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Al wish it need not have happened

"So do |," said Gandalf, "and so do all who live to see such times.

But that is not for them to decide. A | | we have to deci

J.R.R. Tolkien
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Ar Aryl

BAF,  tetrakig(3,5bis(trifluoromethyl)phenyl)borate
BCF tris(pentafluorophenyl)borane

Bn Benzyl (&)

Bu Butyl

Ch Chalcogen (Element of group XVI)

DFT Density functional theory

Et Ethyl

Exc Excess

FBN p-fluorobenzonitrile
h Hour(s)

iIPr Isopropyl

Me Methyl

Mes Mesityl, 2,4,6trimethylphenyl
min Minute(s)

mol Mole(s)

Nu Nucleophile

Pemp Pentamethylphenyl
Ph Phenyl

RT Room temperature
S Second(s)

tBu Tertbutyl

THF Tetrahydrofuran

TMEDA N,N,N',N‘Tetramethylethylenediamine
Tol 4-Methylphenyl

XRD X-ray diffraction
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1 Introductio n

During the years, silicon chemistry has been thorol
industry. The massive interest around this topic re
be prepared together withudtespe dieces apgesoss prompemt:
omeric silldmeschehentiheegi | sequ)soxacemne pol ymers, theseé
havbeeen stimulating the imagination of chemists all/l
f uel iunngs taonpp ablfAmomigos heydi fferent fields this cher
wi || maisn loyn ftohce deempophdenfobdbm a molse@aultamgpédmdm
silanes and expandi nignupattoi e tssirddo xctahmeer sascytnetr i zat i on

si | yl i umolieocnusl e(s featuringi hapgmst heekbyRFethapgeted

1.1 The beginning in' s ilyliumion chemistry

Silylium i onst hafreca tauorpee d igkthéasdegedni cat omei f or mal oxi da
stat These species have been thoroughly studied b
spotildughtthe i r extremely potenThaen dhivgehr smaati drealr eakcu n
sil(@@nMHtheceastchodnsbi med heinthlanced L eaw éc caecsi sdiibtlye

precufeporpreparindgefti hgd i upnec¢cioms assfpohrinchiys idreg i a atbd le!
t ransrmettiadmn f ree pr oc ecsisde sc.atFarloyns iLde wdas olhied Il u oA li dhaart i «
actiaonnds smal | aenoil wawil €yl i ual § @wearp phavae t o ap preaanli-f ol d
ing chemical transformatieohs peowhhgaoiaasesviassdcat al y-
syst ems:m.ce the isolation [PHC)t me HEOTMIdU e ctAfedotc att h @ (
silicon and carbon both bel ongc heomilgsatoserg eXil M oi mprtetda
whetdieryl ium ions could simply be described as the
i cal properties, reactAil ¢ ihthygdmsli demidn gt Be t pati @odi c
these two(eelgdmeaentronegati vityet)cserxerypopbhaanmeabrirl pboy
directiomtofal aypbighetrhetadthilairfpmed i tolne olieavi er conge
compari scmxpfeiridment adniwyeé e vayisieetmse garse phas®inder ed

the contrary, in the condensed phase both the diffe
silicon as well as the biggsetrabsiilziez aotfi arheofl attheerpo gi
ian enhanced tendency for tihe-asidldiocnooardsap aimhm ¢ Dr & 00 r «
hedr al ¢ onlfhorsmastpieocn f inci cs eatn do fs teel reiccs ipbryol pi eurntp id @sn-sg i v e
l'iar reactivi tty,l eumepfitesg read@m il ®WV ntgo trheeanct promptl y w
el ectrolm specineusc | sevocphhidse s, solvent.$ nof aevenwboluert e
cations cobud di sadlreetaeddy and heh dreagd tnerd mee d¥itrpeh es e2alr ¢ h

for a silylium ion witheonud tamdreeaftand hgzanpeamaetr atct
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conf or mant i m@antrt o t he

1901 First report on [Ph,C]* di st orted otbettardaafhh-e dr o n
1975 First attempts to synthesize silylium ions ter stalniaimetdat i om m-
R,SIOCIO;

plicitws Btab®dsized

1993 Isolation of stabilized silylium ions 'yl i smeis@® dtciotng hy
[EtsSi(tol)]*[B(CsFs)al, [I-PrSil [HCB1HsBre]

ued until onsStaemntury | a
1996 Application of silyliumions in hydrosilylation . .
PP y Y y ing from the scefminal att
1997 Isolation of the first free silyliumion Corey JJalthemists had t o

[Mes,Sil [B(CoFs)al , _
tune the reaction condi i
2002 X-ray Characterization of the first free silylium ion

[MesSi]'[HCB;,MesBrg] cluding any possible thr
2005 Application of silyliumions in Lewis acid catalysis stability of the newly
and C-F bond activation l'yliumandhing t hese spe
2019 Isolation of [SiH5]*'[HCB4{H5Brg] ci asifnlgadnreigeds swar e,
"4 di stsollwemtds in gener al
excluding the presence o
Figure 1 Landmarks in the chemistry of silylium ions. cl eopphspecies in the rea

enviroamkbotwetdhe de-
tection and i sex ams logd soift itvheel yf iebhaasregde dmodlirlcitudha@nsc o n -
densed .pAhabBeughdwi ftbtth&ehl enk techni ques ptthse bfeor mer t
came rpubcedures, the | atter gave new impulse to the
I n this ar enagrods ,r ol e twlaess epfih@rye dshbeglbd genat ed. por ates (
[ BEFQs, 1[CBF),al umi nea.tfeSl (OB CFndar borea.nfedGHsBe) i n-

st eathedmmonl!l yanuisdendsperchl orfspaehi 8Arng an ovefr al | stab
the spaagdemveadi ngeencbof ngdhacet é vidAnot her i mportant ste
waridn i solating and chamaactaerciompn @ sldheeddy Ibn waenl ¢ @mtsi | i ¢

vent sbelnizkcene, t,dlatedé Dbwondr di c hl o.r oTbheihsz Bleeed or mat i on of
Lewi s addmutcrtwistihn tchoe habmpgeaet absuclaedptinl ioec att ack obs:
CHCtand sCHs ol utatom®om t eBnp eadaadputrieng t hese new protocol
Lambert and Reed published it he1l®®MI8tshto uigsho I¢ahtea danustdhl oyrl i u n
the presence of no intermolecular st a-

bilization, fdo Islpo «
these theoriessshd

l'izcagtribution cc¢

sol woern t he c o.RRmtugrh

ten yeainsZDLﬁ)aZmbe,rt‘
reported the first
freelyl i um ieint iimir
nor intermol ecul dae -

Figure 2 Crystal structure of the first free silylium ion [Mes3Si]*.

