenyl1(1-naent hoxy)sil ane -4 was produc,ed in
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affitBECRY! HlokBXAE et HadRTUGE 12! ARC bkl RRMFtution by
organocatalysis. |

Experimental

Hydrosilylation of ketone and imine. All reactions were carried out in inert atomosphere.
For enfry 4 of Table 1, 2 (5 mg) was suspended in THF in a 10-ml vial with a stirrer bar
rin a glove box. Diphenylsilane (0.2 mmol; 37.1 pb) and 4-methoxyacetophenone (0.2
mmol, 24.5 pl) were then added to the reaction vial. The reaction was stirred at room
temperature for 24 h. Diphenyl(l—(4—m‘ethoxypheny1)ethoxy)silane (MS, M 334, II—_I ,
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. '

A.symmetrz‘c 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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151 n sunmary, three navel and inportant processes
have been described. Ketone and i m ne hydrosilylation
reacti ons proceeded very snoothly and cl eanl

- WR&0BBIYIAN C or ganocat al ysts. The novel het e¥%ﬂ%ﬁ?é’8(tﬁ%°‘“ss

catal yst was recyclable Only equi v. of silane was
needed, and quantitative pr ct was attained under
mld conditions. Poly-NHC was al so an excel | ent
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s%aea logese, Reisdbiionomoghs, Gphem EuemhBivg s ehpoyidi-
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D| phe% (1 (4 net hor yphenp—let hoxy) si | ane i t '
Q- Mureirotpgyed

uging chipgl G wasy or@pg to ajc 0]7 ® k- ﬁ*lenylethanol

v@agfn:l()du&@,g 40%,ee211), 5.85 (s, 111), 5.1 (q, 111), 3.4
311 (d, 311‘)@%} was_ t he onIy product in

T@bm Ppémi@ (3 eatalyasd kefgne ndipyingd ﬂmmmwl_m_

rwrosn |yl atl:; uc?f ketone % I ogipi 1 al

alom Vi @l vvlth a.stlrrh)sbar D|phenyIS|Iane(02
anI 3V, J1 WO 200 9154PCT/ SGZQ%/ 000288 16
a (-) nment hoI (0.2 mmlPh 3. 8 ng) weré t hen added

to the re tlon vi al . eoﬁ&actlon was stirred at
roomte ure over ni nd t he product was
char act |zed by GC- M5 an >95

Di phenyl(lo ment hoxy)S|I I\/B M+, 338, 111NWR
(C6D6) , r2-7.4 (n, 583 (s 1H); 3.68 (in,
1W1); 28 7 in, 1H); 2. 8 d 111); 1>451.6 (m 711);
0.84 (d, 5 3%1); 0.78 (d, 3&@%0 74 (d, 311)) was
produced iy q antltatlm&%_éﬁ\d‘ﬂ Next, acetophenone
(9.18 nt8T™ 22 id) was added to the r&&8tion vial,
and the reaftion sol ution WS@P'SII rred at room

nper at or 72 h. henone was %r ansformed to
h“{idr osn'fyl atiort product P;l\n gxcel | ent )? el d. Besides
the desiregl product

di pheny@e’ﬁthoxy( 1- phe 0 hfbxy) si lane, sone sil oxane

r@di st riduti on products, di-phenyl di nerttioxysi |l ane and
di phenyl di @.- phenyl et hox,y) sl ane were al so observed
in GO/ nti osel ecti vi#% was nmeasured using
iral (y- TA) aftertf]hé\ p?’oduct was gir ansformed to
al cohol . (R henyl et hanol produced in 40% ee.
- Tabl e 1/3\P (2) @_ﬂ ket one and im ne
Wy dr osi 11 at | on with di nyl sil ane, ' >95

Al Sclzjot%l }t{o%ts f()fgo LGt %k’/e 09 P%l@ IQHC 0.2 mmol of ketone, 0.2 mmol of
diphenylsilane, 1 ml of THF, room temperatu:re, 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.



