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Preface

The herein presented results have already been p
thesis (see above). The corresponding citations
chapters.

Each <chapter includes a |ist of authors and th

described.

Further mor e, al | chapters have their own numer at
in the schemes and figures may differ slightly
introduction and objectives of tthhea wwmaorkpreaerhenp
conclusion at the end of this thesis.
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Abbreviations

Ar Aryl

DFT Density functional theory

d.r. Diastereomeric ratio

elr. Enantiomeric ratio

El Electron impact ionization

Et Ethyl

FD Field desorption ionization

h Hour(s)

HR High resolution

HAT Hydrogen-atom transfer

iPr Iso-propyl

Me Methyl

Mes Mesityl = 2,3,5-trimethylbenzene
min Minute(s)

mol Moles

MS Mass spectrometry

NMR Nuclear magnetic resonance

Ph Phenyl

RT Room temperature

RPC Reversal-polarity catalysis
RRPCO Reductive radical-polar crossover
TMP Trimethoxyphenyl = 2,3,5-trimethoxybenzene
tBu Tert-Butyl

Tf Triflate = Trifluoromethanesulfonate
THF Tetrahydrofurane
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1 I ntroducti on

1. Lewis acids and bases

The concept of Lewis acids and bases proposed

af undament al principle of chemistry. It elwucid
chemical reactions. I n accordance with this th
pair acceptor, while a Lewis base Lewcsaanactsr
encompass a wide range of chemical species, in
main group compounds with wvacant orbitlals «caj
Common examples include “metdndc®dRe ocorn gmasiupph as
compounds ssuchhgd BCCbnversely, Lewis bases enit
with elliecepabns available for donati on. Not abl e
( Ny, waOpr &a&aHd various organic cormpgendsocosuh
atomhe interaction between Lewis acids and bas
coordinate covalent bonds. I'n this process, ¢t
Lewis base, l eading to the formation of a coo

(Scheme 1)

H

L H
H~‘N/H Lewis acid/base |, % _H
. L
- reaction T@
— T
C)
B-:
F_B,-\F “\'F
i FN

Scheme 1: A typical example for a Lewis acid / base reaction.

The strength of the interaction is hereby not

of the individual parts, but also by the abili
spheifbis becomes evident swkeevi sl aackidng natScthieenel
goes frompédamnmairgemal di nati on mode, with ideal

the fluorine substituents, ,woth teeabhkdndingo
109.5 A between t heonfdeuoteghi ewehl Bsueb sitsi thuoenndtesd t o i
more bulky substituents at boron are present t|
to the increased energy demand from the trans
smal |l er bondhhg &BangeeactiTon plays a <cruci al |
processes, including coordination chemistry,
Understanding the pri nctibpalsees ignaveerrancitng nlse wiss
designing novel catalyst s, e ldu cp rdead ii ntgi nrge amnd i ¢
behavior in complex systems. Boron, which is

Lewis acidic properties, particdl abloy oinntthehf

(Bgl and in the | ast decade especi abill,andris(p
related boranes wit h*Tfhless®r icroantpeodu nalrsy Ir eqardo U fys .a
pairs from Lewis bases, forming stable adduct
processes.



1. 3i | i-bcaosneedwi s aci ds

Whenavig@t athesger i odgrco utpd ldll 4 ,e n d eenxchyi btia Lewi s
acidic bshakhviohtly | ower compaNedetroebpgpetespl L§ el
certain silicon compounds, includpongdmiwi scon t e
acids wunder approFporri aitnes tcaobedei,tsi hamgihdaiyied SSi((11M))
cations were found toAldéi caddt t-Groacfatisa Fryezaecdt®li oenl s
CiF hydrodefluorinatamahscammadnyglelyndid &Ficlhygime

Lambert, 1996 Catalysis mediated by cationic silylium ion

-

Ph3C[B(CgFs)al (2 mol%)

SiEt,

A

Et;SiH (2.3 equiv)

-

’ o

Ph

Ph

CsDs
RT, minutes

LH
Ph Ph

Denmark, 2005

Catalysis mediated by neutral silane

0

M

Ph” “H

(R, R)-cat (5 mol%)
SiCly (1.1 equiv)

L
v

OSiMe,tBu

OMe CH,Cl,

OH O

Ph)\/u\OMe

cat:

-78°

C

| (CHy)s

Scheme 2: Cationic silicon Lewis acid catalyzed hydrosilylation and enantioselective neutral silicon co-catalyzed aldol

reaction.”

The wutilization of silicon for potenti al cataly
abundance and eélseywias ceecsisdibd Isiitlyih,con compounds c;
into two categories. The first-basaddcgoomp cwmds,i
which exhdvwiig adighi ty due t o tolreb aphrdd & ehred @ qfe nae rva
cationi.c Tnhaet usreecond category encompasé&ew  sneutr al
acidity due to thecoombihatiyomnhocoétomomponuadghweirt h s
basic moi etleens.s Meutdriacl sil anes display remarka
applicaarons| patairnagft ytnr aansf or mati ons spanning o
pol ymerizati on, aAHo wematkteri alr asicit eonal neutr al S |

Si £l are constrained in their api€li bandensl dueete
years, this issue has been circumvented by the i
and/ or perfl-onor iangi'éGreablu kel al demonsitaooan ed t he

basedat

al ysts i n promoting

vari ouBi eAdsdgearni ¢

r

¢



cycloaddi-opemisng rpamlgy me itH zbaotni do nascltOaveadt i Cohnes .f i r s
exampwas published by Till e3)*2and coworkers (Sct

o cat (5 mol%) o SiEts
/©)J\ HSIEt; (1.0 equiv) /@/‘TH
H > H
O2N 25°C O2N

F

TS S S NG eu
T OF o~ o F

F F

Scheme 3: Hydrosilylation by a neutral bis(catecholato)-substituted silicon Lewis acid.

The employed bis(per fl ud)o cdaetneocnhsat |raatt od)eswiirleammaer K]e
acidi tewen s uB (p&)s wihrem tested b y-B etchkee t G u t nmeat nhno d

Futhermbeehydrosilylationf,washdmiusnd wiot hp r Dic(ece:
entirely different manner t hanFsi(hFei ghuyrder ols)i.l yllta
demonstrated fXtat at fee®i hgdt os islwiltaht ieomna nafi ogplu
sil ameshighly dependent on the polarity of the
such as cyarl eotheerxtainen of the stereochemibceal coni
predomi nant (70% ee) . As the polarity of t he

racemi zation Whe abddedtoedtheadt HINM&Rc hemi c al shift
EtSi H does not <change G0Ozxptome rme fxawreay etwhaghyh e Sit ©c atr o
an alternat.i(vlei gnefcidrddmi,s mi ti al stage of the cat
to differ obkserr v ddFs)i-cnatBa(lG zed hyldrostidayd avof ohs
anticipated inteleavdtsi @arci e tamale i, hteahheei Iciomord i myad ri
t hlewis basic al Davlmaysdd dtemntSif(iealt as the initial

by a hydride transfer from the silane to the |
results in the formation of a highly reactive
undergoesi cgimpiydernsi bond f or mati of)c artealleyassti nan dt
forming the hydndsgigluy Iefantigsd sptreopd uicst | i kely t o be

influenced by soltvoentth ee fofbescetrsv,e d elaodsisngof st er ec
pol ar solventses)-tatabpredshydBo€ilylations i ni
with the compl éldamooert pwf byheéh&i Lewi spoasciitdi,v er

pol ar iozfattihoen si(lHicgourr eahlo)sn i s foll owed by a nuc
Lewi s basic moiety, such as an aldehyde or ket
formi ngDO abnongli. Subsequent to thidH moihgtdy idecuanr
onto the electrophilicetaenbonygl tbdg:spoondatctbobmand
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: )/ \
|
]
|
|
|
]
:

Si(cat”
o Et/ \o Et
0 : \
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Figure 1: Mechanism of the hydrosilylation of aldehydes with bis(perfluorocatecholato)silane and B(CsFs)s.1213
This illustrates -Hahxee d olt emitd ad ciods siid ielonci dat i n

catalysis that remain unexplored.

1. 2Si1l yli iomms

The <c¢cl ass-ba$f dabwiilsi coni ds willelwi 5 h @acrhed gpthlgest cat i oni

silylium ions. slmaldcemrt rigoosoto lptoal dtelsei rcar beni um i on
ions emerged much | ater, sparking controversial
condensed‘“Ppersapsietsde | tahteeidr i nt roduction to the c¢chemi
utilization of silylium ions as reactive interr
momentmiam,ki ng a notable shift from thei ?nitial
The difficulties encountered in the isolation a
Afreéeeo(mMi gurec®ypl ed with the intricacies of t

contributed to their sl ow start

Bulky mesityl groups
allow for a complete
shielding of the vacant
p-orbital at silicon

“[B(CeFs)al

5(%°Si) = 225.5 ppm



Figure 2: The first truly free silylium ion reported by Lambert and coworkers in 1997 16

The first report o#@anaosofveet sahglcomni en was
and coworkers in 1997. They used the extremel
shielding of-ortbhiet ai acaatnts i'flDiuceo nthod Fhgghe L8Wi s a
resul tingt hhroeoeo rtdh eniart e c,ata o nwehleln ahaisgrhd v el ectr
characterylafunt heohesi $§el ecti on of a sunibables o0

chall enging task. This is becaukewvsrpaint!l wifh
silylium ion. Consequently, unless adequately
by Lédwiss ¢ moi eti es, resul ti nbgassenahbtihleiizuenar nsaitli)

cations.

1. 2Sy2nt hesi s of silylium ions

The choice of solvent and counterion represent
synthesis of silylium ions. The advancement of
by the evolution of weakl y°POnd gr dai nsaeli encgt afnd vor
coordinating counterions are oxidatively robus
are not nucleophilic enough to react irreversi
have emerged as promiBéngychmesidat eodf fsarl yti
perfluorinated o¢R)]ydndbotrlag e pdg BieLlosgpdeatbdr at e
[ BELP (Fi g&y're

Figure 3: The perhalogenated closo-dodecaborate [B12Cl12? and the perfluorinated aryl borate [B(CsFs)4]' .

I't is important to note that even when using f
Compounds W%Ftho@¢@sp such as the fAJu(oAd nalt,esd ar
CR) €Hs), are unstable and decompose t hr cdanwgihs f | uo
acidic siWhethuen |i oamséer saméil i zed?bny gleetwbtiesalb as €
perchl oaglicisadiread es exhi bit greater nucleophilici
perfluorinat edssplr,ylbimarn amtge t[hB@O@Qgh one of the

silicohHoweven, the super i dre sc reyxshticaliolsi®zda thiyen p
andgl osaor bor at es, which are i mpartednegattihweer

aspecstl iofhtly higher nucleophilicity.clT®h®o supe



carboranes were effectivel ystdetmonch armad etde rt ihx atuigd
elusi veaSikdn by Oestref%dh amd egaulaléygued. not me
sel ect an appropriate solvent for the synthesi
electrophilicity of silylium ionst,ewhaél BRsksgsents
However, the method of synthesissnoui tsablyd i uan v em
si ntcheey are unable to sol ubi Ibi¢zve etnlkeawhrse abgaesn tcs .t yA
of the solvent and t hewassolfutbdn &t g matfi ct htey drreocacgaer!
hal ogenated arenef8 ,'Ploe emminoysdd amresne-omwei t her se
donor s, depending on the substituents, 2Y¥esultin
silylated ar?®drhaldiosmsiulny lith@EFogium i ons

SIEt
@ R SIE
t
H s|Et3 SlEt3 8

SiEty; @

®/ 1

R/O\R C

S|Et3 |
R

Figure 3: Different solvent adducts with the triethylslilylium ion.

I n general, the fluorinated arenes are more rea
the high fluorophil?ttiysotinfbetanbhyki timatati oma
hal ogenated arenes, or siladekeamatpoer.ofolsvéryt:
Thiosten results in long reaction times and the 1
| ower phase containing the silylium ion species.
purify by recrystallizatihdmgheTheassei oy, selecbant
nitriles, results in theahmdrsmaltybri(tFdiglsirlkeml3i)xos
rendering them unsuitdbeesfbyl itihm ihamdbspagi @$. f
al kanes, sQic hrapr €slckcaesdoll avnt for the chemistry o
Neverthel ess, for -sthabislyinazeice s s 5Cladfd umom lojms pe CH
employed up toi4emperBruerdedfexposurid0tAcC t emper
results in the ifloanmeast iaonnd otfh ec hdleocrootsh d% et eanl gf tF
synthesis of wirephdumt edtionsacwordance with est
derived from the synthesis of carbocations. The
cleavad® Kasi OAl kyl ) bonds. Neverthel ess, wh i
effective for the synthesis of carbocati ons, t h
silylium cations. One of the difficulties encou
synt hedilzilngms cations by Ol adh2’and coll eagues ( St

Me, HSO3F - SbF; Me,

Me—Sl OMe ——m>» Me—Sl F

M S0, Me

-70°C

Scheme 4: Attempted synthesis of silylium cations by Olah and coworkers in 1969.%

The reaction of trimethyl ( metFhfoSdyBism | hngquiwd t &ulr
di oxide demonstrated that the highly Lewis acic
trimethyl (methoxy)silane, resulting i n t he for
trimethyl (fluoro)sisl aypet imdaesikybki wint datSibdn i nt



obser(vecdhentéDeds)pi t e the absence of evidence

fo

cations in this examfdloghe sapstelgeeing aft teimpylsi u

cleavagéX of X=%ial , OAIl ky 1) bonds have i dent
inter madi (a3 &b &me

tBu, Ag[AI(OC(CF3)3)4] _ _ Bu ® ©
tBu—Si—Cl »  [tBuzSI-CI-SitBus]'[AI(OC(CF3)3)y]” ——— tBu—Si—F—AI[OC(CF3)3]5
/
tBu CH,Cl, _ (Buysic B
-50°C 1 2
0
_ F7Q(CF3
F CFj4
0°C

Scheme 5: Reactivity of the bissilylated halonium ion 1.

i f

The obtained bissilshbwal gddaabmpbodsiets ifabtomiret g t r i
butylchl orosil ane antdebtdilt e/ | hisdgldyn,i uveaicah viemmed i
abstracts a fltther umenat eamohudtoermi ng the zwitte
fluoroal umi n2a¢ c hsepreec iTehs s demonstrates t hat h
particularly fluorine atoms, should be avoided
i ons. Nowadays the most successmf ulonmet Bod fsqre
version of-Cohd®amhardaildart hy#r i def drrraencsfteo as t
react’Thhe.reaction is initiated iHy btomel rhet ear clt yt
el ectrophile, which is paired with a robust we
majority of cases, the electrophil da tofiCilc Pchi c e
Upon reaction with sil asdds, st Herimedr.t Tdhiide i pr @
the thermodynamiicnvadl iveidng nf otrhcee Cor ey reactio
electropositive nature of silicon (Pauling ele
carbon, silyl cations are thermodynamically n
cal cul ati onsHsSin]dsi cneotree tsha@hlbje 2 &tk JBHtoh si | yl i
ions and carbocations are stabilized by the sal
|l esser extent.sSFibs shabibhteeli[nPc o2ndpda rkBIE, prmo It o |
whems 3sCiPhs more st&£lbg #BAnNRPTHMel di screpancy
attributed to the dissimilarities in the dimer
orbitals of silicon. I n the case of silylium c
orbitals, which iincitenmtn Hymarsc d mj U gsstsi vee fi nt er
effects between the central silylium cation an

be prepared with a vari entayt i mfg dinfifoerrse n(tWCvAesg k |

include perfluori na’teper htae torgeeantagdabdoly mitzetse s ,

perhahagd dbor @dfasmsd per fl uor i Rfalthed sell lemit ri othe 0.f
amon has a <cruci al influence on the course
unpolar solv@&nts (Scheme

C
of



PhsC* PhsC*

[B(CeF5)al™ [HCB44H5Brg]”
Et3Si—-H —_—
toluene toluene
O = B-H
O = B-Br
3 4

Scheme 6: Different outcomes of the Corey reaction with the triphenylmethylium cation, depending on the WCA used.

I n unpolar solvents such as toluene, hydride ab
tetrakis(pentafluorophenyl )bor atsed albéeddz etdo sti hel f
areni udn iThe same reaction, alhesermerrfadreme dy iveiltdhe d
ani-otmabi |l i zed4doswilnyd ituanhtahben tfhaecste ani ons are stron
the soltsedhen both reactions are performed in s
uch as halogenated arene®meebofiebdt hor emicti iolhe 9
he same due to both reactions f o%TH engr @ éaicet icoom r e
i mes are also highly dependent on the choice of
alts with perfluorinated aryl borate counterion
emperatur e, reacti omrcd ow#t Ihortactildodsdod mime s all $ 8 a lolfy
xtend to a few hours or days of reaction ti me.
| osaor bor atelsolseondt es are significantly shortenece
ubility, while the reaction times of perflu

QT QY ®”®OOD 0L 0
o

ffedtedhot hereswabli shed synt hesi s pat hway for
ehydrogenative pr odnst g sdi?cTbhdes .sptrrootnogn-alir 6 n o f C
utylsilane with Re®GHh)s] bleth2B niremui 68 |J H(the evo
i hydrogen and the formation(®¢hem& ZTorrespondinr

[H(CeHe)" [H(CeHe)I"
tBU\ [HCB11HsBr6]_ [HCB11H5Br6]_ ,tBU
s - H-si
tBu H CSDG ,SthBUQ CﬁDB tBu
RT, 15 min Br RT, 15 min
—H, —CgHg

O = B-H
O = B-Br

Scheme 7: Reaction of Reeds benzenium ion with different silanes.?