t ectlBgc!| elveetrarting



Chapter oneGeneral Introduction on Silylium lons

mesi tylfausiilamiec ahoehdi hlgeercimas omstcabl i shen@oprsevent i
blient er acaatieomi ¢ oép wlheihe@nhy | . 4tr ofuiprsst |, such compr eh:
mul tidiseetionélemsdurlanmnecde i n t he aflaihlyudrrei doef atbhset rcalcatsiso
since notstevheengvitsheaci d[PBC]'y eagaeht &pprozemttehewhydr i
ever, by usingtaakWegyr ettegaminated fAallyls Iwervea ng a
abl &€ ithay hty h fMeisfevdaa substebwveabhgement induced by me
silyliusSi{icHsh ] BEFEGL).BN Thel ect raotpthdadk ¢cerr mahmdéay |l i ¢ car bor
whi ch plaskcees on a remot e tpdolse thiogh waftt éatr frigd gmmgirkddku p s ,

generan esnsaeabbedt@mitom atpi dhyl yet eaet byl stille ndee stiorgeed h
tri mesl yijdTuhner yst al str uculutrienpaotbevieyde t hatapers fercdad yof
trigonal pl ainmarwliidlyl t-luierkk @ oopref é emati on of the mesi
pi ¢edhhe space ar oucnedn gteheen tciantgi otnhiec ki neti c stabilizat:i
i nteractiondwhohsgailr.@chtRrsonoutrsd amldti ndje morc et raggtagach t he
di fference between a fr eepaavnidnga tshteabway ztead aimynhi fu
speci es, prappkbsedhialmars free siolmgfi tivesensli scovered
soon ,afttheer potenti alheard acémcsthiwielrieey ek pt ored by tu
activity o€nvbeceo eridiidarntiomm i oft r amol ecud apr dcoseldlse db a s e !
for sifmpdnmecndiyst aifl isd & tyillonudh aicd n s )b.ye xat def huhsetoien ge ctthreo n
densciotnyi ngt ie omasi ¢ counterpart, together with a fi
the silicon (or the mohewupassishbiafifoléedsiinngeoetradll

reactivity of t hesp( sceolmepcotuendd se xoeprepnleeds uar e present ed

OO ‘\Me
<N
v o7 YiBu
Fe s
. . \ //
MGQSI\H/SIMGZ % \y MGZSi““Ch\
Ar
2006 Mdller et al. 2011 Oestreich et al. 2020 Mdller et al. 2020 Landais et al.

Figure 3 Selected examples of intramolecularly stabilized silylium ions from Muller,”® Oestreich®’® and Landais.*%

Thesé¢érategies to tune thbhaveagtventypewfi mpuUybeumoi
this field bringing up new challfeoigegemamdatinh gr an d gt
silylium ibegfasllcowioms, a tghé ckyotvkre view ofiaracter.i

sible applications of these cationic species wild/l b
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1.2  Synthetic strategies towards  silylium ions

1.2.1 Silicon -hydride abstraction and substituents redistribution

The most commonly employed met Isod atte@des yhmettheersoilzyet isci |cyll
age of -aaydrbgeanbond by means of a Lewis acidic readg
ABar-€Coed-Bc hnern eaecdt (0BT ey roeama gemerfalyidyr,i de abstrac-
tiopacd itomkes advanitgehgepodfartilzemt i on of .&%len sfiddtcon hy
whil @ hebght er ¢tbegkehermnekectrioneglamosi t@gadgingi bbe

apohgdr oc alrypdornaagieonths r ect | y c onnceecntteedrest besitlercdescri bec
fsi l i con hpydempgbeadi ze the padtnalifl yheyndergoagteinv ea tcohmasr gaet t a
to sidsiFcdwsYc= 2.4 in Paulibs eTrhiced roormalti shaygescaép:
finds comnfhi tim&t homgh suscepatciibd sk iarhyaationvdruediey tLheevi sl eav -
agetbf s ,gpeomedr at Il pgi um i ons toget her wlihteh dtrhiev iancg dféosr cce
for this reaction resides obvioubsdyg )t ngps awee lalf oarse miem tti
increased stabilitgy aaoveuwikrdeyddsholignembaanleir f of mat i on of a
stroBBHebond pirmdiukeguFer 4) hi s reason, together with it
with different weakly coordi ngRRCi)g bagniffm@asmos hewi dgtyl
reported reagent for ¢theé st tiipmaaocit itoppesn svk dgmadi ons

chemosellctivity

T
R R’ 1
| LA* N . -HLA '?_@
20:Si Si---H---LA Si
R 7 \H /E y) ’/Rz
R® R3R? R®
Figure 4 Mechanism involved in the hydride abstraction reaction using a Lewis acid.
As mentioned in thegmeatveDtuschlsaelcltemame ithmeperforming t
lies in the intrinsic instability[Ped tae wWekliras ot e

main gaoedgwi s acBd)p, (toget her with aromatic solvents
dinating mmowinded solid protocols for obtaining silyl
strateensai ning the most widely usedl aper esytuhimtegrbyt hbs e
appl yhhg ptrotsotceorli cal |l yyahnhedet g g e soopfeanncedttitpi e# igo/i ng

unnoticed during the first attempts ofe hiedssi Hep, abstr a
by perfor mieryg rtelae tCmom n sarb sh adtaef récel eespotsiecc ct i vity toward
ious combinatiesubsbitdtétieskehyl yum i dm gmd tsicludmas we
phenomenon was observed with bl lpyp bha@isylo wainrgged eand s m,
vant correlation between[ B6s e unhHdE])amd otnh ee nupil fofyeerde n(t
outcome of BIAder padeiydit.o tune thihdi frfeedriesnttr irbeustii due sofn
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allow an alternative reaction path to synthesize a
avoiding the design for brilliant but dehmhmagdieg5}pol
Mes
MeS 213 eq [PhaCI'IB(CoFs)al | 1 ELS
. > 2/3 +Sj + 1/3 Et3SiH
MeS//SI\H CeHx. .t ‘S{ ’
Et 6re: - Mes Mes
- 2/3 PhsCH
[B(CsFs5)al

Figure 5 Example of a substituent redistribution reaction. The steric cover provided by the two mesityl groups is not
enough to prevent a scrambling of the substituents during the reaction. The result is the formation of a tris aryl silylium ion

and the respective tris alkyl silane.

1.2.2 Silicon -carbon and Silicon -silicon cleavage

With fewer applications than the previous approach
the synthesis of the first stable silylium ion and
a si-tacban bond oafeve wayalt obeobt ai nAlctahd e@ath ar snpgi c
an ovesesr|l leflf i ci enctyhec ohmpdarrieddle taobstraction reacti on,
becomes wealemalblud ky substituents would prevedt the ¢
jacentsilbicemmeelrn thi st hree gmaorsdt f @amedasbttckaesleifalsl vyl Il eav
approache )sufprream é¢w Fi@r twhi ¢h atckke od t he reagent i nd:i
neous cl eavage ofcarhbeo nm(ebnoogtuer es i6l)i c on

Mes
MeS\ _/: [Et3Si]+[HCB11Me5Br6]' |
Mes—/Si - +Si
-Et3Si(CH,CHCH 3
Mes 3Si(CH; 2) Mes Mes
t
Mes, _/'—\
Mes—Si—} SiEts
/
Mes
Figure 6 Mechanism for the allyl leaving approach.
Thisd r a,t eglyt hough solving brilliantliynw tthewdafngr evineret ic

cat ifoorbe syntshégilsmanf nloywnsbecause oferndgteh hofghtelme boinld
carbon compari sltoynwdntogesn |bemds. Ilgernftsctandharakern ome & «
argenerreelgluyy red to break such bonds reducingsboth ct
di fferent functional groups. | netr damleret syhear 4 ,i gthlhe om
possible appilscappomacliorBy htaming t he kproowno ddee-gr ad
silylationo which of t-ewnbsttakteust el pscielny@myu pdn @ doynkse c o n
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si | awmeerseeact ed affording the*acnhda eShiecH @ thiez astdolro it hpdh aR &I H