"Reaction conditions for ketone: 5% of Poly-NH 0.2
mmol of ketone, 0.2 mol of di phenylsilane, 1 nil of
THF, roomtenperature, 10-36 It Reaction condition
WQIOPMORY: 25 5% of Pol y-NHC, 0.2 nunol of |¥%‘{5$‘é2006f“°°288
0.2 mmol of dlphenyIS|Iane Ié m of DMF, room
tenperature, 16 h. Yleld et er m ned by GC and
G/ Ms. 18 Clains: . A process for converting
a substrate to roduct conprlsing exposi ng the
“@@5§?¢§F§wéﬁyg ane-in the presence of a
netal -free carbon catal yst. 2. The process of
claim1 wherein the step of exposing consists of
exposi ng the substrate to the hydrosilane in the
presence of a netal-free polyneric carbene catal yst.
3. The process of claim1l or claim2 wherein the step
of exposing consists - of exposing a substrate
sel ected fromthe group consisting of a carbonyl
conpound, an intimand an al cohol to the hydrosilane
“in the presence of the netal-free carbene catal yst.
4. The process of. any one of clains 1 to 3, said
process being a process f.or converting the substrate
to a product selected fromthe group t,onsiiting of a .
silyl ether and an arnine. - 5. The process of any
one of clains 1 to 4, said process being a Process
for converting the substrate to a product having an
cnanti omeri c excess of at |east about 25% wherein
the step of exposing consists of exposing the
substrate to a chiral hydrosilane in the presence of
the netal -free carbene catal yst. 6. The prooess
of any one of clains 1 to.5 wherein the step of
exposi ng consi sts of exposing the substrate to S
amount of the hydrosilane of about 100% of the anount
of substrate on a nole basis in the presence of the
nmet al -free carbene catal yst, 7. The process of
any one of clains 1 to 6 wherein the step of exposing



consi sts of exposing the substrate to the hydrosil ane
in the presence of a netal-free main chain polyneric
car bene. 8. The process. of claim7 wherein the
step of exposing consists of exposing the substrate
to the hydfosi.l ane in the pgesence of a netal-free
polymeric main chain N-heterocyclic carbene. 9.
The process of claim8 wherein the step O exposing
cofigingt s of exposing the substrate to the hydrosilane

in the;pre &s & 9&&1@;‘ §b8RcROL YRRk GonGAk i
cat;a\ilpgst o?)@}g}t:gruﬁ%ruré1 Amsn%ed Shéc%garLP%A%ge%omg

" \Japfuigedratedonabydtost B@@W@l ametal-

ei ther2a simglpeocess o dambl ewlomindthe wheer i qxposm& gonsists of

repr | . eff
eg{pnorgwé? seugseh%%% o @g&g%l% ﬂp@% fend &aaﬁg’etgll ffc@‘ p%% &

pr@é’é?ﬂcmﬁst F, G and Z are each, |ndependently,

hydr ogen o r'rhe p.toi:@paﬂctaym 3 l.zbbsmiirt mmxﬂh&syép of atppbing consists -
ha lgéposnélhet gr %e&:‘cteg lﬁ'lé?nn & gr%{zp %clmlé nz*)élo’f a@m%ngd %x]:?pound
an imine and an alcohol to the hydrosﬂane in the prcsence of the mefal-free carbene

catalysi.

4, ~ The process of any onc of claims 1 to 3, said process being a process
for converting the substrafe to a product selected from the proup consisting of a silyl
ethcr and an anine, _

5. The process of any one of claims 1 to 4, said process being a process
for converting the substraic to a product having an chantiomeric excess of at least
about 25%, wherein the step of exposing consists of exposing the substrate to a chiral -
hydrosilane in the presence of the metal-free carbene catalyst. - '

8. The progess of auy one of claims 110 5 wherein the step cf exposmg
consmts of exposing the substrate to an amount of the hydrosilane of about 100% of
the amount of substrate on a molc basis in the prescnce of the metal-free carbene
catalyst, ) o

7. Thc process of any one of claims 110 6 wherein the step of exposing
consists of exposing the substrate to the hydrosilane in the presence of a metal-free
main chain polymeric carbenc .

8. The procms of claim 7 wherein the step of tmposmg consists of
exposing the substrate to the hydrosilane in the presence of & metal-free polymeric
main chain N-beterocychic carbene. _

9. The process of claim 8 wherein the step of exposing consisis of
exposing the subsirate to the hydrosilane in the presence of & metal-free polymeric
carbene catalyst of structure I '

~ Amended Sheet
IPEA/AY



nis between 5 and 1000. 10. The process of any
one of clains 1 to 9 wherein the step of exposing
consi sts of exposing the substrate to the hydrosil ane
in the presence of the netal -free carbene catal yst,
sai d catal yst being presenti¢in an anount such that
the proportion of active sites in the catal yst
relative to the substrate is between about 1% and
about 20% on a npl e basis. 1. The process of
any one of ‘claingrl @ 1Q.addghti @nally conprising
reusi ng the net I-fFeeNCaFB rte ¢atalyst in a
subsequent react} oﬁé——éf'(l “process of any one
of claims 1 to 11 vher&in the step of exposing

consi sts of exposing thel substrate to the hydrosilane
I NP Presence -of the nmetal-free carbene catalyst in

a solvent in which the carb S insol uble.
13. The proEedseler apele pe @CFJ%& ‘fr?'\{' f‘%‘ {7 represenfs @
adibuble om| duystieenp E| BiGwd Zepatoapicsegt t he -product