The chemoselectivity of this protonation remai n:
by the observati ont e¢bhuatty li pnh etnhyel scialsaen eo,f ndoi di hydr
but rather protodesilyl ati drscdhfe mehlTdBeghweatyilomr ouryp
is analogous to previously investigated protode



acPdHowever, when Brook))drmBiAs (aaaci 3, GRAH:)OEL s
empl oiyredt he same wheéeadbtioecn syptaal ey coantari on
cations d¥})i¢ bonC€(apti vFatdroomypg ethtet ySiipheny !l si | ar

selectively cleaved over the phenyl moiety. A
present . Current research indicaFes ttemat tmorfev
the dehydrogenative pathway, whereas unpolar s

of the phenyl group. Thik orr osiolcyll atiesd neorte n & smi
extended tQ Sppt he’fdSi

1. 2St3abilized silylium ions

Silylium ions, which possess high electrophild]
manner, even whe-he wiese nbiansgilcy mmooinet i es such as a
used as solvents. Consequently, the formation
when the highly electrophilic cationic silicor
bul ky (sgenfslaowevemnset od bul ky Il igands result
l'imitation of the cadtahFthifcenet iaiftiynelfy stiwiyeéd
of silylium ions is necessary in ordétThe all o
stabilization of silylium ions dawi bebasditeed
al r esaodlyvsetnatbi | i zed silylratumomeonsi byl bymprepai n
of a stabiel it hiemogri bianster amolAécerantyvely, the si
stabilized by sathabaklkippmoag dhe present s bot h ad
di sadvant agweant anee iasd t hat l ess electrophilic
preparation of silylium ions. This is exemplif
silylium ions throughChebendsywithctbavapgkverf
welly coordinating anions. This approeehsis or
bases are present. Furt he&Foa@ame ,b es eelmpd rotyse ds u awvth
typically incompatible witthOdesdi sddbant aga

t hat i tofmagctriecnul $ paé end,a asedtulce
as dtohempgeatid ywii tuhm tctag itoyndr i de ab

met hodol ogy i s
such
hie wii ar maltdiue ) .4 fScd e me

empl oyed, u
l eading to t

Ph,C* Ph,C*
-1 [WCAJ- [WCAJ- ¥
Ph;C—DR, —_—— DR, e R3Si—DR,,
HSIR,
[WCAT [WCAJ™

D = Donor atom

Scheme 8: Competing reactions in the formation of donor stabilized silylium ions.

Due t o tlOhdeo nloar genf | ue n-<caen db yc hpanliccotgoegne nat oms one
guestion whether these atoms should be cl assi

onium ions. UOflltecdupm tdmemati on significantly | c
silyliumtcheet ipponsi ti ve <charge remains | argely ¢
el ectrornfélgee i ekt gnt to which the silicon <cent

contingent upon the type of hetermtatoum rsedrditre



t he Lewissi layciiduiam cc att h eLnedwinso.f bCaosnes e q uajnt diygi ous

choi denwypes amd ngdteeermimcbé es t he tailored tuning c
of silylium ions f%8®i ILylwdrsi vuanciidoncsathhdweilseen i d
intermedi ates in transfor matewins anecidda,t edhdrye sy
energy |l owesheunoccupiledi srbasat sbtbstewis is | o
adduct flPAmptomnnent class of reactions-followin
promoted deoxyge(n&dheme Ir®)atcheé ®easreacti ons, carbo

reduced to the corresipmoag ds inligta miésk ynlo tgerwoourptshy t hat
of si liydboarsieudm L e wdii f faeadisd snar ke d | yb afsreedmi s hati d§, bo
which only reduce carbonyl moi eties to the corr
mechani sm. I n an demonstrative exampleadvy Piers
reduced to ethylbenzene in theCphpf&FHLn¢Scbemeat al
942 n conjunction with previous studies conduct e,
the deoxygenation of benzaphepioenpearrigdd [tBWIPeB ,br e s en

(CFEHs)s , a mechanism could 9p*8 formulated (Scheme
Q PhsCIB(CgFs)4] (20 mol%) Ho H
©)LMe ProSIH (20 equiv) ©)<Me
RT, 5 min
_iPrySiOSiiPr,
H

si(
HSiiPrs >)/V [iPrsSi \
Ph)(D\Me o+
PrsSin g SiPrs ‘\] ®-SiPrs o-SiPrs
R e
)\ Ph)’rO\M

/Pr3S|\®/S|/Pr3

6+
H>|\
\ : /\ HSiPry

’Pfasl'\ _SiiPrs

N

He o~
Ph/(-DkMe

7+

D = Donor atom

Scheme 9: Deoxygenation of acetophenone and the proposed catalytic cycle of deoxygenations mediated by silylonium
ions 4243

Fi rtshe siclagthi*umst abilized by a donor -imwi et vy, e

propyl di si-il sporeomey | osri |tarnie clocomi i rbaatse sc tcaa rtblhoeny | f u
acetophenone. Iehwis fa@rdmagcdt waeiisgdr opyt sil ane mol ec
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can transfer its hydride, possibly &9si sTthed b
newly f orimgad olpeydxai sil oxane in is a superb |l eav
oxoni u&aindnforming t®&%e The boewtyohorn¥dscarbe
lLewi s acidic enough t o -iadpmtorpydtsi d amedr itdherfelogm
the donor stabblainded osimli ynilgi emhiydméiThen gsriom pt he
of M¢ther and Oestreich demondter antoald fti realt ttohiys

intermediate alcohol by wusing silanes with an
transfer dlewed st la@wiuthbbhe needing to proceed to
transi tibPhhetaltectrophilic activation of carbor
can also be transferred to carbon monoxide moi
was demonstrated that the electrophilic for myl
i omnd car bon monolxQi.deHo(wsecvpaeranet tuime cchaelntiuclaalt i ons
indicated that carbon monoxide is not the act|

si-aykene .cTdhtiisonis based on the obser(\Cdtnldn t he
[ B3i (O€ations are mor e ssttaabblid itzheaBn (HGHIE®S oanr € nEet

4 SPT3
|
CcO (9 bar) H
[iPr3Si] [CHB4H5Brgl™
O- C|2C6H4
50°C,24h
[CHB11H5BF6]_

Scheme 10: Formylation of benzene mediated by the tri-iso-propyisilylium cation.*®

Thiformyl ati on reacti chre rrefalcadtvd tryi codl ys t atbhidti z
anal ogous to tleavi sofpafimwsst(rFdtPesd . I n a certain
ions can al so be rlLeegiasr dpeadivihassn fbroutsht rLaetweds cent er
properly from each ot her.

1. Brustrated Lewis Pairs (FLPs)

Over t he past few decades, organometallic ct
groundbreaking reactions, made possible by the
and transition metals. Examples of such® appl i
chiral catalysts fdfcrosgmmeingcrelpet hesmafioon
newiCbonand metat hes'tAsl | c aotfaltylsésse reactions m
bi functional role of transition met aldse,nswhiych
from a substrate molecule and -Womditreg ed releit tr alins
baebkondi ng. This facilitates the | owering of t|
renderi mgrehsesmepti ble to chemical transfor mat.i
the ability to accept electron density, particl
recognized and has beerneweikxs$ eaci 6 etogrt ahmpasnopyl eeds is
sectionSim2)arly, the abislittyy i-dnrdboidt@anlad eh &3 eaxlt 3
wedbcumented and utiltwiedbiaset’dawv@bemi sd ombi ni
both concepts into a bifunctionallewiod baassied al | vy

adduct, which negat es tehwei sd easciirde da nedf fdeaddt@ss , olfn bt

11



a selection of seminal publications from the ¢

successfully combining both concepts, and paving
today as Frustrated®'Treevi f ulPdament(aALPsdncept i
straightforward: Lewis acids and bases are prev

and/ or steric hindrance (Figure 4).

Intramolecular FLP

Q o
Qs @,‘::::'ch' =

.

B = Lewis base
A = Lewis acid

Figure 4: Representation of the concept of an intramolecular frustrated Lewis pair.

Nevertheless, it is impyopmthaedi $ ooff eEloRganiize nhtats
It should be noted that not all possi bl e combi ne
the Lewis acid or base be stud fgenematlg dre weélse atcl
bet ween both moi ettioe se nsatbrl cen gs uébredTurhpdt ee | aeccttirvi act if o re
gener at eldewiys talca d and base is also highly depen
bottbwi s c¥hbhethe event thats loteh sli ¢ wiag ede mtte an
di stance from one aoaotheda ,t mot he aeclte otnr iwe | fli el d

or the orbital distance beingbekbetswvarlegedt spal
positioned in c¢close proximity, Lewis acid/ base
i mpedi ng Sftfemactthevigwent that all of the aforement.
remains the possibility that the substrates may

t o steric shiel dianpgpr phANdeat i mgl etshsei count | ess S
examples wédréenrepertieterature SElihtehimmo stth es U cacsets & fwm
class of FLPs are undoudwiesl| paibros owi phospmer ags
able to catalyze hydrog®¥ha&atYi on reactions (Figure

Intermolecular
Intramolecular FLP catalyst Intramolecular
FLP catalyst combination FLP catalyst

R F PPh, PPh, H

! ! ® B(CoF
(Me3CeH2)2|!’® é(Cst)z / B(CgFs)3 (MeacGHz)zﬁ’/\/@( 6F5)2
H
FF

Figure 5: Examples of intra- and intermolecular P/B FLPs hydrogenation catalysts.

Al t hough intermolecul ar FLP4 haneimoramokadul §r s
typically involving tLlkeeaevi si BEtEgs whit kiencgo monfer ci al |

12



avail able bases, the effort expended in synth
enhanced ability of intramol ecul ar FiThse t o a
combination of group 13 and group 15 el ements
the field of FLP chemistry. This is in stark c¢

such as silicon. As previous!| ygammeotes ciieawh rign c¢ h
acids, i sol obal to boranes, dbet t wohhenm- $ilgiheo
akylar yl bonds shielding the Gdrsdqguwemtclay,i otnh d ye
i deal candidates for the synt,heaslilseiotf mmoerwe FdiPf:

shield fhbamek®lweé shi gher Lewis acidity of the |
compared to boranes should al sof entheam&EkiPiche r
the ulsewerdf Lewis bpasisé¢®bimdieedies he M¢ gl Il er group
that the combination of the stMea&)l'EBE{Hywietnlc umbe
the shiel dedlLewhaes phacsreusiP Mes )y reversabl yoamt i v
temper@Sauheme HERWwever, the selection of the Le
i mpor taasnceet,her empl oyed Lews)s lyaeesedsaaoh uas die
mi xture of'Thpeodtietsc hincdrasrede FafP®diilpyalrituinc ul a

significance, as it can not only result in th
occurrence of a pr qtSehatmeoldt29ii slekmewmr tti Mat t r i e
can form silylated arenium complexd®® which ac

Dihydrogen activation by a silicon FLP

'd \

CsMe5 H2 C6Mes 'I'

I PMes; |

Siy _— Si + Mes—P~Mes

CGMe5/® CsMes CﬁDG C6M85/|1| CBMes l\l/leS
RT, 5 min _
"[B(CeFs)al [B(CsFs5)4l

\ J

Protonation side reaction with silicon based Lewis acids

( N\
H SiiPrs SiiPrs
%, H
P(Mes)3 NO)
—_— Mes/T\Mes +
toluene Mes
RT
“[B(CeF5)al
“[B(C6Fs)al

\_ J

Scheme 12: Activation of Hz by silicon Lewis acid based FLP and silylated arenium salts behaving as Bransted acids. 5

The M¢l 1l er group circumvented this problem by
groups, which do not form sol vent( Scohmepneé xle2s) du
The i mited current empirical evidence on t
heterolytically <c¢cleave dihydr oge®iHopweowe rd,e st woon
mai n mechani s ms have been di scussed in the I
computation@Fi gnet'@® @i and colleagues initiall

wherein the electron densietly cipsionr befivsiftsé dxraesde f r
intontheoawmirdgtal of di hydrogen and (sdrnuilttalneo
of di hydrogen ionrtboi ttalhle wd sipttdyei d . These synerg
transfers result in a weakening of the bond t

13



6 a%?Subsequent research conducted by Grimme and

presence of a substanti al electrical field withi
pairs. The computational met hods employed demo
el ecltricald can split di hydrogen heterolyticall
electric fieldé*TlhmechatFeadhlowan hle)t.erol ytic pathw
wel | as a homolytic cleavage pathway, ywhinch ha
frustlewif sd’fRimtsher research utilizing the Locali
Decomposition Anal ysi s (LMOEDA) wiiB @l hade cl as:
demonstrated that electrical fields do play a si
H mol ecul e. However, their overall contribution
relatively minor, suggesting that the electrical
strem@utgdhh spl it odni htyhdei6fgBmwmcl usi on, the curren
knowl edge is a combination of both the electric
with the electric field model bei ngmadloenc mlaen t i n

all owing for the subisHe gpuwenndt vsipal itthtei nnge cohfa ntihsem Hb f
transf e model

a) b)
o o
\' < @ I~ P A
\PD /D \PD /<D D ——
a| aj
o to 3p(Si) donation Ip(P) to ¢ donation
Electron transfer model Electric field model

Figure 6: The two discussed maodels by which FLPs can activate and split dihydrogen.

The activation of the dihydrogen molecule is a
pol ari zabHilHibtoywdof Inheontrast, s mal Faruen pnoolraer mo |
readily fixated, particularly when considering t
even i n t his case, certain chall enges do ar.i s

demonstrat eld3®f Scheme

co,
t., 0.1 MP )ol\
rt., 0. a
Si(MesC + P(tBu — > (CgMes)3Si ®
(MesCe)s (tBu)z CoHla, 30 min ~0” “P(Bu);

Scheme 13: Fixation of CO2 by a Si/P FLP (Counterion B(CsFs)4' omitted for clarity).

The same sil yMe)dn Bigegs whs i@ e mpf odiedydr ogen

acti viant iSocnh evnd hl1 2 he same solvent a&aad emptoiyed ¢ o
CQOf i x aatsieolHlo.we vienr ,t hitg i@aasyd phosphanestolwawed no r
C Q. The wuse of trialkylphosphamnesThesal feddiimg:
demonstrate that subtle alterations in steric

14



influence the reactivity of FLPs. Consequent |
essenti al

1. 3l.nit r amol ecul ar FLPs

igher membered rings were oméembarcedd (Schg mey 44
ewis acid/ base reaction between the Lewis bas
rityliunClovatsi obhsgE®Phemde’f14) .

As previously mentioned, Frustrated Lewis pair
are sterically or geometrically restrained fro
bot h Lewi s centers ar e contained wi t hd n one

intramol ecular frustrated Lewis pairs. Compare
generally mor e reacti ve, since intramol ecul a
intermol ecut*@hi semakéesosnshe isrnthrea mmpleecd elsaro fF Lchh ¢
catalytic applications such?5@sStheyrdirco gfeancattd rosn sp
i mportant role in the design and the reactivi:t
intramol ecul ar FLPs ar e considered another S
consideration, which is thegrtihngfstimdiemr.ac@admane
acid with its Lewi g hlianstiaeca ncod ulenctud rapparFtL P i s al s c
the ring size.t Hals.2@uWibl iMgH & c mat esrtaucdtyi conf dfhesi | y|
with pnictogen Lewi®d nhbashasdy( 9¢heMpé | 24) tdhe cyecl
towards differently sizeegreilugiadedl phoaphbdoun
cyclization reaction only yoreildge ds yt shtee nabse swh eerd

h

L

t

Ph,C*
s H  CPh,
[B(CeFs)al Sli ||,®
‘ Me’/ H:] \~Ph [B(CgF5)al™
|;| CGHG Me Ph
~Si P~ n=1,2
Me \~Ph — )
md RS PhaC*
[B(CeFs)al”
‘ 6F5)a Mo, ®Ph _
CeHs Me/SI‘(\ij\Ph [B(C6F5)al
—Ph,CH n
n=3,4

Scheme 14: Cyclization reaction of silylated phosphonium ions of different ring sizes.

The root cause of this discrepancy in reacti\
preference of the Lewasrhachydbiade akscHaonion,
f omembered cyclic pwhoouslpdh omd utmi®8Vbmbk@d tsantad | er

membered ring systems, are R'mowntnoduah e rdeodn orrisn d
systems, utilizing phosphine chalcogenides as
known. The small est ri mnQ[ Beksspssyamt hgslirzee, abwist
reagent, weeenbjeuved tnpece®OR1 our group circumver

by empl o¢f9)sag BOChydctdrgabetagant, finally maki |
membered phosphonium iorf% possible (Scheme 15)
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Bu®, Bu 1.0 equiv. tBu @, tBu

I/P\ © B(CsFs)3 P\
Si. toluene W
Ph” | "H SI
ltBu RT, 2h o NBu
[HB(CgFs5)s]”
(rac) (rac)
tBu\(-D/ tBu 1.0 equiv. tBu @, tBu 1.2 equiv. tBu\®/tBu

l/P\ ©  B(CeFs)s

PL. ©
<P\ NaBHEt; r ~
/
Si

B “'S‘i\H toluene toluene B “'S‘i‘H
u _ ° & _ °c u
Ph 80 °C — RT PR \tBu 80 °C — RT Ph
1d 1d
[HB(CgFs)a]™
S'R) Inversion at Si* (SR) Inversion at Si* (S'R)
e.r=98:2 98:2>e.r. <97:3 er=97:3

Scheme 15: Synthesis of four-membered heterocyclic silyl phosphonium sulfide cations.