firstAftieme everiynvatavécmpas si cal hydrideo thenesfasr faile
el ectrophilicdernyroff attddkd etsxmbtbti@hectron donor substitu
al kyglrioawps), tthree datussehcoamsdary andi pahmar wi phemylstrong

sour ceblslH(i CHBIsBeg)i nducing the priroptambdbtoinormnaf tthlee conseq!
cleavage oL atr he nBiMoimacdoner , t hi s welraes salsfo rpeaogveendt & o i
the release of di hndtegqenobhedmnzde h@hesy! ((Finguwas pr e
7)Al t hough showing once again how this approach could
ragne of appliclhdaisermc®vies eyet Stoni |l ar conditions have be
silylium ions stahtsngmefhothotbgyl ahewever, presented

tisoonf the wyoméahleairdon agtiideal)aimgr eat t herodwmetitdmsi $nt

wr i totnelny, a few examples can®be found in the I|iteratur
H
Cl -
Bu 1 eq [H(CeHI'X A Bu  1eq[H(CeHeI'x  BU
/Si\ + H ’Si\
H | H CSDG! r.t ﬁB\B /’SI\ C6D6= r.t HtBI Ph
Bu “H, " Bu -CoHe u
® =BH
X = [HCB44H5Br,
[ 11HsBrg] ® - BB/

Figure 7 Dihydrogen release vs. protodesilylation using a strong acid with a weakly coordinating anion.

1.2.3 Other methods

As seen so far, silylium ions can blewsyptllesistedsv usi |
gener al aeacsvoondh meeveaonit@dgubhbrioawvghlsti gati on exceeds
scopesoflisbBiembagi cothikesehet erol ytic-hal e,@gea geolxiyfcosni | i cor
ge,n bonsdusr eéilsy one of the most | beeamdtcikng sihrec anettthiosd ¢
choice in the synt3aedlisdiotfanad bgtyveébibowohemi stry of car
and silipcoyebbhase maghiemdi ngevénalf atacttdres iinrcalewmdierdg

strengtihntoer a dtei ®lni caaart webaese f unicnt icoonnapla rgirsoounp swi t h i ts

congearedthhei gher af fi nfiarymed 4dihley Iniewhyi on tdowamwedds t he | |
this approach iNoniettsh éahpepel & cdaitfifoenrsent halvesdeass esf- reage
ti gaptreodvi di ng i nt:ertehset iinnga grietdbHI8dsa r pH§O Lewi §. aci ds (
silyli%Wand oqisl)ver salts of we.akd YAl @D (dFingautAien g8 )ani ons
expected, thef lwscedadfeaBRNnaoaggd aci ds on al koxysilanes |

tive f Il uwirca ialvamges ofoxtylye ns ibloindomnd subsequlehnet fl uor i
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achievement of a complete halide abstr atcrtii otne di sd milgy
to highly intramolecukbaghy syabhéesizsedobfubbsl abmedato

Me, HSO4F+SbFs Me,
a) Me—Si—OMe > Me—Si—F
Me S0, -70°C ve
,tBu ,Bu
N, Cl [Et3Si(CeHe)I" [B(C6F5)al - N, + SiMes
o) | Si_siMe, - || si—=C
N A C;Dg, -60°C N SiMes
tBu SiMes tBu
Me, 0.5 eq Ag*[AI(OC(CF3)s)al
c) Me—Si—Cl » SiMe;—F—AI(OC(CF3)3)3
Me CH,Cl, -50°C to rt
_AgX -Me;SiX
- /O\
FQC_C(CF3)2

Figure 8 Selected attempts for the synthesis of silylium ions using magic acid (a)*¥, highly stabilized substrates (b)™*”
and using silver salts (c)*® respectively.

The most interesting result, howevecl asomitiat hesimst h

reacesiomg si.Whielkalsaadsttsr acti on was achieved starting

(cl, Br, ')y, the al umi num-ibnansoecde ncto ubnyt ecro oarndiionna tpirnogv ei
newly formed silyl-daenptiorn conmpl eax .doFnuorrt her studi es
demomated how t he rwidaotriman shoips smidley@ldat edflh &Irompiremi ipo

—
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Figure 9 Examples of 2°Si NMR chemical shifts for silylium ions as summarized by Oestreich et al.*!
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Figure 10 Coordination of FBN to a Lewis Acid (BCF) and related chemi- . .
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Figure 11 Different Lewis acidity scales for silylium ions reported by Miiller et al. by considering the G(*°F) and the

1J(CF) of these ions after coordination with FBN (a and b respectively) or via in silico estimation (c).

1.4  Synthetic and catalytic applications of silylium ions

When it comes to applications, under st andeisnsge nt-he ex
ti.PAAs alreadyviddec)supbd €I eecntcaypbheded ¢ wim@ke € mt h

suitabl e dwirahrneascty i mmcl eAbthhbegh in the beginning s
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stabilizitrhesgf osiiplnysh s usni li wl ati on r e aygsetnst sh aavse weelcle iav
great i®hitrertetseg f ol |l owing paragraphs a few examples
hough a thorough overview of the | atesKI| aMglalneres i n

Oestreetiahndxcebydgsfar the purpose of this contributi

1.4.1 Activation of carbon -fluorine bonds
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ofilsylium ions is-Fthendsit i Weachhiibeavreo fhoy@G r odeif mplbei nat
fluoride abstraction foll blwerdeedyt ifawumrg hperoviude tad o nall
activate fairly 1inerthdée¢ udeaddfpoaisodriloagwrhcawcmhs .h alwe dfesoautn,d
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Figure 13 Mechanism for the silylium catalysed Friedel-Craft

I eneu Ciinndg an electro cyclization discovered by Siegel et al.
theghbbdbring naphthyl g cup + Ccour vy oo
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3 Easy Access to Enantiomerically Pure Heterocyclic Silicon -
Chiral Phosphonium Cations and the Matched/Mismatched
Case of Dihydrogen Release

Abstract: Phosphonium ions are widely used in preparative organic synthesis and catalysis. The provision of
new types of cations that contain both functional and chiral information is a major synthetic challenge and can
open up new horizons in asymmetric cation-directed and Lewis acid catalysis. We discovered an efficient
methodology towards new Si-chiral four-membered CPSSi* heterocyclic cations. Three synthetic approaches
are presented. The stereochemical sequence of anchimerically assisted cation formation with B(CsFs)3 and
subsequent hydride addition was fully elucidated and proceeds with excellent preservation of the chiral infor-
mation at the stereogenic silicon atom. Also the mechanism of dihydrogen release from a protonated hy-
drosilane was studied in detail by the help of Si-centerd chirality as stereochemical probe. Chemoselectivity
switch (dihydrogen release vs. protodesilylation) can easily be achieved through slight modifications of the
solvent. A matched/mismatched case was identified and the intermolecularity of this reaction supported by
spectroscopic, kinetic, deuterium labelling experiments, and quantum chemical calculations.
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Si-chiral

phosphonium ion

This work

Figure 18 a) Zwitterionic heterocycle with a pentacoordinate highly Lewis acidic silicon center. b) Chiral memory studies

in silyl pyridinium and quinolinium cations. c) Silyl-substituted metal carbenoids. d) Si-chiral heterocyclic silyl phospho-

nium sulfide reported herein.
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3.2 Results and discussion