14. ThepPROCESS &fxf%%ntf)l?,% Bfan ghmc},rl mhaw&&nﬂ; B dlogen

proceSs$ beéi ng proce rosilylating a
cwfbewﬂimh%mii@h at: héldgst!@ rogfyL: é‘kﬁ&é?ﬁé}%ﬂns. sts
of exRami RYxS Bhitr Eatd0mMi| conmpound to the hydrosil ane

in the sen T netal -free pol yneric carbene
catal ¥ ¥B§% gT@ﬂo e process of claim 14 wherein the .

step 0P expUweipmyessofigivsms obflaimedde o ithessin the aer Hforyesing

COogRauaG: éfnsﬁ:ﬁ(ﬂliﬁ iBdiraid ik @Y Mﬁ&&ﬁl&&l ih B3 @rdsdhod HEthe metal-fee
prese nce

B T Tt S R C%f?“m B Sy
t heiied sisps mfthcrcetakyttlrdgwatcdm wb*imml mwtwﬁen Wparh! 99 and about: 20%
+Jyg&9§&&ane in the presence of the netal -free

nmeri c carbene catalyst to form -
aIkoxﬁﬁydro@*ﬂ%ﬁﬁ?g%&%ﬁd@ﬁ‘éﬁ@%?ﬁFﬁ%ﬁ?ﬁf?moﬁ%yfﬁm$ﬁgg
pr@&ﬁ@ﬁh@&ﬂﬂ“ﬁhﬂhﬂﬁmmﬂﬂyﬁnﬂvmhem$$GEMD@1eXpOS|ng is
condug %y dr V"rﬁe*},?&kss%? RAS &b 'opéiaxﬂxfs 14081 Ghdrkid he atep of cxposmg

al koxy osi I'a he process of g@g >
of cagFigF AEexposing ﬂl%s“b%redo Bﬁﬁ&&@gﬁlaﬁe‘fl FEesRet @b UE TP Tee
hyehiigsi batalgd imgsobwnich wbish Iheapicnsvatplyptis inpriubda. ep of -

expesi;ng COﬁ?'ngr% b nced}g?éﬁgq t@lﬁoﬁaiuoﬁsﬁ’lyt&ﬁmmmg

hydr05|lane | e pre .nmetal -free polyneric
cammgé’éﬁmd}dgft _
14, The process of any one of claims 1 to 13, said process being a process

for bydrositylating & carbonyl compound and the step of exposing consists of
exposing said ';carbonyl compound to the hydrosilane in the presence of a metal-free
polymeric catbene catalyst 7
15. The process of claim 14 wherein the step of exposing cDﬂSIStS of
exposing satd carboity} compound t0 4 chiral alkoxyhydrosilane in the presence of the
- metal-free polymeric carbene catalyst, _ ' | _
16. The process of claim 15 comprising the step of teacting a chiral
alcohol with a dihydirosilmc in the presence of the metal-free polymeric carbene'
catélyst to form the chiral a]koxyhydrosilanu:. |
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19. The process of any one of clains Ito 13, said
process being a process for reducing an imne and
wherein the step of exposing consists of exposing
said irnine to the hydrosilane in the presence of a
metal -free pol yneric carbed@ catal yst 20. A
product when nmade by a process conprising exposing a

substjate to a hydrosil ane in the presence. of, a

Tt a1 Uf 1 o TBR PSR Op e Yo pherein te i 0t TREGing s Sondpeteg
C nathont 2pambiar oite ching akoepydbsilereposi ng consi sts of |
EXposifxg a Tﬁé‘{:@&!&é’ b A9 g%g&f%ﬂimsalnm A sfﬁ@ pgfcestélﬂel:i@;% fofalafal

to the hydrosflane int presence of a netal-iree
pémprdpsilylagiag ahusbolkamd gyt R SRS CoIET f RRsiRg
Sisdi¥l latcOhd1@6 HQ hydFbsiift ME the presence DL & ridd-fips PalwebricOfarbene
claim 20 or claim2l1 wherein said product is a chiral
al® silyl ether. Anended Sheet | PEAJAU

19. = The process of any onc of claims 1 fo 13, said process being a process
for reducing an imine and wherein the step of exposing consists of eiposiug said
iming to the hydméiiane in the pregsence of a metal-free polymictic carbene catalyst

2. A product when made by a process comprising cxpesing a substrate to
a Iydrosilane in the presencs of a metal-free carbene catalyst.
' -21.  The praduct of claim 20 wherein the step of exposing comsists of
exposing a carbonyl compound, an imine or an alcohol to the hydrosilane in the
presence of a metal-free polymeric carbene catalyst, said product being an a silyl ether
oran amime, :
22.  The product of claim 20 or claim 21 wherein said product is a chiral
alkyl silyl ether. - ’ |
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