Further mor e, l i ght coul d be shed ont o t h
tris(pentafluorophenyl )borane abstracts- the hy
membered ring systems. This was achieved by emp
as a stereoch%mi ovals groamal. t hat the hydride abst
backside atta¥&kordommmaeihet Y onto the silicon cent
was elucidated, l'ittle is known about the steri
member ed phdsmisonmrivierm possi bl e. I n the aforement

is obvious that ring strain plays a si®nificant
however the steric and electronic effects govern
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2 Research Objectives

As previously stated in the int rLoedwagastiidon ,n Dioltihc o
its tetravalent coordination state and its catio
ion state, part ilae wbsatseeb ielgsiu @ aesickohne skey ha ghly r eact
species in catalytic appbiteaticomrss.padlaéedvoant fianrd e ¢
the stabilizatiobhubfdobde st yfulbmyi dimesncthhei ts L
potenti al to atewpsiuathfieunstemataemcci ng t he possi bi

applications. Tthieichdhpeeti wasofotbheabilamrde the hi
Lewi s aicliylidaom by employing differlkawhagshess.phi ne

The abilityt hfeo-useymmbt ehreesd zheet er ocycl es is influenc
di fferent types of chalcogens and steric factor s
of stabilization obtained by different Ssubstitu
whet hestrainig i nmdrbeereed oluet erocycl es contributes
Lewbase stabilizati oohawdfsoruegx &amisnesdt.udlyn was ext e
phosdmh nsitdaebi | i zed cationic silylium ions. The

substituent whééemswed My nirt mogen i esshased fedorat t o
moi eti es, all owed us to deepen our under st andi
influehei hgwis acidity at silicon. This- also alll
based lacwidswhi c h competed wi t h t he silicon ce.
phosphini mine eAsecdaroasuletnsitlge e|l ectindamied dbdegst
borbewis acid acfompleae i ph aesiplhiicnoinmimeuédadbei ean udi ed
Fo the first ti me, this motif of destabilizati
species as a catalyxhapbevdytdr alkbiadsiklldiadidisd d s .

i nstead of cat werancc hsoirleydl ituom pihoomsssphi ne sul fi des

wa stiunditeedr ms of Lewi s aci-alddegptanrd .iPdtfdermagethit o

substituents on silicon weeraes et etshtee dL efwirs tahceiidri tayl
Due to the |l easadelewt mafpuiildii am f neetwi&li dsi | i con
compared to chuaisedwacsidbgl!l i hbexr modynamic and Ki ne
foar reversible donor coorediendtoiwen etdao (Tthe rled wire , a (

Twwnuwo " T ow

Lewis acid/ base interactiroevecaolueldd ab ed yonbasneircv eedg u
bet ween -tama tpethtaacoordi nate states .ofFitnhael ILye wiist
was shown, thati st hniost eignudielfiibnriituey st abl e and th
state undergoes a clean and idhitHatcaoluyp2 éd gd d oy di o
again a tetravalent silane in the process.

Silanethiols havéyameageed tacapat emtsdiemmi stry

over the pasThewoadecpdesiculragMegr uuslefawdt alny pios a
replacing onemisd mgtlcechiprod arredcgt i o-mastcé@p ngi rleatcwad o
steps, thereby significant| yHoewehvaenrc,i ntgh etihre eonvpelroay
has been bhnhifteevd etxampl es. This is in tpiac't due
procedures fobuitlht sf el apampddgse esplkygi ally consid
enantiopureTheil aethmtpphieol $s devoted to the synthes

of novel enant i aamur et heiilransed hs od sasty mapipld i cat i
hydr eagteebmr ansf eri mwad adgrsdacsemi zati on sequence cons
atom transfer, p potlmoatarloyssaxcverrgdiamd subsequen
benzylic .substrates
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objectives of this work can be summari zed

Devel opment of an i nnovative, efficient
phosphine chalcogenide or phosphine i mine
Synthesi s and characterizati on of novel
investigation of their dynamic Lewis base

Synthesi s and characterizati on of novel
det er mi nata fofni et cetnhaenitri osel ecti ve catal yst:
sequence for benzylic substrates consisti
atom transfer foll owed -ployl aa photscoateal yatnic

protonation.
Evaluation of thatomftuyupeacaendfstdenbc factc

stabilization of -mérmlydri asdn lceatt @ rommsy d Ini d oruirn
Obtaining detailed informati on-mebtuwetr etdhe b
phosphine cBalhabofgemiede silicon centers, ar
steric and electronic parameters influenci
siliconsiceqpteeammuut ati onal methods.
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3 Structur al and El ectronic Ef f e
Chal cog8nabkdeli zed Silylium Cent
Me mberHed erocycl i c Cations

Preface
A synthetic version of the following chapter has

Reprinted (adapted)  Awi FhI ber hinoo®iga iRaUReRaim
155716 5.88

Copyr2ag22mer i can Chemical Society.
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3. Abstract

Understanding the interplay of structural and
Lewis acidic silicon centers is crucial for s
bond activation and catalytic t Hamsofthoalnazte d n(sCt
= O, S, Se)hbydrgdithbnosi MedhoxyYMPenydbstituent
the silicon at om vheer ecilsnygmitetmegs itoamda fafnar ¢ t he he'
f oomembecC®€&hSi d aitviecsnSygatlkeedt i wasacaebypeved for t
sul-famd s eilbasiedmcAtt Poisoughmesatnusd yo tb ysyisnrgdlye X

structure detNewWwRmisnpaetcitornoscopi c dat a, and densi
calculations provided insight into important e
the stability of the intThenodrguwl ar | gt sdiami Wi

membered Bappgars thoallaemcgdi trtemhkelred oCPChSi roi
investigated. Thermochemi cahaltubavéestuegasti onstéke
nd phosphsprluasy aathom mpor ttalmé soit ength oifSithe in
oordi hatitber. absence of sl athgeugthe biud kiye pwilbsit ot
roups onelBiatdylcomrnoups ansphbsphoyuskpgquence de|
halcogen atom in the direction Se O S < O c:
ever(sced< S i<n Sea)ser ofegul si ons bet ween steric
ubst i(t eemnttysl groups ophhbhephosiulsa @oboanmn di Nal
NBO) analysis supported the explanabPi diiveR f or
pectroscopy, amediSrieweomtded st matt coemparedito the
Si arngib8aeds, the | htgkberegbvaienngcharacter du
charge transhe¥ pstimrteeuaqic tamn.

n—~un - o0o0KQ o0 Y

3.2ntroduction

Smal | inorganic mingteyesieimsg aclasas of compou
inNtriguing electTheai chemibhgetéreyw ioef eghriocup el ement
compounds in which a donor function intramol ec

receiveagrabhei dttentiohniforalmay,y tyleearfSocus of
ithnramol ecul arly stalbée mMé&mtehsl,c gr guap nddB renewed

particularl ytihre tdlee ed amptimeett fafel d @fai(ffAslufsst)r at e d
I'n the | aat decocxbaudetx polfontawieansct obns cawhbstyzed
acidbmpoyndse potentiramemdousheLewis achdsty of
i ncreasi reqgloyy nf Ekeinds. r s i ganfi ff & cctaend 1tyh e edretvierkesipyme n t
synthesis methods and sti mmloatedéd-lsps égromewi snat]
cat aPNewhse tscope of catwmdiyng csialpplvieemtiboms de r g
of t r ans f &ir Imalt ii wsmt aibd H & tzreadmo |l ecul arl'y by a Lewil
attractiae thrgetb| ows atchediirt ys ttroo nbge Lteawmdsd and
stereoclheim fcar mati on to be transDestedi-¢clo &ime
wor ker s trlee@oirriterdamol ecul ar stabilization of a
donor atoms introduced t hr ofugrc tdiiaes peactitdd]| ya
studied the effect oefacttli®ygildloyaosrteutdti aehd. occry ctlhec rsi
group 15 el ement onium i ondsenam@ambhecdkependéenbe
t hreing size and the matw°uir eamd -nteimd excypidd tesg evre r e

synthesized, but no small &Fhe intgudy zefs tchha lidn thi
chal ciegkenconc dtoaldy ti inccaylcllyi ca ccthiavileecyo ntihuem siaomes gr o
surprisingly 6G6&vbeoanida d hehweakkaCh oif ntt dh@@ISti Fons

chalcd®emsequentl y, the oxiognead tilben lwiagheadts oL a
of caylcll ic challTbmciowmmeipanof inteamobasiul gt saab
centhear sal so been extended to halogen substituen
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idity decreases as
t r-ogermos+ h oorxuysg e d saitl & huir |
romi aippdgi cati ons i n bond
ntramol ecul ar stabili
egard to thef gethnereaddeomic
onf i gut aRhosphlianec ogeni de
ooirndat i ngltwéer é ¢ éntelsy
atiiomswhich the el
enerating a
hosen for

romoted the
i lisword ur interact.i
catiassnsphosphoni um

c
[

a
n
p
i
r
c
c
c usi ve
g

c t hese

p

S

on and

zaffiuen hef

t hel?Dahegen nstatnopgheigredosfe »h e a

i zed silylium ions h
Zdtni veec®emt aywearcsagt a
ma&rptyipa wdhatrhlons  h

Lewi s wathdideef shedcoca

functions naeee&gmnionwg f
reportf e dneanbree ve dt yhed er ocyc |
si |yl
cabfegstarieogahli’igh e tdl ticanrotpi onwgp Kl s e r

studi esiSwern et pquihmped nwirtamo lae
hydr i dFes (aShcshterneec tQioard iolspy) e B¢ C wi t h

catiomhoascenter

a S

a stronglycyalmed Lewi

rat h®trartthiamg sfirloyrh i aa nd remtacsn at e ¢

we wetadl e to generate different substituent pa
el imination r eactn oensswywthd it hi re nathbd msseal ecti vity d
solvent (Bckhkemeell® bott om)
Bu Bu
tBu (Bu @}P/
\_/
®P N
(" s® < Fa
. B(CgFs)3 Si
B ““SII\H toluene SN
Y B -80 °C - RT PR "tBu
[HB(CgFs)3l
er. =98:2 98:2>er. 2973
tBu@\P/tBu tBu\ /tBu tBu\ /lBu
< e OP. ._H %P\
R — . — /
/Sl\ CH2C|2 /SII\H CH;CI2/E120 /SI\
Bu H RT h RT tBu Ph
~CeH
[B(C&Fs)] % [B(CeFs)d] "2 [B(CoFs)a]
Protodesilylation Dehydrogenation

Scheme 1. Previously reported access toward four-membered heterocycles by our group.’® Top: Stereospecific ring
formation. Bottom: Solvent-dependent chemoselectivity switching starting from a protonated hydrosilane

Continuing our resear ecbhasoend nhaeitne rgorcoyuepl ired resyesntte ms
set out to systemheticactliyralnvepsopgrrtiees (angul al
effectdedheardectroni cmembteureed dfet €éooacycl ic CPCh ¢
Phosphine cHiahcdgeoemiade zed hydrosil anes -were syt
closing reactions studied. TheCef€Crct Of 8BheSeh
unit and the influence of the tsabousttryidtt,hegnnt s almaund
2, 4,r6i met hoxyphenyl) on the strength of the int
center -mecmbfeoed cycles were elucidated. Struct u
guantum chemical data were evaluatvedpimctdeteaiolf i

keyarameters athabébcti n@hsSohditi
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3. Results and Discussion

Synthetic Approach, Mol ecul ar St rWec tsutraerst, e da nodu
investigations with the synthesis of 3ibhe sil
(SchemeThe phospBaméwesrud fsiydnetshesi zed according
reported pbryceidueet reaction of t hleo rZwirtrlre s pon
Li g SBw)in good yields of 85% and 77 %, respect
oxisaend the 6a&n eal derymathievte ¢ r out ei rwatseretinipl oy
butylchl @ly oswakskameacted witli cGHBadhfpw| pbowedr &g
oxidation of the phosphorus(lIl1l) internediate
or ugriaeaygleni umcompafihalrhdke t wo products were obt
B5: 26%) a6:d 7glovw)d y(i el ds over two steps.

tBu ®, B
=
Li Bu @, Bu
THF, RT, 1d P<
Sig
R71H
R
cl 3: R =1Bu, 85%
i _ 4:R=TMP, 77%
_Siy 1) Bu__ ,tBu
R'|¥H rp
1: R=1Bu Li ®.@
ZR=TMP THF, RT, 1d tBu‘P(t ‘o
2) O, or Se (gray) Sir
toluene, RT, 3d R'II?\H
MeO
5:R=tBu,Ch=0,
- 26% (2 steps)
P = §QOM9 6:R = fBu, Ch = Se,
71% (2 steps)
MeO
Scheme 2: Synthesis of silyl phosphine chalcogenides 3i 6
The phosphine 3Ihad cotgaInliidezeesd in the monoclinioc
gr owp:& (35 aP2dn(6) (Figures 1 and 2). AlIl icompoun
CiSi aoglueetdhédyhigh steric demand of the substi
t he phosphor ust edstid m.ls)uBdistyifuetc® @&h =3 (@h, = S) ,
an®d (Ch = Se)trdfendowf asl|lighGfy amghessiidig@lP02
123.19(7)A < 124.3(1)A] in the samenddesecandn
t hdCl®P bond I engtiPs iIndLea@8§8)O9BP50(BYe j2.<11P64(7)
il - The -tbriisnie2t, Mg 6y p A esmylw)ssitl e eiCixil | es gl eP wi t |

118.90(9)A due to the lower steric demand of t
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Figure 1: Molecular structures of phosphine chalcogenides 3 and 4 in the crystal (displacement ellipsoids set at the 50 %
probability level). Selected bond lengths (&) and angles (°) of 3 (123.0(1) K): P(2)i S(2) 1.9650(5), P(2)i C(26) 1.824(1), Si(2)i
C(26) 1.906(1), P(2)i C(26)i Si(2) 123.19(7), C(26)i P(2)i S(2) 114.34(5). 4 (122.9(1) K): S(1)i P(1) 1.9699(6), P(1)i C(1)
1.8179(6), Si(1)i C(1) 1.8991(6), P(L)i C(1)i Si(1) 118.90(9), C(1)i P(1)i S(1) 113.51(6).

Figure 2: Molecular structures of phosphine chalcogenides 5 and 6 in the crystal (displacement ellipsoids set at the 50 %
probability level). Selected bond lengths (&) and angles (°) of 5 (123.0(1) K): P(1)i O(1) 1.4958(8), P(1)i C(1) 1.814(1), Si(1)i
C(1) 1.893(1), OQ)i P(1)i C(2) 114.09(5), P(1)i C(1)i Si(1) 121.02(6). 6 (123.0(1) K): P(1)i Se(1) 2.1164(7), P(1)i C(1)
1.822(2), Si(L)i C(1) 1.905(2), P(1)i C(1)i Si(1) 124.3(2), C(1)i P(L)i Se(1) 114.45(8).
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Phosphine3d arud f 6 d tbeweirdee easil y c o ncvoerrrteesdp oinmti o g
heterophobsphohhmyidurnrobor at e7] H8drsi] ppanidd] H BefFsiz] b y
hydri de awistthr atcrtiiso(npentafl uoropheayl Ybdapsaeek
0 FHsCn pemptrodaljchiBsfFsizlanl HBeFsslwer e direcihy obt é
rystalline form iann dg o9o3d¥eysipeelcosiiveefl y@tv &wor t hy
ormation of the cyalhi@tr pmos p bsori e & @mtmipfausdd s

: respect | W8] BE(F:lusmamaghydr i dree aagwsatdr aucntsiuncgc e s s f u
l montrast, t he 12e &tgnbii ment fod »s v finlee noylwip@dt widt h

[ BRB] EfFs)s) r esul t ed i n al starmnachyg éome daanidse t o t he |
9 BE(F4( Scheme ABY hbhigbe cheemahieon of Bhe alsobic
possible wheFgs, ushegi BobLCati on9[ofBsfFtiche t pumnmedpoodu
be much more difficult.

t
c
f
6

Bu @, Bu 1.0 equiv. Bu @, tBu
rP\ © B(CeFs)3 P\
—_—
Si pentane < 7
tBu” | "H Si
o RT, 7d B0 MBu
[HB(CeFs)a]”
3:Ch=S 7[HB(C¢Fs)sl: Ch = S, 7%
6: Ch = Se 8[HB(CgxF5)3]: Ch = Se, 93%
Bu @, Bu 1.0 equiv. tBu @, tBu
rP\ ©  [PhsCIIB(CoFs)d] <P\
SI CH2C|2 -/
P Si
T™™P” | H RT, 30 min 7
T™P ™P “TMP
[B(CsFs5)al”
4 9[B(CeFs)l: 65%

Scheme 3: Synthesis of heterocyclic phosphonium chalcogenide cations 71 9. TMP = 2,4,6-trimethoxyphenyl

Comar ed door rtehsephoyndri ngB [li(d%Hie)s .=7 @ppMAUSi )ide. 1

ppmi haSiINMR signal s -off akihlei zseudl fsuirl i con atoms ar
downf i @43dl .p4om [ AHrBsFsE] anw=712 .p% m o9 B {FG4] with a
chemical shiguESidiiiz8evepp®7 .p6n dp p m, respectivel)
However, the clearly highfiel?Bi s NMRt eshifganlad sl |
c omp o drachd[ B {F£4] nicely reflect the influence of
in cont rteedstd ttyd .fG@&UVipsNMR chemical shift is ofte

of the silylium chat‘doweveonf @heithemincalensei f
di fferent contributions, with the?8ingu¥ieesal
At |l east for related syst drhe Idiokvapfiti@ed)de safti dtdh e
25iINMR signal upon hydride abstraction and rin
estimate for the electronic stabilization of t
chal cogenide functionality. Ac c erednibregdent; | ifcor 1
cations, the phosphine selenide function appea
of silloicadamd orbitaltsypwaaSeabamd attlran t he phosp
functi on, as sumgaylelsaredd dwndflidBel ¥ shil7ft 3oppm be
compoubqisi ) = 8. 18 pMBeEP:] wIBd=)25. 4 ppm] compared
sulbaased compounds. This correlates with the

el ectronegativity of the seleni un®D aftuonnt.t i Gonn steoq

31



the |l east effective Lewis base of the phosphine
center via coval ent yp@&nitOrh dorud i (osnese odl schedi scussi
calculations bel ow).