3.2.1 Synthesis of silyl phosphine sulfides and their cations

Sul-suabilized silyl cations have already proven to
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Figure 19 Molecular structures of (rac)-2a (left) and (rac)-3 (right) in the crystal (displacement ellipsoids set at the 50 %

probability level, counteranions and hydrogen atoms, except for the CH, and SH groups are omitted for clarity).
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better:
tBu\P/_l;Bu tBu\P/tBu a) tBu\P/+tBu
( Ng- ( \\S 1.0 eq. B(CgFs)s_ < AN
> S _
g S toluene 7 X
By | ~H By | ~H RT, 2h * Si
Ph Ph 85% 87 “Ph
(rac)-1 (rac)_1 (rac)-2a: X = [HB(CGF5)3]7
(rac)-2b: X~ = [B(CgF5)4]”
b) 1.0 eq. tBu\P/iBu
[H(OET2)2]+[B(CsF5)4]7‘ \S/H 150 °C
CH,Cl, Tk Si vacuum
RT, 1h 7 H 1h, 99%
99% tBu | —H,
Ph [B(C¢Fs)sl
(rac)-3

Scheme 1 Synthesis of racemic heterocyclic S-silyl phosphonium sulfides [(rac)-2] starting from hydrosilane (rac)-1
either via hydride abstraction using B(CsFs)s (route a) or via protonation followed by liberation of dihydrogen from inter-
mediate (rac)-3 (route b).

The relative unafRig8cbeddnwhane ctohfmpedeh ecnogmpaolulnds i s al s
flected by thePalMRoshemdemat 8- Hi(FR)s =008 YPp il 3@&nd
[GEP) =68 pm], whichdawas fsohail fgt esd iwgihft)-&fug3Pp e c=t 87t60
ppmln general, the spectroscopic data are quite the

rad@#&®, thus indicateFsilgc dthmatte rriBe@na[sHBNE@X Nng cowridi nat ed
aSi LLLHLLLB intdfAMrctiimtneri anctsiodutvldémhnt hesovsobeestf €Dy
cCl ude83d8iINMR spectroscopyr & andmmpo€iitdlsovws a 8sFgnal at
13.ahd 13.m6eppaeancWe vebye siurdpereidsedraebant vébwea simal d
shift with artdis(3Seic)i2 =t0o p(pm] . 2%ii nEMdR t hlere mi caluts hiof t tur
be a powerful diagnostic tool for ed$t'FlmwevidcFg, t he Lew
and€ENMR spectroscopy of the adbhRRuaitt obEBNnedi by trlRacpi
devel opig d leley (aslseect i oAb n8)trhmed ow Lewis acidity of t|
(see the&€oBls) der i ngwet hceasnee rteos uthhtas had n d lhiesiP=S moi ety et
significant electronic stabilization ©03i tihret eraadtoindrc
and a high |l.g&¢hebk aeafjreegidetly with a strong electroval
rddand $kdowherefore be better fiSSbmobdawedhabyperwbhi a
tive multiple bondl2dtarsadtseri n( Sdmemevilt)h. t he natur al
ysi gsomgoulradnd t he cation2am8 @oemgdgoumes oBl+BedM062 X/ 6
| evel offf oorhedoertyai | s on the NBO calculations, see the
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3.2.2 Synthesis of silyl phosph ine selenides and their cations

Tobetter understand t he stearb,imodadz if n ¢ @dafidideecato a fi ntgh ea nc
NMR active el emen((r antaSsd.Isny notrhdeesri zteod obtanarfehesi agmpo
the posoi Rixlt soydtdydnti s t he | i ghlthad coomgde nh d@wriOvraP+Te)s,
adi fferent synthetic approach was wused preparing t|
subsequently dxiedspiengi vie. gedmeep)lEfiicmerdy adbnd ity
of this wepfeuotalcdrr conf i r meao bbtya idab\el ogx o dxitthhodni pdyfo & -
phoraenwért h . Sulmidmarly to the respttDdBenwafth@rRf(iCde

af forded tshpecaatRiaBenihci ch coul d be fully chatratcd eri z
andsobohutFiogurSi n2g0l)e araggypf AtaXaliyomi s descri @8 compou
Seas an al most planar r honmB&iPd aln gfl ceu r9 Sme1ed ebrdegdh er i n g
7418(190n AWvhiscuhb stthiet uent s at both phosphorusriangd sil i
pl ane. As expected, t hilSebamd ediastt amme i fsor nt ieheSir an
2.341¢g(6&hijicet benaBongated i no ctohnep anreiustor@.ltl(268) ecur sor
vs 2423%DPl €DCH, as repoaeedafodhe( NMR sensititvhee nucl e
stabilitzlagiiloincoo@SdaEmaee downf i.elldn sthhiifst ecdas e, howev
shiftdewereéetehde fpophrosphorus ané#éd séel enobomnmdeddempmariiveon
tohe ornérul hur cEWESINE 8 veSqmupydm ) = 15. 7Sgu(p) =and
3.6 ppquuEP)= 11..9 ppm)

Figure 20 Molecular structures of (rac)-1-Se (left) and (rac)-2a-Se (right) in the crystal (displacement ellipsoids set at
the 50 % probability level, counteranions and hydrogen atoms, except for the CH, and SiH groups are omitted for
clarity).

Furthewoftphfeorenhanc eodt hset riemtgearhact i oandelt aaeieoamswas coh
tai ned tbhhehtrotik al tshtkebtipl and cohBd amnitWimdhr .@ hesr kabl e
shift towards | owerc ofnmipealrde d( alomashtd mzps Gdeglgrme atrshee i n
Usee (approx.cd@MParHzd t o )i,t st hpirse dwEaawtribiem compoand
di al kyl ($%dpeoritcthean as har pshesisepni d eo rPiBe®)SMor eover , t he
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smal | shifts for the signals (& &dodh3sppmpoespedt phel
in the di mercledcal iozfeda charge on hestemmao@bogermratt om af
the sildismoi bad itSeSe ashregdlreond 0C. 15( 9) A)

3.2.3 Synthesis of enantiomerically enriched silanes

The next step was t oiSeXitd mitrea atchihse ntsywaea hanfe dt RCPSSi * he
cyclic cation more closely withFaoregtahhids tpurigos estwea efoic
t@rovide highly enantiomericall yaddwniscltodvieydrdsiloam:
aster edderys Lewicsatlayczaeld dehy diQOo gceonuaptliivnemeSwt h &l ,( +f) ol -

|l owed by fractional <crystallization of the two diaste
omerigwadé yf or m.

tBu\ /tBu tBu\ /tBu
P 1) 5.0 eq. DIBAL-H Pso
N . N
1)1.0 eq. (+)-menthol 5. ( S toluene, 100°C, 15h ( S
tBu\ /tBu B(CgF5)3 (10 mol%) \\“S'\OMent 2) H,0, HCI (37 wt.%) \\“S'\H
P toluene, reflux, 15 h tBu™ | tBu |
s 82w - Ph Ph
o (overall yield) si i ks
%S 4a: ('S), d.r. > 99:1 Retention at Si (*'R)-1, e.r. =98:2
5" H 2) separation by
tBu I|3h fract. crystallization tBU\ /tBU 1)5.0 eq. DIBAL-H tBu\ /tBu
(rac)-1 (P\\S toluene, 100 °C, 15 h (P\\S
Si 2) H,0, HCI (37 wt.%) Si
w1 T"OMent WwI~H
_ PR Ph"
(+)-menthol: HO Bu iBu
PN 4b: (SR), d.r. > 99:1 (518)-1, e.r. = 98:2

Scheme 2 Synthesis of highly enantiomerically enriched hydrosilanes (°R)-1 and (5'S)-1 via catalytic dehydrogenative
Sii O coupling of (rac)-1 and (+)-menthol, separation of diastereomers 4a,b by fractional crystallization, followed by

stereospecific Si-O cleavage using DIBAL-H.

The absolute confi gur a4 as8)n sadmfR) memetrheo xdyestielramiensed by s
crystraly Xiffraction dbawiytsh stHl BRRelasut t ed bDhHh 1®©t ereospec
cleavage with retent%lbynd raots i tRakmessPF3){l,c orne sapteocnt.i vel vy, we
obtained in excellent enantiomeric ratios of e. r. =
Recrystal PR-2@¢ion »f98:2) gavergptiatal (g.puare 99ndl e
Xray diffraction analysis and determinat eo@mtodr t he ab
(for detail s agorcaegrsriadnd o) Bmphour asgeeed rtéhgeu tSHes ewe have
decided to expand ad uefrfeinmrveedstrivogrmigie @ @nu@wy nt heti ¢ way

withoppeoivteagsalelr eochemi ¢ alwho lathcoamieent i echeadavage using

DI BAIL af fordedetxlted upwi cadlegtei on of confi gureeawmbar at t he
int r odatcwisntge p s yfnetahtetissiisn gpposi t e stereoseigervecedi yieomechar

retemtviiccre )wenus a significantly i nwhrodas ep Mtokceetsmsens at i | i
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ocompodam th two equidADEdtenkt swof eafffearadeud eaebehset i ve
of the chiral auxi |l ifalruo rtopSRy6)dented e ¥ t & | IrBearste alyc itoénlv @i sh e
high stereoselectiviftgr madtsieo rv e(dehfao.rp ritanydass éxdisanmn s

cl wddaecti vati on of the silyl et her asybtsheegquleenwi sn uacdie

ophilic attacack nddtgr tah ef | suiolirin cdn & as®myxnt als o6 compou
sui tfabdrey analysis were obtained but, even after se
merically pure crystall i ne snodtuerei aclo nefli ugdset da bui so.s hHeodwel

indirectly by comparison with tSRdaHESE)Q.|datea ersetliantgel dy
by furtherfRHwathisbg Alldew t eRdwasureobnaigmed enantic
meric ratio and without céhmenlto sfg oaf teérrea rmptrieormeoruisc sd |
Al t howmg hproi mary goal for thireaseskhetdheét heagpaditmh ambs mnb
overaltlewmtfi confi gustaeg @mwd enty etkbebl e i nversion), we we
in discoveri ngegteens edfefcitdivental dmed nat PR)-&u $ ioanaggninhoen sy nt h
reagentsfemdi ng theghr ¢g8ebtdsmei B)

tBu tBu tBu  tBu Bu tBu
\ / \_/ \ /
Px 2.0 equiv. BF3*OEt, P 1.1 equiv. LiAIH, Px
S 2 s _ s
*Si Et,0, -30°C, 4h rSip Et,0, Sy
By} OMent Ph™ | -80°C to r.t., 12h tBu™ |
Ph tBu Ph
4a: (5S), d.r. >95:5 Inversion at Si (*'R)-6, 98% Inversion at Si (5'R)-1, 86%
e.r. >90:10 e.r. >90:10

Scheme 3 Alternative synthesis of (°R)-1 via fluorosilane (SR)-4a and subsequent reduction using LiAIH,.

3.2.4  Configurational stability and chiral memory

I n order to further investigate tpotampliiadalkihliirtay a
information on the configurational st abSR)-i(tey. rof t he
= 98:2) was used to elucidate the stereochemical CccC

of cation for matinen hydi sebaedi ti onSR(-1Swi hiehnfe®(3C) . Rec
in toliBeOneACati mmedi ately led to phase Sepaiyat iphimsin
phonium hy2laobbrasei mportant to note that tdkhg iadn p
room temperature Ppawiacr ttheni cohattirared badlkwiihto th
NaBHEt foramhémant i omer i9¢/ :r3atwiacc adfete.rrmi n=ed by chiral
retention of configuratiron waat sdielpiscoimas identi foibe
abstraction takes place WP®Ph the BaSBhmméeertyg, asvegi ta
certainty assume a stereochemis¢&Rt°Ichier sé | wictolm dc¢euwhle
throaghilyl phosphé@Rcamficaui ani ovmt hTRBR)-1b(®)yr2aal | pr oc

MER)1] thus proceeds with excellent preservaStion of
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silyl phosphoniSR+ aeshtyadws beoxaeg et i(onal configurational s
parison to the silyl pyrilditkeimamoamd f @ edtre ad rieav iednaryf sayts t e
room t emplehriast Urue.t her sufpovifritsermastiromg WHi ch prevents

and racemi zisi ene occleenttieer very efficiently.

B tBu

u
\./
tBu\ /tBu P\+ tBu\ /tBu
PR < s P
( S 1.0equiv. B(CeFs)s S'/ 1.2 equiv. NaBHEt, ( S
"Sli\H toluene g 3 I\ tol g B “S‘i\H
Bu" N oluene Bu"
Bu Ph -80°C - RT PR "Bu g5, RT Ph
1d,58%  [HB(CqFs)al” 1d
SR)-1 Inversion at Si * (SiR)-2a Inversion at Si * (SiR)-1
e.r. =98:2 98:2>e.r. 297:3 er.=97:3

Scheme 4. Elucidation of chiral memory in the stereochemical process of anchimerically assisted cation formation [(R)-
1Y SR)-2a] and subsequent hydride addition [(SR)-2a Y S{R)-1].

3.2.5 The matched/mismatched case of d ihydrogen r elease

These results prompted usbdfo $akema T lforsem d om&kchdnir o

view by wusing the chiral information on silicon as s
dehydrogenatatoni@&QsacatritoomyR)-3(eom. nea®8( 2) , a compl et e
figurational identity at the stereogenicasg@hlhifrcon cent

particular inter edsite tehaysleatnt @i ma oty tshhdtuta on of the r ac:¢
bor atade8i (@DCtwas sl owly ¢ a@Wbeirtthed ithoer(ati on of di hydroge
temperature, which was unambigulddNBMRyspgonaks of the ot
ocyclic cafiedn®ipm) . HIinterestingleynanwhemeusicrad | lyi gmiry

CR)-3(e.r. = 98:2), no reaction [WHBMRomseervedi egeaf af her
tion progress ofr pgBawd ohiisdlyl y seon an teiddRipe(rei.cra.l I=y 9e8n: r2i)c, h
foll owed bynatikormroadlyskis, showetidom rdatce eafsedioliy drheg

|l ease by 65%SRyBiemstusnad@of(Based on these results, we p

mol ecul ar mechani sm i 3muwhti cthe tiwov aclatd d nfsorgétnhe r el ea

which in the case of <chiral mol ecul es would inevitab
state combinations (Scheme 4, top). The intermolecul a
of the reaatditgma@ wam (| owedbsyg 80% when the initial c
(r 9a8was decfeamef. 2MM AodOutlterium | abeling experi ment

port oér mhleecunltaritysefe the Séaction
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Transition state model Transition state model
for the matched case for the mismatched case
tBu Ph_|¢ 2+ tBu Ph_|¢ 2+

A A
Buup_g.--H H\‘Si," tBun_g---H H\‘S!‘

i 1 i
©is) ( ) e ER) ( ) e

Ph2 'y S TRBU Ph=" ST RrBu
H---H < TH-H
My Ve
tBu_ tBu a) Bu  Bu
P/i- H CH,Cly/ \P{r
S 2 eq. Et,0 \S
*Si— _H < /
tsu” | H 2 *S(
[B(clzth o 84 Ph
6' 5/4 _
(rac) -3 [B(C6F5)4]
tBu N /tB (rac)-2b
P+
CH,Cl, < N
— CgHe *S|/
/ N\
tBu  H [B(CeFs)4]
(rac)-5

Scheme 5. Transition state models for the matched/mismatched case of intermolecular dehydrogenation (top).
Chemoselectivity switch (dihydrogen release, path a); protodesilylation, path b) by changing the solvent (bottom).