Tablel:Chemi cal shi #Siad*PtlMRsgnap pm) of

Compound U(®si) ucP)
3 7.7 774
7[HB(CeFs)3] 314 88.7
6 8.1 73.8
8[HB(CsFs)3] 254 75.8
4 140.1 78.1
9[B(CeFs)4l 1125 88.6
5 9.1 58.9
10 32.0 96.6
Surprisingly, neither t he rewic tBh( ¢€g); nofr twheé hphos

[ RG] B¢Fs]r esul ted in hydride abstraction and cat.i
t o AS. As anotthoerprsotvriadtecgynteaionygg@nhet erocycl e, w
a metwhidch was recently repfoornt etdhédyg Prearkantainon ed f
type phospédti aki loixie@ée sbhdl weimbaesmretderom a reactio
hydrosilane with two ?tHawewazlesnd st hifs bappri ;maec h
unsuccessful flostwadobyatemd the hydrogen br omi
brominat ed ilmMt e(rSwehdeinaet e4 )(

Bu @, tBu Bu @, Bu
r"\ ©  20equiv. Bry r"\ —H
—_—
Si. CH,CI Si Br-
Bu” | H RT 1 d Bu” | “Br
tBu tBu
5 10

Scheme 4: Ring closure attempt using bromine

Il on [FlaH Be&k], 8] HBefsls] , H MBdFgscrystallized in the mono
system, the former ®tanada ttihe Isptatcer gM2mnuiphe s pa-
(FigureRay) .diXfraction anal ysis gawe ruatsugal i
parameters. Tshe umdlueewsl aorf t he heterocyclic cati
show a decr @CGiSie boantdhen®le in the ®&)> Qdti5qmB)Ae >
(7)4895. 39 hAd (hence an increasing devailatanogl ef r om

around the carilChimomad olmengdghles Pi n7[tRse @Qy ONi2¢ 7¢ati o
[ PSe: 2.22779q[6Pp: iR,088¢1) (] differ only slightdl

s in the S{&F:tiln.g9 ecHOMMPSDRDU njds, 5 16 444d4Hd
S: 1.9699(6) @ahd(B)gures 1, 2,
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Figure 3: Molecular structures of cations 7, 8, and 9 in the crystal (displacement ellipsoids set at the 50 % probability level).
Counteranions are omitted for clarity. Selected bond lengths (&) and angles (°) of 7 (122.9(1) K): Si(1)i S(1) 2.285(7), P(L)i
S(1) 2.012(7), P(L)i C(1) 1.840(8), Si(1)i C(1) 1.954(8), P(L)i S(1)i Si(1) 80.6(4), P(1)i C(L)i Si(1) 94.5(3). 8 (123.0(1) K):
Si(1)i Se(1) 2.3567(6), P(1)i Se(1) 2.2277(6), P(L)i C(1) 1.834(2), Si(1)i C(1) 1.915(2), P(L)i Se(L)i Si(1) 77.55(2), P(L)i C(L)i
Si(1) 100.0(1). 9 (123.15 K): Si(1)i S(1) 2.205(1), P(1)i S(1) 2.052(1), P(1)i S(1)i Si(1) 80.00(4), P(1)i C(1)i Si(1) 95.3(4).

I n a fundamen%PalNMRheionrveetsitciaggat i on by L3¥Ptcher a
NMR chemical shift was found to be predominant
occupation of orbitals | ocated at the phosphor
for tetraval ent phosphorus comp?dTUuma sph dsamhifnoer
chalcogenide moiety correspondGhiibontdhe whi chuir
superi mpose¥ dkiyhyamer conjugative interaction. T
result of t heor &taincda |l e xbporneds saemnda liynsi€éhneo t awii totne r i
Foll owing fromicthlmilx,ogeheisatkraocni on in our Cy
mar gi nal influence on the eleentemied o@cdupatis
case o0fS tbhhoendP and even a negl i giiBd ebdmd;l utemice d
be seen fr o tNMMR <rhelmi cal shifts toward | ower
changing from 77. 4u@Ppmit B8 PP.A7 @apd7 Fr®mppm t o
75.8 @pm)>=R. 0 ®Yn8] (Table 1). Also the TMP sub:
atoms have no dramaPi MRnt haeamnhnqpi@P=abt 6edpm,

Y 9] . I n contrast, tiDe fprmattd mant i(sre eo fScthteaneP 4)
stronger deshielding of the phosphor3iPs NaMRom, wl
downfiel qi@®Phi £t 3df 7 ppm bettWigen 580 Mp pwdnd s

[GCP) 96. 6 pPpm]v.i ous resul t>showedout BRiagtr MR e
spectroscopi c deadti®d® dfunat ppot ocmat be used as a
silyli&t édnkEtion i ncomepnobrearteedd riinn ga. fTohuer obser veq
di fferogiAf)ls i[fn the direction O >> S > Se cCcOrTr e
change in hypredYciosienjcogatri betions (see also dis
calculations belPBPwNMRBapedtoastbapic findings,
that i€Chlebomd in aldhphospdninee functions remain
upon coor dienagiiloincdm denter and t hagnYdiianges i
contributions are |likely responsible f®8r an a
nucleus in our tetraval?éTnhti sp heofsfpehcotr ussh ocuol ndp oi unndd
f or 1tOR% hRan f oSt atnhdee PPo 7*d ¢ n g e Algigcaolu,p Itihneg const a
increase when the phosphine chalcogenide funct
eithefsori nitmtaer mol ecul arly (Table 1). Upon tetr
@fJsip) i s somewhat more po@upurcddYwWHZE haol it h
sel engpfdsm) [= 16% 8Hzand appears to be greater as
bound to the sidpUgedpnvataoms sdbmei mil ar systems
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tBupiS functions, refleBuw)( LhVs HiBut)#PBi 8r eHegd: <Si (

Si ( T-MPL)4. 6 Hz) . For the Zabcol pltieng ad amres tod n ttsh ei n
systems, it should be ti@keonuphiogacaaunl sbhatccutl
ChSi | i'dkhaéSee. NMR spectroscopic parameters are m

ring fornmn&tei NMR Fipect r um-boafs etdh es tsaerltei®si guaave mp ou n d
a doubi38tl. 8t pphpsacnadupal i ng constantl).f "Bier . 6 Hz
NMR signal, althowsespghf tmod edihe ghdi dlhde-badngphatic
substituentldssecampl! itrhgge constant are in the expec-
phosphine 28Ueploennirdiensg. f &kguad iphi ng heonstant drops
more than half to 8aHB#&HIuUue dadcB@ABawdi ¢éld byw a signi
downf i eqtidSesqfi3f8tl. 6 p(pIetio2. 9 ppm. These changes ;
morpr onounced in the systems studied herein than
membered ringstwe hcoorpdiinntg&ei onmi et ythe B silyl il
reported by BéTchkkemadenc ree¢dsagic.onpltiheg constant may
attributed to aniSel dmogat iuopn no fr ithnlge fR r'Bat i on. I T
nucl eus as an NMR pihi®ibei ftoer a chtei adn riercdi cCeht es a |
intramol ecul ar coordination of the omhaemhiemre ¢ ha

Thermochemi stry and StQuuacnttuurma |l ¢ hPernoipcearlttitliegsl.c ul at i
MO62X/1a+G(d, p) | é>ad Il owkbsd haotvural thesihghhei noo
experimentally inacces$}ki bhecormpgensanalvbghet be
7) and s&8l espeami €ds of the chalcogenide series.
ener@3 ((fequired to breakiSitheoomdimatd waluilvdt h iCr
cat iladnGh O)( Ch )S &nG@h eSSt o form the open, trigonal
i ofh%,7-0,an8o0( Fi guThedcsdh be r eggooddedsase of the stre
of itmter amol ecul ar coordination in the correspond
of both structural and electronic cemhobwiebu@i ons.
cl earasecirre the stabi-dpeaemitn @ nefreedrd@ig)dhi(mk aagge of t |
akltlebuatsyulbst icycd @a@di ons i @iSt hd¢ k&ad &y mekIS i (+34. 2
kcal ™ H@séSi ( kXAl molThis order of stability is o
also fouidd bomd€hi n c'PaHocro ntihuew Giddnist.ut ed cycl i c
9, an energy of Ohby +Bheée. 5pkicd h qarevedgset cheel cSul at ed,
sinceorotimeot hoxy group of a TMP ring weakly stabi
resulting i speaaoi9@x ovwiitubm a di sptyorratneidd dtlrr a tgooanmad
around the silicon atom (Figure 4).
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Figure 4: Gi bbs e n[kcal gnolid]sfor theqpigropening as a measure of the stabilization provided by the
intramolecular coordination of the phosphine chalcogenide function to the silylium center, calculated on the M062X/6-
311+G(d,p) level of theory.® TMP = 2,4,6-trimethoxyphenyl.

All cypckicof t hell7hr apfdocramt iaonmmsear |l y perfect pl s
the two paitrebdtoyl bgd&dkypshomnuds handheislpi con ato
unf avor abl ar reamlgiemieingtur Wi t5h) ercd s pt o t he corres|
hydsrioo anesCh tbhbeedPgt hs decrease only slightly by
all thceceeci BYVd41( 0. 13¥ 7 ;0.i®¥B 8 0.i)The angl e

arourhde heterocyclbecstaobgmdgantomon t o d¢ithal Poge
Chf unction (Table 2). The (1clalecxuhiakt nebds POEXyégen an

bond @fglBéadded sbhyoPitDh ¢ 1 .6 18ri8i( O. 7)73bond | engt h:
which is faRiCiBaywghaest néds ulhead ycebamsiedmcrati ons
(96. 68)180d1A), and even below an orthogonal g
the cal ¢otbane&dl ©ngtlho fi nljcilast 3acpmpr oxiismmhboet gr Ot han
theSOi stancet i®@eumal eaul arrz wsttrt o timemebeorffeaau CP OS i
het er ovd t dhl eac pemdianat e rsiploirdadcerd atyblMMieszebtetucdlur
properties cause a substantiat elsateyli cgmreypmud sorm
phosphor us aatnodmss iilti Jccoonhieoe by tweak exriirmgnoil ecul ar
acceptor . nTlirsacrmanppndret eamt trhea ea@rsifeor opRkini ng o
bondompared iSdand éSidsosdvi t hin -imbmbefrGRBIhSi

heteys(eee FilnlriekRIQitSieen gl eRiChiSingl e i ncreases |
opposite ShkiBdWi bh é&ngles far bel ow 7970.A2 Ayi tahnidn
sulfased cations (80.4A) and an angle of 99.5A

35



FCK
A

Figure 5: Optimized structures of the phosphine chalcogenide-functionalized hydrosilanes and the cyclic all-tert-butyl cations.
MO062X/6-311+G(d,p).2

Table 2: Structural properties of the phosphine chalcogenide-functionalized hydrosilanes and cyclic cations?

Compound PiCh bond Chi Si bond Pi Ci Siangle [] Pi Chi Siangle []

length [A] length [A]
5(Ch=0) 1504 1251
11(Ch=0) 1618 1.773 86.4 99.5
13(Ch=0) 1616 1.751 85.1 97.5
3(Ch=5) 1.981 123.0
7(Ch=5S) 2.087 2.262 96.6 80.4
14(Ch=9) 2.089 2.227 94.8 79.1
6(Ch=Se) 2138 123.9
8(Ch=Se) 2.239 2.396 100.1 77.2
15(Ch=Se) 2.237 2.363 97.6 75.4

2[M062X/6-311+G(d,p)]. 23
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This can in fact result in a qui tge vieal anrhcaetd trh
secornodw el ement s ( c atrebnodn taon dh aovxey gaenng)l es as cl os
tetrahedr alt haen ghleea, v iwehri |leel esneel netnpirugnd)e g f es ahdser
90Ahis means that, flIlt hexamphbgestiainataased b\
smaRiCiSiangl e iyc opuanrtteirablaly aa cleid@iji@mgWe . t her ef or e
hypot hesihze dtteratc tr epul si -6 ndtbedrniweyd n rgirigpéutpssp & c e
t he nmaieason f et abthed@rgSndpef aMlebuatsyulbsti tuted
f oomembered cyclic TOPWLHtSh erctatiigomissy.pot hesi s, we |
t hteebdt yl am otulpes s ifloirc oome tahtyolm gl @au psl @M nd alggu
ener gy ( Flihgswrcec e@®xicsha nig letewtfeb ut yl kpy ouwse met hyl
groums t he-baxyglercatli bn a remar kabl(er topeenenge i
energy) orhembheer efdoucycl i ¢ catmainfsolrft room 442 B. 6k ckad
mo'tf ol2t o +47 mé'ttkargivhi chemew sur pass dashmtel daty |
substisul-btmdl s eitbearsiewdm ch4Yilodo:s H4 4 .nbo'hKsY L 5o:
+43.5mélpal This | eads to aneiprenaretngd sd(lSdei d® d e/ n i
S< O) iaammddked confirms an intrinsieanaltdti Baternonge
silicon and oxygen. I ncidentally, -mbebetedct ul
cor e do not di ffer sti egoniit fyil c adhea rl iyv aftriovme st Helfa bl
di spropodwyt il satregteiec ghbeeptuweseéem nbul ky groups on the
silicon aCP@MmSi oliettteneeosgdl| by PitOlaen @6Shloantd |,engt hs
can significangt gamemnenteartacstt afii diinttye roafc ttihoen Cc o
to tilbe & ni®i Senteractions. This stability tre
phosphine chabhbogygemiedesi |l yltiwpe chean ckittsg i mo de sn.c

Bu_,
u\‘!l/{Eu (=]
P Bu g | tBu -
< o —= _ CP{__sipiBu _P__siyMe
si tBu Me tBu Me
12-0 13-0
R R? (+41.8) (+47.6)

12:R'=Me, R? = tBu
4 13:R'=Me, RZ=Me
(0}

!Bu\g/ tBu ~
Bu, & Bu, s Se g
> S \ﬁ;:v,& wMe \i-ji/s'l .uMe
-~ -~
/SI tBu e Bu Me

N 14-0 15-0

Me  Me (+44.9) (+43.5)

14 Ch=5

15: Ch = Se
Q)

Figure6:Gi b bs e n® [kcg ima %$for theging-opening to estimate the effect of steric repulsion on the strength of the
intramolecular coordination within the four-membered cyclic CPChSi cations. M062X/6-311+G(d,p).=

NBO Cal cullablen8 summarizes the results of t h
anal?péesf omomed he MNO62)G)&e pel o’ altlhoewoirnyg f or

investigation of inductive and hyperféwonjhigat i
the heterochsl accompaoninson of theb1LHGhee Opairs

37 (Ch= S) ,6/8dhh&¢ Se) shows, the natur al atomic cl
ato@) (do notsigmadgeantly upon iftrronam@l eaulTabl e
The same appbndsibaoi tekpy(vawuesi i Tabl boBY, wi
being in general muigolr Mo M4 & 31 6 nb6#AS( 5t3Wdn: t he |
0.028/0.118¢ BondsRBRse(=6/®B.:064/TCh.ik3 79 orrespends t
el ectrovalent donexpgessedaitnonheiC&mmiGht esr i,ni c
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S, Sei)n qualitative-iangorleeecmelnets wiAlhM)a tdotonsétise s on P
and shbws the inductive chdadChyd odidstirsi mwtliyo maalgon
affected t hBbught @hacg@Gbaoaerr a3i, btohnedsChof t he cycl.i
are for all chal cogen &Cho nbso nndosr,e apso liasr etvhiadne ntth ef
ionicities (rows 1 and 2 in Table 3), and which
t heiSOh bondi onsrwath nucl eopbaveéic rleageagati He ¢
the <chalco@®sn daetcornrea(ses noticeably for sul fur

formati on, but remains al most <constant for oxyg
significant charge transfer from 4 ochdledogenptlyon
p-or bit al tnbY opslig ht emacti on only occurs with the
selenide functions and increasXisbdrmdke icrodadteindn st
(Ch = 8)Cln=l Se), in accordance with the higher
and selenium atoms. This can al sohbdeascsten at th

naturalhohydomitdhd oxygen at oindic dmtnrdi b(udtOi. n3gfo)t oc otmpe
t o tchhearsachtaenkbsgpfarti ci patSing( 2i2n. 5t¥#pée aBnodn dSse ( 1 9. 8 %)
(rowm 6aible 3). The high®ir ii mtrdirca adalitsuor er eof fl etchtee dO

far greater ioniSci bwo~dald.ue8 b)f arhdke tohe higher pos
the sili@en2atl®@®) @ iIcro mpatrie@eit o1l. 8989 PRsimanld. 84 3)

(rows 2 and 5 in Table 3). These findings are i
theoretical studiifs bontdbhei nadbuper @¢t€®® in ring s

Table 3: Results of the natural bond orbital (NBO) calculations regarding bond polarity parameters, hybridization, and
hyperconjugative properties of the phosphine chalcogenide-functionalized hydrosilanes and cyclic cations®

Property 5(Ch=0) 11(Ch=0) 3(Ch=S) 7(Ch=S) 6(Ch=Se) 8(Ch=Se)
ipch” 0.493 0.564 0.028 0.118 0.064 0.037

ichs 0.781 0.518 0.458

QF° 2.063 1.988 1477 1.530 1.405 1.473

Qcr® 11.148 11.169 10.633 10.401 10.564 10.263

Qs 1.602 2.193 1.611 1.899 1.610 1.843

hen (% s)¢ sp**8 (40.3) sp3# (22.5) sp*® (19.8)
hsi (% s)¢ sp*47 (17.8) sp°® (16.4) sp>’ (16.1)
E@ (ncn Y U%ic)® 174.0 120.27 164.34 119.42 156.67 116.44

JMO062X/6-311+G(d,p)].2* PBond ionicities (irch, ichs)) of the Pi Ch and Chii Si bonds (ias = |ca? T ce?| with ca and cs being NBO
polarization coefficients). “Natural atomic charges (Qe, Qcn, Qs) at atoms P, Ch, and Si . “Natural hybrid types (hch, hs) and their
% s-character at atoms Ch and Si in the Chii Si bond. ®Hyperconjugative stabilization energy estimates (E® in kcal mol ) from the
second order perturbation theory analysis for the ncn Y & # c interactions.

I n addietcicemdder perturbation theorfyorahtabeg so$ gav
ncnY Gdic hyperconjugative s(Edwiploinmd triaacno Casielr gy
coordi pmowo® in TablgE(38)is Tdr esatleossts higiSQQ he case
coordiwiabBon3 kgalfi7mdm 0 kdah mpdr5asiclDa’& kcal
mo'tin cafiamd decreasesqEi?A #4Hhe92eékcabB@dd

40.23 k®al Timok rat her t hanChlrbdouncdt icvoen terfifbeuctti so nfsr c
be an explanation for the®*PbSMRvepe diemhstadeuy ng
direction OP>MMB datSa {or the oxygen anial ogue r ¢
O function b0 ¢esmpodable 1 anrf® NMBRcobemboabf shhi
above).