DFT cal cul at i3dntsG([dNId6 22X/ 8 nt er mol emembarley s$nhalki meze ¢

after hydrogen el mmibiuti @d m ugd WiH=ea28smallnabé ¢ he

di fference between( mataoceretdr) o saynmimeatinci afsmginse mat c hed)

should also be reflected in the energy of the

mechanistic studjea oeacecomproeadti on pat hway was

for alternatpgrveaclhyens hted igcemer ate functionalized

the absdnetwhwmbfer a switch from dihydrogen release

l eading chemoselectively to thhewhiydhobstilmyp PhoéspadsTr

for future reactivity studies. I n a similar ki

proven for the protodesilylation (|l owR{3ingteftdt oé

ra68 (for details, see the SIl).
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3.3 Concl usions

I n conclusion, our findings shed | ight on fundament al
bility of chiral, Lewimphasphdmri uvmmlidd wsleftiadhee Rieelsy s i n sil
drogenative cation formatiba fvahemaahpewéednahddahnnt at
mechani sm with two molecules involved was exn-ambi guou
peri mental, stereochemical, and quantum chemical met h
hydrogen rel ease oandvapr cthasdeatsii rlBleatét er ocycl ic silyl

sulphides améssel bpiddéderein represent a new class of
that might enable future use in asymmetric synthesis

t h®ist er eocgeennbigcr varying theiSS$ir eingtt dar aodt itdire &nd i ncrea

gree of functionality by changing the substituents ar
addressed in our ongoing suruddaeatsi.onA tnyag eo ri sa dtvhaen taabgiel io
tionalize the phosphoryl group over a wiart araendge anc

chirlaflln ttyhe mol ecul ar design.
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3.5 Synthesis and Characterizations

3.5.1 General Remarks
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3.5.2 Synthesis of (rac)-(tBu).P(S)CH.Si(H)PhtBu ((rac)-1)
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Figure S22. 3C{*H} NMR spectrum (CsDs, 298 K) of compound (rac)-1.
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Figure S23. ?°Si{*H} NMR spectrum (C¢Ds, 298 K) of compound (rac)-1.
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Figure S24.3'P{*H} NMR spectrum (C¢Ds, 298 K) of compound (rac)-1.
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3.5.3 Synthesis of (rac)-[(tBu)2P(S)CH2Si(H)PhtBu][HB(C ¢Fs)s] ((rac)-2a)
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Figure S25.'H NMR (CD,Cl,, 298 K) of compound (rac)-2a.
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Figure S26. 'B{*H} NMR (CD.Cl,, 298 K) of compound (rac)-2a.
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Figure S28. F{*H} NMR (CD,Cl,, 298 K) of compound (rac)-2a.
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Figure S29. ?Si{*H} NMR (CD,Cl,, 298 K) of compound (rac)-2a.
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Figure S30. *'P{*H} NMR (CD.Cl,, 298 K) of compound (rac)-2a.
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3.5.4 Synthesis of (rac)-[(tBu)2P(SH)CH.Si(H)PhtBu][B(C ¢Fs)4] ((rac)-3)
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sol vent .

IHNMR( 4 B@MHzGCDRC4 298 tG=1. Q59 HSC (M) 1. JH53Ipw=18 HZ9H,
PC(KB)3] 1. §F1Ppv=179HZ9HPC(He)s] 1. A7 §n2 2 HSiHGP ]4,5 1m, 1 HSH] ,
7. 4B. 30H He] 754756 mlH Hel, 7. 7 ¢ T2 HHp]. ! B{!HINMR( 1 2 SMHZ,
CDC}29RB) 6=10.'CAHINMR( 1 0OMKBzCDCH298) ti=1. @d Ncrp=2 8 .Hg ,
SCH2P 118 .[203)cp=5. Bz SC(CH)3] 26 .[6 SC(CHs)s], 2 68.[s, PC(CH3)3], 2 72.[s,
PC(CHz)3], 39 [ @Mcr=1 A HZRPC( CHt] 39 [ IIcr=11 HEZRPC( CHt] 1 2 9[s,Hr],
130[s,6lpq,1 32[s,HprH,1 3B[s,Hpq],1 3 6[s,B pELOHborhile3 6] BHgr=24MAzmet a
Camorhtle38[ Bdlcr=245HBp arCamorhtled B[ bdlcr=239HB0Tr t-Cn@orhte
TFHINMR 37 6MHA; DC29KR) &i=-167[b BJIr=18 .81Fme tFamworhtk 6 3[ 15,
3Jer=2 0 HZ4 Fp a FFAmwor btk 3 2[ B8 FQr t-M@or hES{"HINMR 7 9 MH QG DCH,
298 li=-2.[6,20si,=9. HzPP{HINMR(1 62 .MHzGCDRC4} 29 &) 11 =886.CHN
Anal yGHsBEPSScdal culCdPe®R3. %1S3. 19%9f oud 00 H3 . %2
S2. HMHRMS( ESd 3| mdizoCa Hs® S S[i Cat*iCoBho[ Ani 36r6 24046 7 87.794
fouBAI®205@7.8848
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Figure S31.'H NMR (CD,Cl,, 298 K) of compound (rac)-3. Signals of diethyl ether are due to its use as solvent.
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Figure S32. 'B{*H} NMR (CD.Cl,, 298 K) of compound (rac)-3.
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Figure S33. *C{*H} NMR (CD.Cl,, 298 K) of compound (rac)-3. Signals of diethyl ether are due to its use as solvent.
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Figure S34. F{*H} NMR (CDCl,, 298 K) of compound (rac)-3.
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Figure S35. ?Si{*H} NMR (CD.Cl,, 298 K) of compound (rac)-3.
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Figure S36. *P{*H} NMR (CDCl,, 298 K) of compound (rac)-3.
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3.5.5 Synthesis of (rac)-[(tBu)2P(S)CH:SiPhtBu][B(C sFs)4] ((rac)-2b)

tBu tBu
tBU\ /tBU 150 oC \ /
P\@ _H vacuum P\@)
S - < S
. /
* S 1h,-H, . ~
By | H 99% * 31 [B(CeFs)d]
Ph [B(CeFs)al” Bu - Ph
(rac)-3 (rac)-2b

|l mmovedr iScdh | elh&sdcmpo(meB( 499 0. 4m8no, | 1 .ul)weagh e a tuepd
td50AN@idepl yiacg Dmr itrhg B nieh®o Inied taendd en st v rbtuebdo | i ng.
Af toenth o urhleru b b lcie mgreedn d earyienlg ocowil b lt ® s i wlauseh evia s hwidt h
pent @&é&mlandr iacefdf ompdiregd@ b( 49 0. M8nob 99 %)sacol our | ess

sol i d.

IHNMR( 4 BOMHzCDC} 298 ti=1. Is19 HSC(K)s] 1. JR3Ipnv=18 HEZ I H,
PC(Hz)] 1. 56Ipv=18BHz9HRPC((He)s] 2. 4@1dd( ABXY.8HzJ=16L.(HzJs=
110 HZ3 HSiHP]7,51754 m2H He] 75776 1 nmBH Hed LB {HINMR 1 2 SMHZ,
CDRCHH29B)t=16 . "CLHINMR( 1 00MHBACDRCE29KB) G=71[d Ucp=213Hz,
SCHP122.28B8.[ sSi CHs)s, 266 [ d?Jcp =2 . Bz PCCHs)s] 2 88.[ d?Jcp =21 Hz
PCQHa)3],2 7 .2377[ PJcp=1 WHzSC( Cht] 4 @[ dlcr=2 24,PC( CHt] 4 1 [ 4tJcr
=19 .PC( CH],128[ Cpl, 1 29[ Lp, 132 &£p,133[ si,pLoOborhle3 B[ s,
Cr],138[ dtigr=246HDme tGaworhtde3 B[ dlgr=243H5p arCamorhtle4d 8. 6
[ dWgr=242Hzor t-CreorheFIHINMR 37 6MHZA DCH 2 9R)U=-1 6 7[b BJI-
F=18 HZ8 Fme tRamworhs: 8 . [48Jrr=19 HZ 4 Fp afFaworhs: 32 B8 For t-ho
FaworheSP™HINMR( 79 MHZCDC} 29K) ti=13 .[d2sie=14 .HZ FP{!H}NMR
(126, MHzCDC29K) ti=889.CHMnal yGaHssBRPSSécéal culCdDe @ H%,
3.329%;. 72%u@49.%F3. 74598, BIHRMS( ES¢t Al mdzouHzOP S Si

[ CattjCoB o[ An1®38N1996787.794 ouBdl1. 1®P&H.,9801.
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Figure S37.'H NMR (CD,Cl,, 298 K) of compound (rac)-2b.

16,88

tBu tBu
P/®
\S
* S'/
PN\ [B(CeFs)al”
tBu Ph

90 80 70 60 50 40 30 20 10 0 -0 20 -30 40 50 -0 -70 -80 -90

Figure S38. 'B{*H} NMR (CDCl,, 298 K) of compound (rac)-2b.
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Figure S39. *C{*H} NMR (CD,Cl,, 298 K) of compound (rac)-2b.
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Figure S40. *F{*H} NMR (CDCl,, 298 K) of compound (rac)-2b.
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Figure S41. °Si{*H} NMR (CD.Cl,, 298 K) of compound (rac)-2b.
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Figure S42. 3P{*H} NMR (CDCl,, 298 K) of compound (rac)-2b.
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3.5.6 Synthesis of tBu;PCH-Li

Me 1.1 equiv. tBulLi Li
| . (
/P\ neat conditions P
tBu tBu B5°C Bu B
68%

tBUPCE. i was synthesi zédgatt gorrdoicoegdfuiresdeltt ¥ FHlne ran g ov e -
box, a Schlenk fl ask -tweststtlyd ance hywphbsphbreed(2.0 g,
equiv.). After connectingegbtuhg! fiabkumo(@. Scml enk hi a

pentane, 13.8 mmol , 1.1 equiv.) was addedf olabr ef ul | y.
min at room temperature. Afterwards, a distillation |
nected @ahll ¢mk containing the mixture was gradually h
The system was allowed to react wunder these conditio
slowly distilled off and -yékel owhgoldiegitdlT ¢ at urome dri nige
receiving Schlenk flask was removed while flowing ni
flames. The solid was washed with dry pentane (3 x 5
tBuP ChEL i as a whilt gg,s &8l.i5d m(nlo.l , 6 8 %) . Spectroscopic dat
those reported3in the |iterature.
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I n

3.5.7 Synthesis of ( rac)-(tBu).PCH,Si(H)PhtBu

Bu (Bu
Cl Bu—P_Li \P/
| tBu
Ph THF /Si\H
tBu -80°C to RT, 12h tBu
48% Ph

an oven dried Schlenk -80A6X%,-bé&hoit@dhioslpthaseaygbp me:

thyl)lithium (1. @ilVyg,i n6 . THtFemdwtOy ImMihDoeq(phenyl) sila
mmol , Wdi.W) waqsvVvasdydreidnge. The mi xture was stirred ove

Th
t h

peraturiembatdl@ffording abeatlessrt edspooduc¢D. 935 g, 2

e solvent was replaced wit hyvpsancttaincen fTihlet rsaatlitosn wee
ree times with pentane. vikkegelrudkr mdk swuedmtva 5 0o p u(

-

IHNMR( 400. 30 4GHz ,29D=R) 87 [OH,Hs)Fi, C(1C%0p2= [WQ. 7 Hz, O9H,
PC(H®3 , 1.33dA= [1d0,. 7 Hz He)PpH, s MER G, Fi. 3D [k} ,6 34, 55

7.

57 [Wa} ‘THINMR 100. 66 MKz ,29@>-K) 8 2Jgr= 42. 9CHIZ],, Si

18. 13Jch=d ,6 It CHBi 27. L£HYsks, BRIEFE [1d,. 1 CHzy , PCRIc8 [ d,
P=13. 9 H@Ha): PCE 2lck [2¢6,. C(KEH] , P3 Bled= [2d,. 5C(KE#H] , P127. 93
135. 2meflss, 1Q9 o831 [1s3,Fck2 2d7 Mz, 18 6or DXYGHINMR 79. 49
MHz, 03D 29 &=K}d Rsikf 22. SP{HZYMR( 162. 04 DBHz ,29 &=K) :
21.CHN AnalGéldfsSi: calculated: C 69.09, H 10.55;
[ CHs® Si CHd. 1:HRMS ( ESEtRI cd.iHa® &i[ Me*H] 823 . 23; found: 32
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Figure S 44. 3C{*H} NMR spectrum (CD.Cl,, 298 K) of (rac)-(tBu),PCH,Si(H)PhtBu.
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Figure S 45. 2Si{*H} NMR spectrum (CD,Cl,, 298 K) of (rac)-(tBu),PCH,Si(H)PhtBu.
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Figure S 46. 3'P{*H}- NMR spectrum (CD,Cl,, 298 K) of (rac)-(tBu),PCH,Si(H)PhtBu.
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3.5.8 Synthesis of ( rac)-(tBu).P(Se)CH.Si(H)PhtBu ((rac)-1-Se)

tBu_ tBu tBu_ tBu
¥ 1/8 equiv. S )G
equiv. Se
* - %
Si Toluene Si
By | H 0°CtoRT, 12h  tBu” | N
Ph 24% Ph
(rac)-1-Se
I n an oven dried Schlenk fl ask, ueg swvalse nsiuusnp e(nWC dmg ,

toluene (5 ml) and cool etdehdotviydhtia yd A @.h emfytl & rswd ryd s) ,medtih
phaf&58. 8 mg, l1.di.ynmwlas vish@ireidgqge and the suspension

without further cooling for 12 hours. The volatiles
extracted with pentane (3x5 ml) . iBr wihng ht hhwassa alru tfii el
crystallization from cold greapdef@08B8omgi ve. RAemdcesir &:q

The crystals prowgddsdiftraltlte onor X

HNMR( 400. 30 4CHz,2908D=R) 86 [9H,Hs)gi, C(1C 32L=15d.,4 Hz, O9H,
PC(He)s] , 1.3%39= [1d5. 1 Hz H3)spH, 1PEB C[Igkddi( ABH)Z,,4. 2= Hz