ReactiFvinayly, we set out to inves-faingatedemnhamLew
cont acd ati iM@nsadwd t h reference to the Lewis acidity
NMR spectroscopic par ametperffsd wdr o bheerp# @mMiYetrraicltei o(n
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While no interacti ormpFBNt wasn otblse& FovathiRo mpa&imdr um
when WsB§G)] , treat ment 7[oH Befsihl @ n 8 oHBsFeIAW ir tsh o n e

equi val@emBN oeach resulted i n a reaction (Sch
spectroscopic analysi s, the reaction products
hydrosil yl héaendl 7nirtersipleecst i vel yini tamidl d1h8dhdwdta n e
were formed in an approximate 1:1 ratio with
mat er i al/] HBf:s8] b 8[r HBef:L]) | B(fels)scat al yzed reducti ve
of nitriles to affamdleinmitnegeanti ami3Bheasvaer o mat |
been reportedotpatkelvy mmetslbeer €eidx cyc-basedi takaaops

combination with hydrwhbharhatventcbynsgnit br’s’i zed i
did nothydcdroovsial yl at ipgFrBNr,edict abinngvi a hhi gher Lewi
fomembered cyclic cationprandomséempy esd prpoadfb u s tnmge
t he si-Haoxeahesy’'st ems

Bu @, tBu 1.0 equiv. tBU\E?/tB“
PQ p-FBN o © ® O/ 6Fs 7[HB(CeFs)s]
< 4 CH,CI 05 i + 05 F CEN—B—Cefs + 05 or
Si 2%12 7N 8[HB(CgF
tB H CeF [HB(CgF5)sl
By MBu RT, 2 h u ItBu N 6F 5 5
[HB(CeF5)al”
F
7[HB(CeFs)sl: Ch = S 16:Ch=S 18
8[HB(Cg4F5)3]: Ch = Se 17: Ch = Se

Scheme 5: Hydrosilylation of para-fluorobenzonitrile (p-FBN) by ion pairs 7[HB(CsFs)z] and 8[HB(CsFs)3]

3. €oncl usi ons

Fowrhospbhakcodamicdeé onal i ze2i6)hy(ddhosI |@,neS, (Se)
tebut yl amr i lmpgd hokypMRENBUDbsti tuents bound to t|
synthesized and chamrayctralyi 2¢tdr ubcyt usrie@gd egt etrime n a
sul fur and seleniunfidased!| dy dbki @ it iaohsgi endhs r(eact i
with Bi{é€Epheéaccess to al79 thbhk@]eB(ER|t(iacrcess onl y
cati9%n and t heir mol ecul ar sXmay t crregsst.alnlvegrt
Ther mochemi catlhestaoydimg agapni e utynd metulbwlt i tut ed
heterocyclic CPChSi cations demonstratteaedr tt hat
butyl groups on the silicon and phospbhaosreuds at o
cation in suchiiCabowady wahsatf otuhned S o bamdrhe tehhes i e
altlebutpyalt t ernedl17% ata8nanHso we v er , in the absence o
repul sion the stabilitSy ofnteha@actnbonamoldeed! are
chalcogenide at ont (heASeMd & htoeuagvhi d@i8i s aadd le P

be well bal anci@ilibyangllearigiert hR cyclic product,
may potentialafy eatdveéheelayct i vaitCG-aosnsi Barmdi elry do fi
abstraction, thereby compl-baséednglddRocdMKR t o |
spectroscopy shows a small (Ch = 58) ofi a neg
interactét®eNMR chemical shifts toward | ower fi
to be greatest in the oX%Pyg\eMR cdaastea, oafs tahses u nseod aht
Sspecil®s Bond pol arity parameters from &ahe NB O
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Zzwi tt édroinadnidce s@iWCHt iodp htohsephi ne chal cogenide grou
al most no changes in the indud®€hiwe nadh aurpgoen dii sntgr |
formation thus assuming tiheY dtaxss abf | ihyptercwnps
measure for the de3PhiNeMRdismpgecttrreand O >t lSe > Se) . |
increasymgY psicharge transfer (i . e. an increasing
ChHSi Dondn the directitome Oc¥clISi < et iwanshiwmas f ou
i mportant r e¥MPstu,b stt hoax ofnce wnmd S heacsi apso it &l u rftohre r

devel opmehtcandnic optinm zadboper atni wreoluyt ewaroki ng
cattbat might act as .a frustrated Lewis pair

40



3. References

(1) a) Veith, M. Unsaturated Mol Adoaglees Chemainimg.
Engl19826 -114; b) Bertrand, EIGctYIohdnbeubBadno sphor us

Heterocycl es: El ectronical |l Aongnews Oli eriled & fotcy cEdb
27-281; c) Sen, S. S. ; Khan, S. ; Roesky, H. W. ; Kr a
Demer &,. ;JLange, A.-C-Ewi tatneR-S8inFaler®ber ed Rings with
Coordinate PhodAmlgemus Chteanth§ 1310nt2-2 F2AI5 ; d) Sen, S. S.

J.; Eckhardtr méir,;, Rleyr bBaedl , E. ; Mat a, R. A.; Roesk
Stabl e Cat jPofriMefenbaer@8li Ring with a Weak|l yA€gewdi nat.i
Chem., 20130 EM2B288; e) Lehmann, M.; Schul zand.; Vil
Di bi smadi azenAnugne wCatGhoenm®2 Q121nt8888l; f) Bisai, M. K.
V. ; Gonnade, R. G. ; Sen, S. S. Reactivitiebd of Sil
Bond Activation to DonQrrg aSnoanbe2tiDa2l4l@idc2seB BBl Cati on.
(2) a) Schumann, H. ; Hart mann, u. ; Dietrich, A.;
Organogal |l i umArCpew.o uGCldesm. , 119887 H&@.D,78Engl). Schumann,
Hart mann, U.; Wassermann, W. ; Dietrich, A.; Gerlitz
Stabilized Or g-gabhl umi malnudmm Derivatives. 6rystal
[ (Di methylamino)methyl]phenyl }di methylgall ioam

[ (Diethyl amino) met hylQhpehne.n yBMIA,MEt2MDYRIO%.ndi um.

(3) a) Spies, P.; Erker, G.; Kehr, G.; Bergander, K
intramol ecul ar heterol ytic -mkimbydreag ene teaeatoicWwectliiacn ph
borane €dHddmct Coxn@n5868D24; b) Stephan, D. W ; Erker,
Pairs:f rMed aHydr ogen Ac®Angetwi o€hank0 IMON 4.6 .Ed .

(4) Oestreich, M.; Her meke, iH .a;nidMdbhorn d Ja c tAi wati if 6 re dc &
by el @detficen entChlror. ate201HRe v22220.

(5) For some seminal contributions in silylium cher
C. L. ; Huf f man, J. C. Crystal Structure of a Silyl
Coordinati o®scieh®89364@nlta917 8; b) Reed, c. A.; Xie, Z
A. Closely Approachiz8f) Stheh &026,2 i4d0R41 o) (Puttwyl er
Douvris, C.; Fackl er, N . L. P.; Tham, FE /ct;i \Raeteidgn |
of Fluorobenzene by Silylium Carboranes: ABgiedvence f
Chem., 20109 Ed5522; d) M¢t her, K.i;c hRre°nhfleilcdh,, R.;; G
Oestreich, M. A UniSqadiTi arsi tSli.0 nAcide t GHaetm]l d 8530 C .
12442444, e) Sch22fer, A.; Rei Cmann, M. ; .S Ah aNfeawr , A
Synthesis of Triarylsilylium Ilons aWMdgéElwei Chaempl i d¢a
Ed201830 12162363 8; f) Mer k, A. ; GroCekappenbeR.g;, H. ;
Lorent, Cc.; Dri ess, M. ; Oestrei-EhectMr on KTraares f edr. e
in Frustrated and Conventional ASigleyw.i uWCrhelna @4 & mas. p lEa
57 152%27 1, g) Wu , Q. ; Il rran, E. ; Mel | er, R. ; Kau
Characterhyzdartasguens o i t ut ed silylium i 8oisedh@pA6h5e conde
16-872; Fehrifrnandes, A. Laye, Cc.; Pramani k, S. ; Pal me
Schmidt mann, M. ; M¢el | er T. ; Robert ;PyFidi hiamwohaias d
Quinolinium Clam.i oGs20n? D420 &5%6742;) Wu , Q. ; Roy, A.; Wan
E. ; Kl ar e, H. F. T.; Oestrei-8thabiM.i Seych t Bidsm(gsiwloy | iau n
Chem., 20299 EUOHL®326.

(6) a) Panisch, R. ; Bodatned, FM:B;orMaglelde rD,i sT.l yHy dCaotgi eonn

Use in CBaR aAcyttiiydcat@m.n.Ch220mMb2Bo®O®HB82; b) Douvris, C.
0. V. Hydrodefl uorination of PCGar rf bl ouroar noea | &ayitl @ h@reotusp. s

20082,1 118890; c) Klare, H. F. T.; Bergander, K. ; Oe
Lowemper at uirAé¢ d®i elReAogewns . .Chem.200QI9n8t . 9-@EW7 9 ; d)
Al'l emann, O.; Duta,wyH.er ,Bad.d;r iRlognea,n aktCaKal ysedgebBbijil ar

Fuel ed -CGrafetdeel Coupling Scfi eRDda®@B3R2abFHEe;s. e) Schul z,

41



Villinger, A. iTamedo Sil yAngeaemw.l oGlse m2\Qel@dratt4diblZEd .i n Cat
4528; f) Gatzenmeier, t.; van Gemmer en, M. ; Xie, Y.;
ac

Lewi s id organod¢Altdédry sriesaaotfi dmkebabchiad shedmnt ed C
9495 2.

(7) a) Dilman, A.i@arbdmfBend SEForLmi ™CarMeoacti ons Medi at
Aci € em. 2Re(qvBO0,3 773732 ; b) Klare, H. F. T.; Oestreich, \Y
Dal ton 2Dr1®8s 99184; <c¢) Shaykhutdinova, P.; Keess, S.;
Chemistry: Novel Approaches and Reaction¥CH,Eds. : Hi
Wei nheim, German¥70208p, Spepegell31J. S. Silywhiomsions:
to usefulNactat. aR@wetd4 -54 e) Wal ker, J. C. L. ; Kl ar e, I
Cationic silicon LBwits RevidGXhemaZat &)y Kl ar e, H. F. T.
L. ; S¢sse, L. ; Keess, S. ; Mgl | er, T. ; Oestreich, M. Si
to PotentCRamal2e2ill?2,1] 55885 .

( 8) a) Rohde, V. H. G. ; Pommer ening, P.; Kl-ar e, H. F
Stabilized Silicon Catio@Grsgaanso med @ilg8 3 AS8iIBABRABat abl)yst s.
Rohde, V. H. G. ; Ml 1 er, M. F. :St@eéstlri gieadh ,SiM.i clomt rCamad
Chiral Bi napht hyl Backbones: Synt hesi s of Thr ee Di f
Enanti os el ieAd tdiew e RRGued a@ noonnge2t0alldbl4di 833 F 3; c¢c) Shaykhut di nc
P. ; Oestreich, M. eiBs aretri Realcd dtoinlsed@ide n@y alnalh eCxhaa | c o n e s
Catalyzed by | ntiSaunmdluec uldeawi sSiHaicrosn @5 g&mdo mat allLleiwd ss

2013%5 22681.

(9) a) Rei Cmann, M. ; Schafer, A. ; Pani sch, R. ; Schm
Silylated Onium |l onsl odr ¢Go5r 2QHpB8MHM52-F4@Ment s.

(10) Kordt s, K¢nzloer, S. ; Rat hj en, S. Sieling,

N. ;
M¢el | er T. Sil vyl Chalconium 1 ons: Synt hesi s, Struct
ReactChemEud 201273 10106GB79.
(11) Ke¢gnzler, S. Rat hj en, S.; Mer k, A.; Schmidt mann,
for I ntramolecularly SthethiElui 26821 1 $URBEONi s Aci ds.
(12) Mer k, A.; B¢éhr mann, L. ; Kordt s, N. ; Gortemaker,
Hal o Stabilizatioeomnmiofyl &t eg-laH@h-tBaEESausb st i tuted Silicon
BoratCheinEur 20227 38%6 3.
(13) a) Devillard, M.; de Bruin, B:-Met®ileg! €1 eaMagk. ;
of Chentur 201123 1363I@B3 2; b) Daj nak, A-Mer Mareonh enN. E. ;
Baceiredo, A. Kat o, T.-BaSsyendt hE k&% @lwifh ¢ Merdb 03 inleynlei um
Behaving as Masked FiOugtnameaialBowic3s8 ®PH2 ;r sc) Kumar, N.
Laye, Cc.; Robert, F:-BiaslealndSa il sy, i u.m Quwinnscl iSyent hesi s, S
Aci dEutry.. J. O2@®@21¥88®1; d) Fernandes, A. J.; Robert,
S.; M¢ller, T. On-Pthea®Oiitgi hnolBilkh®gs¢ Bouhry2l CoDAF N i
154946500; e) Dajnak, A.; ¥zpPMenaeaero6®G, AN.; BecokjrBdp, Sa
Ml | er, T.; MaertensuEfsitddléi bozeednsibgséedm i ons: synt |
applicati onDalnt ocna2Ta2&mssi.ls4d@1 4 .
(14) a) Ducos, P.; Liautard, V.; RoberCheheur .Landai s,
J2013%1 12151737 8; b) Fernandes, A.; Laye, c. ; Pramani k,
Massi p, S. ; Schmidt mann, M. ; Ml | er T.-Py rRiodbiemritym F. ;
and Quinol i ni.umMmCa tCihzedn8043208%742; c¢) K¢nzler, S.; Rathj«
K. ; W¢rdemann, M. S. ; Wer nke, M. ; Thol en, P. ; Girschi

T. ChiralyfahbhstbgenedntNapbé hFiphamegd and Theint Cati ons
Eur 20226 16461449.

42



(15) Fontanaj;laN.a;paEsmpNi.noAsg Sei dl , M. ; Bauer, J. 0.
Pure Heteroc@hkilrial SRHdasxmmoni um Cations and the Mat
Di hydrogenCHRellEea XOR227 2€469 3.

(16) a) Mel | er J. F. K. ; Neuburger, M. ; Spingler
Phosphonate i n Aintgee wSo ICiheé niS9, @38 t9.2 ;Ed.) Mol i tor, S.;
H. Al kali Met al Carbenoids: A Case ofAnHiegvherCh&tmahi |

I nt .20EldB.S5 7-7726.

(17) Fontana;JaN.ajpaEsmNi.ndAsg Sei dl , M.-t;y pBea ureerg c tJi.viQt.y
a sil-basea@& phoshpyhdorna buonr a tCeh einb.n Coo@in2M8 22447 .

(18) Fink, L. ; Samigullin, K. ; B o\W.a c beunndsr.u;p pAlritge,d E
Phosphanyl met haRi RI€etBu L iiPArH2sPt al St r u:btBu]r eSoadfv eldi [bGH
XRPD and ERTcukZat Anaoasg. 2401@&4,2 QB&mM.

(19) Seyferth, D.; Friedmiigh,athk.d; HEwWea sz d §il caWw.i PBha d t
oBis(vinyl di met hyl s=idH/(IH8Ei KSmpO@EHNGEK X <€HH, NEHs NCH
NSi (3B. Natut 994k 8886 .

(20) Denhof, A.; Ol aru, M.; Lork, E.; Mebs, S.; Chhnh
by Pincer Type Ligands wWEuUh. Adj us$ dRi@Ped dIIe0mr At o ms.
(21) Letcher, J. H.; van WazerpP JMRRCh&#meodbkt Sbaft
Chem. PBhg#64 881259 .

(22) a) Reed, A. E. ; Schl eyer, P. wv. R. Chemical Boi
of l onic Bonding and Nega®Orbet HYy p alc.d nAcni. @ ad hieonm.. oS/cec
199D1,2 14345, b) Chesnut , D. B. An Ab I niti-ion Nucl ea
Mol ecul es Study of the PO.B®&md iChlehB®2dplt 0H5@ADOX; de s .
c) Kuival &aBiarhem,ouT.,, JEI; Uuggl a, R. ; Kostiai n¥&m, R. ; S

NMR Chemi cal Shi ft with the Position of BlondAnCr i ti c
Chem. 2%00cD.2,2 88D3J3 4.

(23) Frisch, M. J . Trucks, G. W. ; Schlegel , H. B. ;
Scal mani , G. ; Barone, V. ; MennucciH, ; BCar Peatoss n
Hr atchi an, H. P.; |l zmayl ov, A. F.; Bl oi no, J . ; Zher
Toyot a, K. ; Fukuda, R. ; Hasegawa, J. |l shi da, M. ;
Vreven, T.,; Mont;goPeerayl,talr.J. JE. ;A Ogliaro, F.; Bearp
Kudi n, Kr oWer owt V. N. ; Keith, T. ; Kobayashi, R. ; N
A. ; Burant, J. cC.; Il yengar, S. S. Tomasi , J . Coss
E. ; Cross, J . B. ; Bakken, V. Adtarnaot, mah.n;, JRa.r aEmi;l |Yoa,:
Austin, A. J . ; Cammi , R. ; Pomel I i, Cc.; Ochterski, J
G.; Voth, G. A.; Salvador, P.; Dannenberg, J. J.,; D¢
J. B.; Orosilzowslki V.HEaCsBo.anRdDWI diGamu sE.i Gh;, Il nc.: Wall
CT, USA, 2013.

(24) Kinder, T. A.; Pior, R. ; BlGa me yWH rt,z €S .,; NNe uWna nAr
Ger mani um/ Phosphorus Frustrated Lewis Pair and Its
Silicon Ahahbugruzlld®5 58599 3.

(25) Wei nhol d, W¥Walenayndasd Bond®ing: A Natwoaept orBond
PerspectCiavwmdr i dge University Press: Cambri dge, u. K.,

(26) a) Weinhol d, F.; WesitOxyRenT@®nddad me2e0all@i0i ¢ e Si
58158 2 4 ; b) Weinhol d, F.; We st , R. Hyperconjugative
and Ethers: The Natlur &dmof Cthieenl BIT0O 6BHGBI7.; c) Bauvuer,
Influence of Ami no Functions on t he Coordination
Or ganome2tO0a2flli c382217 .

43



(23a) Kutzelnigg, W Chemical BondAngewn @hgmeyr Main [

Engll9823 227925 ; b) Leusser, D. ; Henn, J.; Kocher, N. ;

S*IN: An Experi ment al and Theodet iAom| ChlRr&OdgdSsdRensi ty

17811793; c¢) SchmBkel, M. S.; Cenedese, S.,;-SOvergaard,
Gatti, C.; Stal ke, D.; Il ver sen, B. B. Testing the Cor
ofSKKB.l norg. 2CHh8mM. 886G1Z6.

(28) Kocher, N. ; Henn, J.; Gostevskii, BILE, (Keo s=t , D. ;
N, o, F) Bonding in a Hexacoordinated Silicon Compl

Theoretical Char ge [Rams iCthe0PH 25Di6ehs5.8 8 .

(29) Gandhamsetty, N. ; Jeong, J.; CRamnkyzed,; SiPlaylkat i
Reduction of Nitriles in AcckssOmg.2PClddhma.7y¥ 28mMi.nes and

(30) Peng, Y. ; GRe)sfl artea lcyhz e dM. ReBIUCt i ve Denitrogenati
Der i vaQrigv.e 8l0e2t2t4. 22494d@ 3.

44



3. 6ynthesis and Characterizations

3.6GEner al remar ks

Al l experiments were performedifiinedanniitnreorgte nat
standard Schlenk techniqgues or oxn MNBraswwalbmri Iw
heated At pa®r to use. Dichloromethane (DCM),
(THF), and toluene were dried and degassed wit
systeButyl lithium (2.5 M or 1.6 M shbatt yti obhi om
(1.6 M solution i n pteedstda nyd ,c hMeorrcoks i K Ganfe) A 9d7i%, N
tebut yhynephosphine (9 7t%,i oveelrbcekn eK a929) %, Mer ck KG
trimethoxyb®BnzMaeck ©&868aAu) fur (99 %, Mer ck KGadA
received without f utretbhidry | puosphamyi2odetr H(yDil i t
butyl methyl phos3®ht nesn(t afil todep*heanyd ) barraney,l i u
tetrakis(pent afilwereoepbgnyhebozatde according t o
procedudde £DCiCand -di,2hl or obei€sHegELRNe Usled f or NMI
spectryosweap dried over 3 j mol ecul ar si-eves al
pumphaw procedure. NMR spectra were either recc
MHz) , a Bruker Avance 400 (400.13 MHz) or on a
at 25 ACcaCh®arnd trsegortedilhipdh {(aahtd# NMR
spectra are referencedg i Opdmlames hgksetaalk ¢t
with the deuterium signal of the solvent servi
signal as an addBiH)} b} 3Pde} &' h c e?Brt} NMR
spectra are r#£IEetr eQdcCI® 5:P@H BSFe,Meands, Sr depecti vel
For the assignment dfoltlevi mygl taibplriecoviitaitd so,n st haa e
bs = broaddeoiubgleet , td==triplet, bg = broad qua
mul tiplets of order higher than one are descr
fi-oster t yrpees.olHitghon mass spectrometry was <catr
GCX anAgialn@@imbF @540 UHD spectrometer. EIl ement al
on a Vario MICRO cube apparatus.
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3.6S%nthesis of compound 2

OMe
) ) MeO
1) 1.0 equiv. nBuLi
MeO OMe . Ol
2) 0.5 equiv. HSICl; y-Si OMe
:
THF MeO OMe
OMe -80°C — RT
24 h
OMe
2
nButyllithium (4.0 mL of a 2.5 M solution in hex:
to a soluttiramedfhok,yb,eshzene (1.68 g, 10 Tmmol , 1. (
8 0AC. The reaction mixture was stirred in the co
room temperature. Then, ianl|l vaollmd i 1 €sulwteirreg ryarc

powdwars washed once with 50nmiacfulpbe xamlee apadwder ¢
di ssolved in 100 mIBOAKE dand cho olr®B.i0 ammol(,0. 0%
equiv.) was added to this solution and the mixt
Then, all vol atiinl evsaciiudbee resmdvv €éadhg soli d was suspy
filtered-Fusitnguia hPEAdAkd Cel atiel es ofi hheaéuobtrat
and the resulpuamigyidndgee r oht (dA 085Q2i 1151 achvCeonn
temper,atlui3ehhod ). CEwpesupbbtained as a colorless o
mmo | 6 0 %) .

'H NMRAOO. 13cDMHZ2,9 86 K§s7, (1H),, S6i. 02 HieBa, HEIBC
C(O CHS)p a] as 3 o 32 2@'0"3)0 Ct]h ¢}

1CTH} NMROO. 6 1:DMHZ2,9 8Q@ K6 s T(O[MHs)or Jho 1 Gs4C(AMHs)pal,a
103. Ziphss, 90CH8e){, s ,ps5C(ALH3)0r tJho 5[8 COCH3)pal.a

2% i1} NMRO. 49 MHz2 9 &i216). sOSH) .
HR( BMS)Cal cnd Z o n#.&1 Sif M] 398.0946. Found: 398.0934.
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Figure S1: *H NMR (400.13 MHz, CsDs, 298 K) of compound 2. TMP = 2,4,6-trimethoxyphenyl.
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Figure S2: 3C{*H} NMR (100.61 MHz, CsDs, 298 K) of compound 2.
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Figure S3: 2Si{'H} NMR (79.49 MHz, CsDs, 298 K) of compound 2.

3.6S¥yynthesis of compound 3

1) 1.0 equiv. nBuLi

© o
S i i S” H
tBu\,'g@ 2) 1.0 equiv. (tBu)zHS|CI> tBu\'ID@ s'i’tBu
~N VAR N
B THF tBu tBu
-80°C —» RT
24 h 3

nButyl IbB.thumLéM sol uti on8.i 24 hmxalne )1l wahsegdiowl y
added to adisebwttylometofHyl phosph7.n49 smmid.lild ee q(uli.v4 9
in 15 mL pentTare ra@tac0i d€C. mi xture was allowed t
temperature. Then, t hefaislotlrvaetnito rwaasn o etnmhoev erde mai ni
driiend vaclUlme wawdeai ssol ved ioo@l0daAtCd Hheaind di
tebutyl chl or os7.l4a2n emnibll.03 qg,i v.) was added, t he
warm tompeocmattue e faommd 24 ilmr edhen, al |li nvovlaactuiol es w
the residue suspended Cnybohl BegsanenpbdalypKterad
diffraction analysis wafi2OACht dihestdafrontbempodt
was | svifaitlead at i towi, cevawihteld 5 mL ipne ntaaciigoed mid @r ile
g (6.3 mmol, 85%).
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IH NMRAOO. 13 eDbHZz2 9 &4 K L6,

(1H), Sid.324={14.6 Hz, 18t

PSG (M)}, 1. 2BuwX dL#z4 2HHPS)C 1. 14 C($):}18H, Si |

ICTHHINMR( 100. 61 DMHZ2,9 83 & )dllc{p= 4BzBRSE( B3)3)2}, 30.0
{ s, CCHd} , 28,28 { 1HB P SG(CHg)sl} , 19,38 f 2HD
SIiC( B3)3)2}, 4 .0cipEd3 2. 5CHPS) . Si

2% i14} NMRO. 49 ¢MHz2 9 &7 KJd42Js(p= 8Hz45 C HPS) .
IPIH} NMRG62. 04 DMHZ2,9 80 K)s4, QBRS) .
EiMSCal cdzornHs® SSiM] 3340@Bd 2F7. TiTH" [ M

CHN AnalCylsé¢ & 1 HdrS SC : C,
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Figure S4: *H NMR (400.13 MHz, CsDs, 298 K) of compound 3.
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Figure S5: 3C{"H} NMR (100.61 MHz, CsDs, 298 K) of compound 3.
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Figure S7: 3'P{*H} NMR (162.04 MHz, CsDs, 298 K) of compound 3.
3.6S4nthesis of compound 4

1) 1.0 equiv. nBuLi
C)

S i i S H
tBu\Ilg@ 2) 1.0 equiv. (TMP)ZHS|CI> tBU\I|D@ Sli/TMP
/ ~N / NN
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driied v.acTllbe powder was di ssodoe@ldei®@@A@ a6 oL TH
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Figure S8: *H NMR (400.13 MHz, CsDs, 298 K) of compound 4.
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Figure S9: 3C{*H} NMR (100.61 MHz, CsDs, 298 K) of compound 4.
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Figure S10: 2Si{'H} NMR (79.49 MHz, CsDs, 298 K) of compound 4.
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Figure S11: 3'P{!H} NMR (162.04 MHz, CsDs, 298 K) of compound 4.

3.6SyYynthesis DitoeFb ut yit[elfdi vyl si |l yl ) met h
phosphine

ltBu
1.0 equiv. P Li
H ? Bu” N H
1.Cl tBu | _tBu
& /s|\tB > ; S
u u THF tBu tBu
-80°C - RT
1 24 h

Dit ebutylsihl ame (0.811, @1L.eqa.i 1) mwals di ssol ved i
andcool edig8® &dC.Thena freshly prepar edierstol uti or
butyl phosphany(§émetrg, |14.thi urmmo I2,0 ImLOcTetHuewa.s)

t 080AC and slowly added toot hei-peaewmtivldEdhll or @)psair le:

in TwHfefl on cannul a. Wwhae rad d otwieadn trompxetruarteuat r oo
for 24 HI WVhdmtides nweamaedoéeémevedsi due di ssol ved
resulting suspension -iwvast fwitkeraddedr Gabght aEP3AI

filtrate wemrevaccdwmtvieed resulvtiknmgebdbrlohpudi Btedl ati
90 AC oven tlemdAciatr pDeb ut(ydi¢bat yl si Ipyhlo)dmpede hy | ]
was obt a nceod oarsl ess oil . Yield: 994 mg (3.28 mmo
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3.WHBz2%pn= 1HzZRZ H, HZA)C
1CT{H} NMROO. 6 1:DMHZ,9 8G K Jd4lJcipr= 2 6zB{C( B3)s3)2}, 3{@., 0
ZJcrp: 1 ‘HZBSQ(CHg)ﬂz}, 2{9‘.,4\E'|'p= 2H Z% iC[CH3)3]2} , 2d0,33c'ﬂ>={ 2.
HzSICCH)s)2}, 71 . 1 &= 4 61z 6CHZPI) .
2S5 ilH} NMR9. 49 ¢MHz29 &7 KJ 2J§ip= BHzZESCHP) .
P{H} NMRG6 2. 0 4Ds,MHZ9Q 82CK) 4 (&) . Si CH
HR( BMS)Cal cndZzonrnHs®Si *[ MJO2. 255 3. Found: 302.
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Figure S12: *H NMR spectrum (CsDs, 298 K) of di-tert-butyl[(di-tert-butylsilyl)methylJphosphine.
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Figure S13: C{*H} NMR spectrum (CsDs, 298 K) of di-tert-butyl[(di-tert-butylsilyl)methylJphosphine.
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Figure S14: 3'P{'H} NMR spectrum (CsDs, 298 K) of di-tert-butyl[(di-tert-butyisily)methyl]phosphine.
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Figure S15: 2Sif*H} NMR (CsDs, 298 K) spectrum of di-tert-butyl[(di-tert-butylsilyl)methylJphosphine.
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RT
72 h 5
at(yligbbut yl si Ipyhlo)srpeet hy 4 4 9 mg , 1.48 mmol , 1
olved in 10 mL toluene. Then, a drying tub
um hydroxi de was attached. The tube was

0
red for 72 tWwer &heerimosakdlciMoel ateisluds i ng col o
olved in 3 mL péhaaaA€. afide cbotreyddtaadosl or | «
obwarseui t abl ectfygstraiyhbdt i onYiserdal ysli5d mg (O
, 32%) .

IH NMRAOO. 13 DMHZ2,9 &4 KPrB, (1 H) , S{d 338 = 1320 18H,
POG( Ba)s}, 14{sL4 1SR}, 1. 0Rm(ddlHz680un= 3.0,
S CH;PO) .
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ICEHINMR( 100 . 61 cDMHZ2,9 83 K X®Noip= 6 HZROG( Ea)s)), 29. 4
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p= 4 Hz 1CHZPO) .

2% iy} NMRO. 49 ¢MHz2 9 & Kd 2Jgip= 8HZzBCHPO) .

SPIH} NMRG62. 04 DMHZ2,9 86 &K.)s9, Q(BRO)
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CHN Anal yGalscidH:@®RSi :C C, 64.1; H, 12.3. Found: C,

16

mmmmmmm
ooooooo

4.08

Ty e
| |
' n
T ™
z R
z EEN
T T T T T T T T T T T T T T T T T T T
7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 35 3.0 25 20 15 1.0 0.5

Figure S16: *H NMR spectrum (CsDs, 298 K) of compound 5.
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Figure S17: C{*H} NMR spectrum (CsDs, 298 K) of compound 5.
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Figure S18: 3'P{'H} NMR spectrum (CsDs, 298 K) of compound 5.
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Figure S19: ZSif'H} NMR (CeDs, 298 K) spectrum of compound 5.

3.6S¥nthesis of compound 6

H Se H
tBu | tBu gray Se » Bull@ J.tBu
/P\/ \ /P\/S'\
tBu tBu CH,Cl, tBu tBu
RT
72 h 6
Dit ebut yf ¢b(adtiyl si Il yl ) met hyl ] phosphine (680 mg , 2

dissolved iat 5r mbomDIC&mheatswdati on Wwa@ AGen coo
Grye selenium (177.50mggukRv2p wael addedowed tbe s
stiroam temperature for 72 h. Then, the solutio
filtrate nrerac@Oet orrylsetegdsl compeuntdabl echrgisital nl e
ray diffraction dnaélyygiexrwet @l bhbezxaatnied 6atA€om 1
Yield: 73mmag, (86 %B.

'H NMRAOO. 13¢DMHZ2,9 8@ KIn6, (1 H) , S1. 3Fn=( dld¥ z Duin
= 2HZA 2HHPS§ C 1d3H= 1Hz9 18BE[( M)}, 1{s14 18H,
SIC[( H3)s)2}.
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SiC( B3)3)}, 3.%cprEd HE , CHFSQ .
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Figure S20: *H NMR spectrum (CsDs, 298 K) of compound 6.
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Figure S21: C{*H} NMR spectrum (CsDs, 298 K) of compound 6.
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Figure S22: 2Si{'H} NMR (CsDs, 298 K) spectrum of compound 6.
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Figure S23: 3'P{'H} NMR spectrum (CeDs, 298 K) of compound 6.
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Figure S24: Se{*H} NMR spectrum (CsDs, 298 K) of compound 6.
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3.6S8nthesis of caeh®)gound 7[ H(B

S@ y 1 v BCAF tBu\g)/tBu
equiv. 6F5)3
Bul® d,-Bu > < Ns  HB(CoFshl
VAR N e
tBu tBu pentane /SI\
RT tBu tBu
7d
3 T[HB(CeF5)s]”

CompoBrfd50 mg, 0. 448 mmadlr(ipeln,tOa fd quwirvw.pphenyl ) bor
mg , 0.448 mmowerd.di ®qaliwed in 3 mL pdmhmttane at
solution was stirred uidhed hal §t sol bds was er dines g e
solutiontalteawed undi sDuurribnegd tfhoirs 7icri ynetoalcsol or | e
compodnHBsFsis]sui t abl ecctf 9gXtr@iyngli dafnrad g¢ytsii sn sl owl y f or
Yi el d:mgl 1(50m38e!l5, 77.1%).

IH NMRIOO. 13cDMHzCHG}, 2981 KYB2Jpu= 12.2 H#HPSIH, SiC
1.06%pfue, 18. 4, 18} ,PO.C( G s Ha)k}8.H, Si[C(C

1C{H} NNROO. 61 DIdHzQ@H,CQI, 298U 4K).:®,fp = 21.2 Hz,
PSG( CHtl2} , 28. 5CHa)sle} , SR @& ={ d2. 3 HZLH)PS[ QB. 7 { s,
SiC{ CHlz} , 81Qr=( ®2,0. 4CHZS) .Si

2% i1} NMRO. 49 D4Mz-QHCh 2983 K)dd2s{p= 10 .3CHPS) .
SPIHINMR( 162 . 04 :DMH,zZH.G3, 29 &8 &)s7, (SRPSQH

1FIH} NMR7 6. 66 DMH,zZHA3, 298i1K)2:s1 6Rdn)niL63.5 (bs,
3H,F,bQd4166. 1 (Fne)abH, C

IBfHINMR 12 8. 4 3 ¢DMH,zG:H,Q3, 29 812K5).(s7TBH) .
CHN Anal yGalscdH: 8 oS i . C, 49. 66 ; H, 4 . 64. Found:
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Figure S25: *H NMR spectrum (CsDs + 1,2-dichlorobenzene, 298 K) of compound 7[HB(CsFs)3].
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Figure S26: 3C{*H} NMR spectrum (CsDs + 1,2-dichlorobenzene, 298 K) of compound 7[HB(CsFs)3].
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Figure S27: 2Si{'H} NMR spectrum (CsDs + 1,2-dichlorobenzene, 298 K) of compound 7[HB(CsFs)a].
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Figure S28: 3'P{*H} NMR spectrum (CsDs + 1,2-dichlorobenzene, 298 K) of compound 7[HB(CsFs)3].
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Figure S29: *F{*H} NMR spectrum (CsDs + 1,2-dichlorobenzene, 298 K) of compound 7[HB(CsFs)3].
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Figure S30: “B{*H} NMR spectrum (CsDs + 1,2-dichlorobenzene, 298 K) of compound 7[HB(CsFs)3].
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3.6SYnthesis of coshpsdbund 8[ HB( C

tBu\@/tBu
Se_ H 1 equiv. B(C4Fs)s R
Bull@ J.-Bu \Se [HB(CsF5)3]”
P Si /
/ N i
{Bu tBu pentane ,S'\
40°C — RT tBu tBu
7d
3 8[HB(CeF5)3]”

Compobrfd 60 mg, 0.419 mmal tris@peguiavyl uorophenyl
mg , 0.419 mmowerd. di ®gqaliwed adtn r3o0 omhL tpedmiptecarnaet ur e
solution was stirredA@nadnigienhtalyl heafkeds . twemMed® di :
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ti me, colrgsltass of8 HBxB cwnd abl e -cfroyrs tredy gd e

di ffraction analyyeld:slld@l mgf ¢0m&A 1 mmol, 93. 4 %)

IH NMRAOO. 13 MKz ,29@B3 K509q ,( ez 87. IH)Hz 2 .89 (d,
= 14.9 HzHPS2eH,, SIf&GZ 48,7 Hz, H$H,, PlSeja({Cs, 18H
Si [ Bfslg .