54.1 Hz ,HPJH, 4S.i506 [ m 3kiet h3 .sAIhded |1i0tde.s5 HE, THZ2SI

[m, BH, 7.56 [k} ' ZMINMR(100. 66 JBHz, 2 9&D= K%d Dcrf

26.3 @HP] Sil1Plc® [4d5 CHCH Si27. 4CHfsp, S8 &@e=[ dd 8 Hz,

2Jcp= 5. 8 @Hs)s, PXA.'Br=[ 3,4 . 1C(HCZhE] , P 3 83)ch= [H4 . 1C(HCA] , P

128. 14)][ SL29C A8 ., [ $34K8 [13,5ABS['MINMR( 79. 49 NHz, 2C®
K)yti=-1. @ 2§r= 6. 6°PHRINMR 162. OLDRKHz ,2968=KJ4.2 [s with satel
Upse 348.55eMr}] NMR6. 31 Mz, 2C88=-K)88 d3Jsd= 695.7 Hz].
CHN AnalCyisPSeSi: calcutatdd8. TOUMNASL 13 6B EBBMES

(ESl )alcd.ifdp@? S e JiM+HC 403. 1489; found: 403.1492.
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Figure S 47. *H- NMR spectrum (CD,Cl,, 298 K) of compound (rac)-1-Se.
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Figure S 48. *C{*H}- NMR spectrum (CD,Cl,, 298 K) of compound (rac)-1-Se.
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Figure S 49. 2°Si{*H}- NMR spectrum (CD,Cl,, 298 K) of compound (rac)-1-Se.
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Figure S 50. 3'P{*H}- NMR spectrum (CD,Cl,, 298 K) of compound (rac)-1-Se.
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Figure S 51. 7"Se{*H}- NMR spectrum (CDCl,, 298 K) of compound (rac)-1-Se.
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3.5.9 Synthesis of ( rac)-[(tBu)2P(Se)CH:Si(H)PhtBu][HB(C &Fs)3] ((rac)-2a-

Se)
tBu\ /(tg;u \ /tB
( \S © 1.0 equiv. B( C6F5 P\®
< Se
SI\ toluene J/
Bu” | H RT, 2h */S'\ [HB(CeFs5)al
Ph >99% Bd Ph
(rac)-1-Se (rac)-2a-Se

I nside a glovebox, an oven dri#db®cthdbewatky |f(lpahsekn ywa)ss ic-I
l yl ) met hyl )phosphine selenuide @8 mg, sOQpeédt amblor dpl®
(61 mg, O.12uimMmwmolTolluetneeqg 2 ml) was added, and the s

hours at room temperature. The resulting biphasic sol
with pentane (2 x 5 ml),(r 2 eaeSedsng whe(tldrexs,jol @dl DPr oduc
mmo | , >99 %) . I n an independent experi mernyts,fracholX ur |l es.

di ffraction analysis were obtained by pentane vapor d

| ut.i on

H NMR4OO. 30 4CHz ,2908D=K.)08, [ OH H3s] C( @ .3%2p2= [M9. 0O Hz, 9H,
PC(H®s] , 1.3%85= [1d9. 1 Hz H)PH, 2PC( CHAdYABHK) HZ 6. 0= Hz ,
29.0 Hz,HPJH, Ni62=gb.q0 HH] THADB [ ,2H,.56 [m, 1H,
Hpd , 7.63 [He] ‘BEH} NMR28. 43 4GHz ,2 9G8D=K)5:. 6s YE{iH }
NMR(100. 66 A8z ,29@D> KBd Ber[= 19. 2CHIZ],, SA2 CRCHR]s,, 255. 2

[ s, CHA:IC( 26JcB8= [A.,3 Bis)s] ,PC(7RIch=[2., 3 BHs) ,P3(McF=[ d,
17.7 G{LCH] P 4 Wcd= [W5. 4C(CH] , P128pd4 [1s2,8p43 [1s3,Ced3 [ S,
134. @pd[,s,137ck=[D44. Gwodk,e C48UcH6=[ DAY . hwHELF €}
NMR(376. 66 48Hz ,29@D=K)6:7b3,[-66%,5 [HU83.3F] dHiH}6F] .
NMR 79. 49 MHz,2C®=KJdDsrE 14. SCHZ]3P{H} NMR62. 04 MHz,
CDCh 298 =K)y7s.]85€elH} NKMR6. 31 MMz, 2C8 =K.)3:9 d s =

306. 4HRMS . (-M®) cal cd.:Hd0®RS $[icCa tp,eABFs[ Anion401. 1333,
512.9931; foundsOPSE8i 265h2 E6mpound hydrolyzed during
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Figure S 52. 'H NMR spectrum (CD,Cl,, 298 K) of compound (rac)-2a-Se.
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Figure S 53. *'B{*H} NMR spectrum (CD,Cl,, 298 K) of compound (rac)-2a-Se.
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Figure S 54. **C{*H} NMR spectrum (CD,Cl,, 298 K) of compound (rac)-2a-Se.
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Figure S 55. **F{*H} NMR spectrum (CD,Cl,, 298 K) of compound (rac)-2a-Se.
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Figure S 56. 2°Si{*H} NMR spectrum (CD,Cl,, 298 K) of compound (rac)-2a-Se.
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Figure S 57. 3'P{*H} NMR spectrum (CD,Cl,, 298 K) of compound (rac)-2a-Se.
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Figure S 58. ""Se{*H} NMR spectrum (CDCl,, 298 K) of compound (rac)-2a-Se.
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3.5.10 Investigation of the stereochemical course

B
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abstraction followed by hydride addition:
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Figure S 59. *H NMR (CD.Cl,, 298 K) of compound (°R)-2a.
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Figure S 60. *H NMR (CD.Cl,, 298 K) of compound (rac)-2b obtained from (°R)-1.
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3.5.11 Synthesis of (°'S)- and (°'R)-(tBu)2P(S)CH.SiPhtBu(OCioH20) (4a, 4b)
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Figure S61. *H NMR (CsDs, 298 K) of the mixture containing 4a and 4b. Expansion highlight the signals related to the pro-
tons in geminal position with respect to the oxygen. The integration is normalized to one hundred to show the diastereo-
meric ratio.
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Figure S62. 3C{*H} NMR (CsDs, 298 K) of the mixture containing 4a and 4b.
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Figure S63. 2°Si{*H} NMR (CsDs, 298 K) of the mixture containing 4a and 4b.
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Figure S64. 3'P{*H} NMR (CeDs, 298 K) of the mixture containing 4a and 4b.
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Figure S65. 'H NMR (CsDs, 298 K) of compound 4a.
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Figure S66. *C{*H} NMR (CsDs, 298 K) of compound 4a.
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Figure S67. 2°Si{*H} NMR (CsDs, 298 K) of compound 4a.
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Figure S68. *P{*H} NMR (C¢Ds, 298 K) of compound 4a.
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Figure S69. 'H NMR (C¢Ds, 298 K) of compound 4b.
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Figure S71. 2°Si{*H} NMR (CsDs, 298 K) of compound 4b.
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Figure S72.3P{*H} NMR (C¢Ds, 298 K) of compound 4b.
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3.5.12 Synthesis of (°'R)-(tBu).P(S)CH.Si(H)PhtBu ((°'R)-1)
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