IT{H} NWMROO. 61 4BHz ,29@AR)DNr= 16.7 BeCHPSe]
29.7 {GH)lBji[Z8Jchb={8, 4 HzCH:):P)Se P& S Ba)sl}, 11.5
( dJep= 182z5CHPS .

2SilH} NMR9. 49 MHz,2T®2 K)Ms(p= 9HzZSCHPSH .
P{H} NWMR62. 04 MHz ,29@0J K)8 ($PSepBi CH
"S5eH} NMR6 MNHC) 29 8i7K).:9x(seF, 323. 6§dHz, P

1¥i{H} NKMB76.66 Mz ,290DiKI3. 7 ( Boy)nblHB4(®Bs, 3H,
CFpa)aL1674 (anet)a-GH, C

IBEHINMR(128. 43 MHz ,2 9@D2KH.5s BH)
HR(ESMS ) Cal/&zbsH:s® SeSi [ B&81Li ab¥5. Found: 381.1725
CHN Anal yGalsccdH:s8mpR*Si : C, 47.05; 4Hg. A3 40H, FOunD.:
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Figure S31: *H NMR spectrum (CD2Clz, 298 K) of compound 8[HB(CsFs)s].
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Figure S32: C{*H} NMR spectrum (CD2Clz, 298 K) of compound 8[HB(CsFs)z].
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Figure S33: ®Si{'H} NMR spectrum (CD2Clz, 298 K) of compound 8[HB(CsFs)3].
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Figure S34: 3P{IH} NMR spectrum (CD2Cl, 298 K) of compound 8[HB(CsFs)3.
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Figure S35: 7’Se{tH} NMR spectrum (CD2Cl, 298 K) of compound 8[HB(CsFs)3].

. . .
7 3 I
I I
| | ;l\
Al " [, | ‘ -
- .
— Ll S el
-126 -130 -134 -138 -142 -146 -150 -154 -158 -162 -166 -170 -174 -178 -182

ppm

Figure S36: °*F{*H} NMR spectrum (CD2Cl,, 298 K) of compound 8[HB(CsFs)3].
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Figure S37: “B{H} NMR spectrum (CD2Cl, 298 K) of compound 8[HB(CsFs)3].

3.6SYy0thesis of cemgound 9[ B(C

o tBu\@/tBu
S H 1 equiv. Ph3C[B(CgF5)s] N
Bul®  d-TMP > s BCFsI
VA i 7
tBu T™MP CH,Cl, Si,
RT TMP  TMP
30 min
4 9[B(CeF5)al”
Compouwrfd50 mg, 0.270 mmol , 1.0 equiv.) and trit
borate (249 mg, 0.270 mmol , 1.0 equiv.) were di
solution was stirred for 30 min at roomntemper a
vacaod the resulting oil was washed ytswadde wi t h

compoQ[nBlF§s]sui t abl ecrgstramiyndliegd fraction dnalysis
from a soluti3omLoDCtMhé agielr eddin wii d dim pteaiftipegirel:t ur e
26 mg (0.17%) mmol , 65

H NMR4OO. 1,3 @Bz 29 &6 KLD, (4Hheda,C 3. 81 [ Bapaj&H, C(OC
3.80 [s, H)2Hho QLOB=(d0.1 HzZPSIH, 1SI8@ {1d7,. 7
Hz, 18H,H)B[ C(C
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1TfH} NMROO. 61 MHz, 2TDI K§B.54C([OC)aja 166.0

[ s

C( OCs)dr t]hp 9 QC| Ao, ( 9,1CHBet)4, S ,5 6 . Z:H3I)o$t],hp C5 @ G:H3Dp§],a, C( O

38. 78cfpd, 24. 8 CHLCHMIP SR 2dp= 2HZP S[@HaL), 12 38 ( d,
p= 2 8z 6CHEPS) .

2GS iYINMR( 7 9. 49CIMHz , 29 811K). B2s(p= 1 8z 8CHPS) .
*P{H} NMR62. 0L DMKz ,29 88 &)s6, QBRS)

'F{H}) NMR76. 6 ECDUHz 29 811350 @F.)nbl 63. 6 Yrts 4F,
20 HZCFa)d167. 4 3aks BHAZCFmera.

1BfH} NMR28. 4T DMHz ,29 871K).(s B).
HR( BBMS Cal/&drBEo NiJ] 678. 977367B088a@9 .

CHNAnal ysiCal cdH:BB®OP £Si (A BCHEB: C, 48. 6; H, 3.
48.63; H, 3.45.
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Figure S38: *H NMR spectrum (CD2Cl, 298 K) of compound 9[B(CsFs)4]. TMP = 2,4,6-trimethoxyphenyl.
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Figure S39: 3C{*H} NMR spectrum (CD2Cl,, 298 K) of compound 9[B(CsFs)4].
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Figure S40: ®Si{'H} NMR spectrum (CD2Cl., 298 K) of compound 9[B(CsFs)4].
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Figure S41: 3'P{*H} NMR spectrum (CD2Clz, 298 K) of compound 9[B(CsFs)4].
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Figure S42: F{'H} NMR spectrum (CD2Cl, 298 K) of compound 9[B(CsFs)4].
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Figure S43: “B{*H} NMR spectrum (CD-Clz, 298 K) of compound 9[B(CsFs)4].

3.6SY¥Yhthesis of compound 10

o 2 equiv. B &
Bul@ [.-Bu equiv. B2 >  Bule J.Bu )
JP_Si JP_Si Br
tBu tBu CH,Cl, tBu tBu
RT
5 24 h 10
Bromine (0.1 mL, 1.95 mmol, 2.0 equ5(v31)1 wags, adde
0.976 mmol , 1.0 equiv.) in 2 mL DCM. The mixt
temperatur e. Then all vaobaThd ersemairrei mge moivie dwa ¢

three times with 3 mL ofl@emthdane tpm wdkketrai Wiedmp &
(0.96 mmol, 99%).

'H NMRAOO. 13 MHz 29@NR K) bS8, ( HH, ©.2H4=[1828 2H,
SiHGP( O, MW.3B3={16z7 1BHOKB() @E:)32} , Is., 1 JASSC, &)s]2}.

1€fH} NMROO. 61 MMHz .2 9BB &)dcfp= 561zB( 0B) @s)sls} ,
28. S4,S Iq: [CH3)3]2} , 2d7,2.]c'|'7p = { 1H Z(P ( O B(x:l['b)g]z} , 2d4,3Jcﬁ> = { 1H Zg
SIiC( B3)3)2} , @XN9r=[ 58z 9CHZFI( OH) ]
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Figure S44: *H NMR spectrum (CD2Clz, 298 K) of compound 10.
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Figure S45: 3C{*H} NMR spectrum (CD:Clz, 298 K) of compound 10.
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Figure S46: 2Si{*H} NMR spectrum (CD2Clz, 298 K) of compound 10.
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Figure S47: 3'P{*H} NMR spectrum (CD-Clz, 298 K) of compound 10.
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3. 6 Reactions of Cyclic ond ywpaRhaospho
FIl uor obreintz(piFIBeN)

Comp o uf dHsBefsiz], 8] H BefFs)s] a[ nBd§F£J4] respectively, (0. 05
equi v.pFBaAnqdq 0. 05 mmol , 1.0 equiv.) were-ddissolve
and | oaded {dtytpe &NMRoumnde. The tube was | eft at
before subjecting the samples to NMR measur ement

7] HBeFsis: Hy dr osi | p-F BAN i voans odbserved. Additional sing
unr ea®f tHBesE] (A andhter i s(( pent ab b u apaFeBpNh eandigl u)c)t .

'H NMRAOO. 13 MKz ,29@ED K6s5, (M#HE) , 7.83 HOmM, 72H3 ( m,
2H,HaC1. 3s4, [9HPQ(FQ)s] , 1s.,3BHESfHKE):] (hidden wrfder sinq
7)), {s.,1 6IS8CGH,K:):]}. 2 PEH} NMR62. 04 MHz 2960 K)'F{H)}

NMR 376. 66 MHz,29@D1K)9:s6 (@ H) .

8 HBeFsz: Hy dr osi | p-F BAN i voans odb sAeddrdieded onal singals wer €
unr e a8 tHBesE] (4 andhter i s(( pent ab b u apaFeBpNh eandf#l u)c)t .

H NMRIOO. 13 MKz ,29@ED K§s9, (LHHGC 7. 83CHa)m, R.HL3 ( m,
2HCHa) , 1s ®3HP( SEOM), 1[s33 PH,SEOK:)], 1{s1,7 18H,
SIC[( M)z} 2P EH} NUMR62. 04 JBHz , 2K®BO7 3. JH} NWMBR76. 66
MHz, ,CGD 29 8i1K)9:s5 (@LH) .

Ol BE(FG TheFIH} NMRectrum shows no i ntSarnadEBiNon bet we
ThéFiH} NBRectoaluemr | y shFoBW g0 2@m and wunreacted

9 B¢ a ( )
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Figure S48: 'H NMR spectrum (CD2Clz, 298 K) of the reaction of compound 7[HB(CsFs)3] with p-FBN.
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Figure S49: 3'P{*H} NMR spectrum (CD-Clz, 298 K) of the reaction of compound 7[HB(CsFs)3] with p-FBN.
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Figure S50: ®F{*H} NMR spectrum (CD2Cl, 298 K) of the reaction of compound 7[HB(CsFs)s] with p-FBN.
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Figure S51: “B{*H} NMR spectrum (CD-Clz, 298 K) of the reaction of compound 7[HB(CsFs)3] with p-FBN.
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Figure S52: *H NMR spectrum (CD2Cl,, 298 K) of the reaction of compound 8[HB(CsFs)z] with p-FBN.
A
I
1
A
200 190 180 170 160 150 140 130 120 110 100 @ 80 Y0 &0 S0 40 30 20 10 o -0 -20 -3 <0 -50 60 -70 -80

Figure S53: 3'P{'H} NMR spectrum (CD2Clz, 298 K) of the reaction of compound 8[HB(CsFs)s] with p-FBN.
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Figure S54: ®F{*H} NMR spectrum (CD2Clz, 298 K) of the reaction of compound 8[HB(CsFs)s] with p-FBN.
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Figure S55: “B{*H} NMR spectrum (CD2Clz, 298 K) of the reaction of compound 8[HB(CsFs)s] with p-FBN.
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Figure S56: ¥F{*H} NMR spectrum (CD2Clz, 298 K) of compound 9[B(CeFs)4] and p-FBN.

85



3. 6 S1eglregystraaly Xdi f fracti on

The crystals were selected andumédsexedidifraern o

equi pped with a 4 /MtHByEE, daOfdEder of on a XtaLAE

Syner gy R, DWippetemvi t Agmm 1HyPi 3 e taord

8] H BsfFslz]}. Data collection and reducti g\hervwdroen perf

1.171. 417 HBesfaonrd 1. 171. 46t B8a Etompamabbadalytical
meric absorption correction,busierdg osn mWKiptriefsad e

nu

derived abk Raiddind an empirical absorption corre
har moni cs, i mpl emented i n SCALE3 ABSPACK scali
compodnHBesEE. A numeri cal absbaptdoonc&Grusestaaoninte
over a mdl c¢ciyacakt emodel, and an empirical absor g
har monimps ement SGABEPAESEKal i ng wad g oa pfpohrimeadl | ot her
compoundsi ngdt DeEes2ructures weransolavdqprasitet h She
refinemEwhsocarried oWt Awihtyhdo®lgelnXlat oms were r
anisotropically. Hydrogen atoms at the carbon atf
and refined isotropicall Hyalaooagredi rmgbodmso nathentdhied i r
silicon atoms were | ocated from the difference F
The fiignuurtelsew@rag@ec  we dthedCr yst allEtxlpé of egurlegs 5i n t
Sup

in

por oirmagtl mim wei Ohed@aay dcr yst al tagrhehfouddt a
the Supporting I nformation.

mpo®BndThe asymmetric unit contains two mol ecul

O O
o o

mpodwndThe asymmetric unit contains one mol ecul
Compo®bndThe atsryimen unit contains one molecul e

Compownidhe asymmetric unit c ontteasidntsy | o nfer arganleend u i
di sordered over two positions andéOs:pdlOi.t into twc

Co mp o u7ph H BeFsE]: The asymmetric uni-t c otnebaditnysl t wo 1
fragments are disordered over two positions and
50:50. SADI , S| MU, and DFI X restraints were used
CPSSi rings (occupancies of 50:50).

CompoBnHBeszs: The asymmetcootains one mol ecul e.

Compo@nRki(e: The asymmetric unit contains one mol
t hiCHIi moi ety are each disordered over two positd.i
occupancies of 80:20.
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Table S1: Crystallographic data for compounds 3, 4, and 5.

Compound 3 4 5
Data Set
i ) AF109 AF140 AF99
(internal naming)
CCDC Number 2184165 2184166 2184167
Formula C17H39PSSi C27H4306PSSi C17H390PSi
} cale./ g-cm™ 1.072 1.232 1.049
wmm-t 2.580 2.153 1.726
Formula Weight 334.60 554.73 318.54
Color clear colorless clear colorless clear colorless
Shape plate block block
Size/mm3 0.16 x 0.09 x 0.04 0.77 x 0.28 x 0.18 0.27 x 0.14 x 0.08
T/IK 123.01(10) 122.97(10) 123.0(1)
Crystal System monoclinic monoclinic monoclinic
Space Group P2i/c P2i/c P2i/c
a’lA 10.8678(2) 10.16340(10) 15.5121(3)
b/A 25.1588(3) 14.39300(10) 10.9551(2)
c/A 15.7629(2) 20.46580(10) 11.9723(2)
Y 90 90 90
b7 105.845(2) 92.3280(10) 97.383(2)
27 90 90 90
VIA3 4146.14(11) 2991.30(4) 2017.66(6)
VA 8 4 4
VA 2 1 1
Wavelength/A 1.54184 1.54184 1.54184
Radiation Type Cu Ky Cu Ky Cu Ky
20 miln 6.806 7.512 5.744
20 malk 146.686 159.578 149.88
Measured Refl. 63772 52297 24736
Independent Refl. 8172 5335 4112
Rint 0.0374 0.0598 0.0185
Parameters 393 341 197
Restraints 0 0 0
Largest Peak 0.38 0.50 0.31
Deepest Hole 10.40 10.33 10.28
GooF 1.031 1.067 1.049
WR: (all data) 0.0855 0.1057 0.0801
WR> 0.0842 0.0977 0.0794
R; (all data) 0.0340 0.0371 0.0305
R1 0.0321 0.0371 0.0295

87



Table S2: Crystallographic data for compounds 6 and 7[HB(CsFs)3].

Compound 6 7[HB(CsFs)3]
Data Set AF178 AF_118c_mP_abs_ana
(internal naming)
CCDC Number 2184168 2184169
Formula C17H39PSeSi C3sH39BF15PSSi
} caic./ g-cm3 1.199 1.483
wmm-? 3.578 2.374
Formula Weight 381.50 846.59
Color clear colorless clear colorless
Shape plate block
Size/mms3 0.18 x 0.15 x 0.03 0.374 x 0.12 x 0.032
TIK 123.00(11) 122.98(11)
Crystal System monoclinic monoclinic
Space Group P2i/n P2i/c
a/A 8.76170(10) 21.5658(4)
b/A 19.5303(2) 18.3748(3)
c/A 12.42490(10) 21.8159(5)
Y 90 90
b7 96.3390(10) 118.683(3)
27 90 90
VIA3 2113.13(4) 7584.1(3)
VA 4 8
VA 1 2
Wavelength/A 1.54184 1.54184
Radiation Type Cu Ky Cu Ky
20 miln 8.472 6.706
20 malk 148.784 133.77
Measured Refl. 39472 48673
Independent Refl. 4180 13307
Rint 0.0607 0.0523
Parameters 214 1100
Restraints 0 110
Largest Peak 0.87 0.41
Deepest Hole 11.04 10.37
GooF 1.076 1.052
WR: (all data) 0.1196 0.1338
WR> 0.1147 0.1230
R; (all data) 0.0496 0.0669
R1 0.0432 0.0492
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Table S3: Crystallographic data for compounds 8[HB(CsFs)z] and 9[B(CeFs)4].

Compound 8[HB(CsFs)3] 9[B(CsFs)4]
Data Set AF182 AF171new
(internal naming)
CCDC Number 2184170 2184171
Formula CssHzoBF15PSeSi Cs1H42BF2006PSSi
} caic./ g-cm-3 1.560 1.598
wmm-t 2.948 2.206
Formula Weight 893.62 1232.77
Color clear colorless clear colorless
Shape hexagonal block
Size/mm3 0.23 x 0.07 x 0.06 0.23 x 0.15 x 0.07
TIK 123.01(10) 123.15
Crystal System monoclinic monoclinic
Space Group P2i/c P21/n
a/A 18.7778(2) 9.69440(10)
b/A 12.15670(10) 36.1757(3)
c/A 17.8431(2) 14.61320(10)
Y 90 90
b7 110.8870(10) 90.8070(10)
27 90 90
VIA3 3805.49(7) 5124.37(8)
VA 4 4
VA 1 1
Wavelength/A 1.54184 1.54184
Radiation Type Cu Ky Cu Ky
20 miln 5.038 7.778
20 malk 150.038 133.364
Measured Refl. 38896 45394
Independent Refl. 7578 8906
Rint 0.0507 0.0485
Parameters 500 761
Restraints 0 12
Largest Peak 0.38 0.41
Deepest Hole 10.78 10.33
GooF 1.086 1.029
WR: (all data) 0.0985 0.0972
WR> 0.0954 0.0938
R; (all data) 0.0422 0.0417
R1 0.0360 0.0372
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Compoidnd
Hydr ogen( eetcoarpfjo m$itt ed for clarity.

Selected Bond Lengths in A Selected Bond Angles in”’

P(2)i S(2) 1.9667(5) Si(2)i C(26)i P(2) 122.63(7)
P(2)i C(26) 1.8249(5) S(2)i P(2)i C(27) 109.40(5)
P(2)i C(27) 1.8756(15) S(2)i P(2)i C(26) 115.11(5)
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Compodnd

Hydr ogen( eetcoarpfjo msitt ed for clarity.

(=)

Selected Bond Lengths in A

Selected Bond Angles in’

S (P ( 1.9699(6) C( 1P (1S ( 113.51(6)
P (ilC( 1.8179(16) P(ilC(USi ( 118.90(9)
Si (C( 1.8991(16) C(BSi (C( 114.64(7)
Si (C( 1.8847(18) C(iSi (C( 109.21(7)
Si (C( 1.8830(17) C( 1P ( 1C( 104.31(8)
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Compobnd
Hydrogen atoimslofmexkeegtf & cl arity.

Selected Bond Lengths in A Selected Bond Angles in °
P(1)i O(1) 1.4958(8) O(L)i P(L)i C(1) 114.09(5)
P(L)I C(2) 1.8639(12) P(L)1 C(1)i Si(1) 121.01(6)
P(L) C(1) 1.8147(11) C(1)i P(1)i C(2) 105.59(5)
P(1)i C(3) 1.8631(12) C(1)i Si(1)i C(5) 105.81
Si(1)i C(1) 1.8930(12)

Si(1)i C(5) 1.9087(13)

Si(1)i C(4) 1.9045(12)
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Compond
Hydr ogen( eetcoarpfjo msitt ed for clarity.

Selected Bond Lengths in A Selected Bond Angles in °
Se(1)i P(1) 2.1163(7) C(L)i P(1)i Se(1) | 114.46(8)
Si(1)i C(1) 1.905(2) P(1)i C(1)i Si(1) 124.31(14)
P(1)i C(1) 1.823(3) C(1)i Si(1)i C(5) 105.44(12)
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Co mp o U[nH BefFs¥s]

Hydrogen atoms omitted for clarity.

Selected Bond Lengths in A Selected Bond Angles in”’

Si(L)i S(1) 2.285(7) CQ)i Si(1)i s(1) 86.5(4)
Si(1)i C(2) 1.887(8) C()i P(1)i S(1) 98.2(4)
P(Q)i S(1) 2.012(7) P11 S(1)i Si(1) 80.6(4)
P(L)i C(1) 1.840(8) P(L)i C(D)i Si(1) 94.5(3)
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Co mp o 8[nH BefFs¥s]

Hydrogen atoms omitted for clarity.

Selected Bond Lengths in A Selected Bond Angles in °
Se(1)i P(1) 2.2277(6) P(1)i Se(1)i Si(1) | 77.55(2)
Se(1)i Si(1) 2.3567(6) CQ)i P(L)i Se(l) | 94.27(7)
P(L)i C(1) 1.834(2) C(1)i Si(1)i Se(1) | 88.17(7)
Si(L)i c(1) 1.915(2) P(L)I C(1)i Si(l) | 100.01(10)
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Co mp o @[nBI{FE]

Hydrogen atoms omitted for clarity.

Selected Bond Lengths in A Selected Bond Angles in’
P(1)i S(1) 2.0522(14) P(1)i S(1)i Si(1) 80.00(4)
Si(1)i S(1) 2.2059(13) P(L)i C(1)i Si(1) 95.3(4)
P(1)iC(1) 1.792(9) C(L)i Si(1)i S(1) 88.0(3)
Si(1)i C(1) 1.912(9) C(1)i P(1)i S(1) 96.3(3)
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3.6Dk4ails on quantum chemical <cal cu

Optimizatitde gasdpaddeti onal har monic vibrati
were performed with the software package Gauss
311+G(d, p) | evel of theor y?Tviet hGoJurt isnypnumie tfriyl erse
figures of the optimized structures vweaerse oar ea
5. 0'3@ar the ground state structures, the vibr:
i maginary frequency in the har mon NB8®) yapipd oxi m
has been performed on the MOeb2mEid + @(dde opp)t | mif z e
thewryh the Gaussi arRi MBROe nviemr g i efd)e r3grilelsg § e d n

ont he sum of electronic and thermal free energ
mo't. The reacti gi) eonft htahe@i esodesmic reactions
I nformation) ar e ugm voefn eblaescetdr ocenit ch hadneds dtdheelr pniad s )
at 298. 15 K.Tihne ktcoatlalmoell ectronic energies (SCF
zepwint energhesns 0ZPE) ,ectr omitchalopindshal maés)

298. 1tbheK,esfumel ect r oni ¢ eammmgd etsh  rGmalb sf reemeer gi es)

antdthe Cartesi amf ctoloe dé¢ alad eclssant elde sfysurednsi n t he

I nformation. The Hartree i Harweee coR6e6t d89
11 calJ.= 4.184
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Table S4: Total electronic energies (SCF), sum of electronic and zero-point energies (ZPE), and sum of electronic and thermal
free energies (Gibbs energies) at 298.15 K of the optimized structures.

gﬁszgd Method/Basis SCF [Hartree] ZPE [Hartree] Enthalpies [Hartree] Els—:gl?tfee] energies
3 M062X/6-311+G(d,p) 11700.21613515 11699.682649 11699.653755 11699.736307
5 MO062X/6-311+G(d,p) 11377.25146864 11376.716884 11376.688135 11376.770587
6 M062X/6-311+G(d,p) 1 3703.58621649 1 3703.053442 13703.024138 1 3703.108197
7 M062X/6-311+G(d,p) 11699.41413545 11698.888000 11698.859354 11698.941193
7-0 M062X/6-311+G(d,p) 11699.35656381 11698.832531 11698.803304 11698.886695
8 M062X/6-311+G(d,p) 1 3702.78598079 13702.260322 13702.231394 13702.313736
8-0 M062X/6-311+G(d,p) 13702.72538148 13702.202670 13702.172957 13702.258148
9 M062X/6-311+G(d,p) 12534.13475422 12533.474363 12533.431440 12533.548238
9-0 M062X/6-311+G(d,p) 12534.09212785 12533.431936 1 2533.388952 12533.505941
11 M062X/6-311+G(d,p) 11376.44969776 11375.920598 11375.892713 11375.972372
110 MO62X/6-311+G(d,p) 11376.39549123 11375.870860 11375.841621 11375.925326
12 MO062X/6-311+G(d,p) 11258.55928712 11258.117595 11258.093233 11258.166426
120 MO62X/6-311+G(d,p) 1258.48907985 11258.050018 11258.025106 11258.099582
13 M062X/6-311+G(d,p) 11140.65370204 11140.298325 11140.277579 11140.343543
13-0 MO062X/6-311+G(d,p) 11140.57521941 11140.222249 11140.201123 11140.267706
14 MO062X/6-311+G(d,p) 11463.61045055 11463.258223 11463.236483 11463.305686
140 MO62X/6-311+G(d,p) 1463.53990628 11463.188183 11463.166815 11463.234073
15 MO62X/6-311+G(d,p) 1 3466.98034553 1 3466.628006 1 3466.606335 13466.674690
150 MO62X/6-311+G(d,p) T 3466.90960133 1 3466.558560 13466.536873 1 3466.605525
16 MO062X/6-311+G(d,p) 1904.818788550 1904.636248 1904.622565 1904.674788
17 M062X/6-311+G(d,p) 11227.77348112 11227.591306 11227.577665 11227.630418
18 MO062X/6-311+G(d,p) 13231.14440360 13230.963615 13231.003752 13231.003752
19 MO62X/6-311+G(d,p) 176.4208162283 176.399190 176.395410 176.416823
20 MO62X/6-311+G(d,p) 1399.376110262 1399.360663 1399.356871 1399.380213
21 MO062X/6-311+G(d,p) 12402.73943169 12402.725402 12402.721599 12402.746481
22 MO062X/6-311+G(d,p) 1485.088298023 1484.964073 1484.953754 1484.997449
23 MO062X/6-311+G(d,p) 1 808.035108100 1807.914615 1807.904081 1 807.948356
24 MO062X/6-311+G(d,p) 1720.902557718 1720.606112 1720.588802 1720.646772
25 MO062X/6-311+G(d,p) 11043.85124249 11043.558613 11043.541021 11043.600000
26 MO62X/6-311+G(d,p) 13047.21686451 1.3046.925045 13046.907355 13046.966972
27 MO062X/6-311+G(d,p) 1536.664556078 1536.536182 1536.526949 1536.567523
28 MO062X/6-311+G(d,p) 1859.615152060 1 859.490698 1859.481126 1859.522988
29 MO062X/6-311+G(d,p) 1772500427745 1772.200253 1772.183537 1772240152
30 MO062X/6-311+G(d,p) 11095.45317975 11095.156635 11095.139874 11095.196572
31 M062X/6-311+G(d,p) 3098.82008767 13098.525140 13098.507977 13098.566170
CH4 M062X/6-311+G(d,p) 40.4967860493 1 40.451680 1 40.447869 T 40.468994




R2® R2
\Y/ 2 2
HL;C —H R R
AN AH 3N/ &/
+ CH, + H, — Si + P\
/ 7N Hi¢” “ch—H
Si R’ R’ 3
2N
R1 R1
16:Ch=0,R'=Me,R2=Me 19:Ch=0 22:Ch=0,R'"=Me 27:Ch=0,R'=Me
17:Ch=S,R'"=Me,R2=Me 20:Ch=S 23:Ch=S,R'"=Me 28:Ch=S,R'=Me
18: Ch=Se, R'=Me, R2=Me 21:Ch = Se 24:Ch=0,R'"=tBu 29:Ch=0,R"'=1Bu
11: Ch =0, R" = Bu, R? = tBu 25:Ch=S,R'"=tBu 30:Ch=S,R'=1tBu
7:Ch=S,R'=1Bu, R?=Bu 26:Ch=Se,R'"=tBu 31:Ch=Se, R'=1Bu

8: Ch =Se, R'=Bu, R? = tBu

Figure S57: Isodesmic reactions to estimate the angular strain in the four-membered heterocyclic cations and the interaction
energy between the R* and R? groups, calculated on the M062X/6-311+G(d,p) level of theory.

Table S5:Reacti on ent ha piil]efshe iSogadmic rdadionsaof FigureoS56, calculated on the M062X/6-
311+G(d,p) level of theory.

Ch RY R2 gH [kcal mol'1]
] Me Me i9. 3
Me Me 1.7
] tBu tBu i22.7
tBu tBu 110. 5
Se tBu tBu 9. 1
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4. Abstract

The synthesi s and re-member ey ef | ynovelclfeosur c
phosphinimine moiety as ar estprbaddrmrtiendy. dlomeor c c
presented i n t his chapter ar e based on prev
chal cogeni delhheda esrionciylcareist.i et thesdi héwr eincgsco

in reactivity and stdmiccontmaisn droe pdloslpdr atee
phosphinimine donor moi eties allow for furthe
influence of steric or el ectronic par ameters.
phosphinimine donor atosmng hwingwbotrraorg! wtelae hte d
4. Pntroducti on

Phosphini mines, al so known as iminophosphor ane
for ms, called phosphinimides, have |l ong been
transition meOaér chleeni ctouy .se of decades, res
devel opment of t ai-d g eed Ipihgpasmdchi a1y sni ems , parti
complexes, which have been utilized as *highly
Building on this success, Ssubsequent research
poevr f ul |l igand systems into co*nphleexMey eorf gnraoiun

demonstrated that phosphinimines possess catal
i mi ne/ car bodmétmdtnfeé $d rsmaisn group phosphinimide
ter minal bonding modes either in the mo®nomeric

Main group element phosphinimine terminal bonding modes

Monomeric Form Dimeric Form

Stephan, 2007 Stephan, 2003

@I';‘(tBu)3

N
Me., / AN _aMe

P. Si Si
Bu” 1 > Bu Bu” 1 > tBu v ~
{Bu {Bu Me' \N/ Me

e
clgs\N ° CloB_

-2
®

|
®p(Bu),

2 [MeB(CgFs5)s]”

Scheme 1: Different types of bonding modes in main group element phosphinimines.®”

Phosphinimines are valued in main group chemis
and bonding modes. I n 2007, the Stephan group
range of coordinastubstmbdesdi phboo®plinnitmi aate s . I
sterically demanding substituents tend to favc
was of significant i mportance for the’design o
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Stephan, 2007

A) Use as masked Frustrated Lewis Pair
e N e \ N
/ 7
fBu Bu si
R tBu @, tBu Bu®
P—N N P—N
N\ P. N\
H N/ H
o [NMeHIC! < NSl __meon © oMme
B ) F BOF > F BUF
F
F F F F F
F* F F F e F F
\_ ) . J
i Four-membered ring ,
1 system utilizing :
' boron as Lewis acid
. and phosphinimide
1 as Lewis base :
B Kato, Miiller, Maerten 2023
) Use as hydrosilylation catalyst
s N
iPr iPr
o HSIEt, o Bl N ® -
)J\ - /lv cat /
Ph” H cat (2 mol%) Ph HH Y
CH,Cly, RT, 15 min ph”> H Ph
"B(CeFs)s
S J
 Six-membered ring
i system utilizing
! silicon as Lewis acid
. and imine as Lewis
i base
This work Temmmmmmmmmmmieeeeees
. I;c;l-Jrrl-1-emb-e-red- ;lng-' tBU\(;'?/ tBu ® Use as hydrosilylation catalyst
H L : N\
, systemutilizing < N—R, e FLP activity ?
1 silicon as Lewis acid : Si/
i ::dL::I?:E;'::m'de , R/1 \R1 ® Structural and electronic studies
[B(CeFs)]

R4 = Me, iPr, tBu
R2 = SiM63, B(3,5-CF3<06H3))2

Scheme 2: Rational behind the chosen design motifs and applications of similar systems.
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Furthermore phosphinimines are known for their
their use as one part of 8Tah ifsr uisst rchat ee dt d ewh s fp
strength, meaning the ability to effectively p
pair is in part described as the combination o
i ndi viduan 2p0aOr7t,s .t he Stephan group employed pho
combination with the strongly Lewis acidic Dbi
Lewi s pairs. The substrates were found to b
trimethyl amli emrei dhhetdPrpganm&nner , thereby demonst

of phosphi ni nmon eest haesb LdPosn o(rS¢tvemg 2 ecARNt |l y, Katc
and Maerten demonsteabtédzetdasil mlnem ions exhi
compared to other stabilized silylium ions. Ad
center rendered t hleam ieofnf iacnide natl |hyyldsriosyillat i on c &
This illustrated the profound i mpact ofacarefu
delicate balance between reactivity and stabi
catalysis. Building upon the knowledge of phos|

attention was drawn to the expliomiangoa béwiss alb
phosphinimide moiety &aGonabilneawiiso nb aosfi cb octehn tceorn c
the elaboration of new synthetic pathways towa
goal was the study of the strtrvywcpuohilil epropetrhes
systems (Scheme 2, C). These ring systems can
Lewi s basic center, the phosphinimine, and a
However, not all systemscwirtlai exldielsiitgnt ctih®i pes
taken in order to fulfill the desired reactivi
be introduced between the intracyclic Lewis a
phosphinimine moiety (Figure 1).

Resonance stabilization

Angular strain induced

by repulsion of {Bu and tBu
R groups
/ \ LT

N—B or —SiMe;

)4 \QCFS

R = Me, iPr, {Bu CFj
Steric hinderance

Figure 1: Design of the four-membered cations and their proposed implications on the system.

This serves to -@dacmepiceh theedaooboronl n haowaosuegh st
t hwas achieved by the bul kyszmobiuett ye aosni |tyh ei nLt e wid

side. The Lewis acidic silicon side was shiel de
met hiyspor opyt emaintdy | groups in order to gauge the
on the system. Since our design -amembwesetiori abl
system, the interaction betewesein itcltoen pah cosrp hcianni r

deteriorated by rising ring sttredvign ytlhrgo wagtp sa od
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phosphorus atom and the al kyl moi eties bound t
modi fications, by rsempiaetgmentthet tLthwi Si Masic nit

meant to not only allow for steric repulsion, bu
order to further diminish the interaction betwe
bound silicom, awemredoere the rational synthesis
steric and electronic factorrseadmtfilwietnyci mmfg tthese
in regard to catalytic applications and FLP act.i
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4. Results and Discussion

Our investigations started with the preparatio
t o enscwrnegpar ability wi t h previously-tepubl i sh
butyl (methyl)phosphiirlehes chaefnfedlid was tchhioss esrc.af f o
demand todl utthyel groups, which serve to inhibit 1

when bor on Lewi s acCodspoalndgasat o latchiemetder fr om
butyl (methyl)phosphine and trimethylsillyl azid
Heating at 70 AC extruded diniltrHdgani agdi §or eng
sincet ahdi 8ger oxi dation proceeds via a phosph

bul ky substituents to come into close proxi mit)
3)3
1 equiv. \Sli _ _ %
| N <N
\Siz 3 /’h /Si\ \ —\SI/
fBu | [}l - f}l---lN -N, \Ne
Y Ol D7 S | I BTN,
tBu hexane L;Bul hexane Bu—P- - -N P
0°C 70°C, 12 h By | By
Intermediate 1
phosphazide - -

Scheme 3: Mechanistic pathway of the Staudinger oxidation with subsequent formation of 1.

Subsequent attempts to replace the bul ky tri me

adamant vyl residue wer e unsuccessful, as the r
phosphazide (Figure 2). Although usingsag | onge
compared to t he synthesil @ofnl yt eotdp ounc

butyl (methyl ) phosplBlaawlaasnaobybabrmedeag crystals
mi xtur e.

1 equiv.
N;
,I,e
u N N NO
—>

B
|

P —P.
Bu” toluene tBl;Bu/ ~ Bu
0°C —» 120 °C
24 h
12

Figure 2: Reaction scheme from which the crystals were obtained and molecular structure of the di-tert-
butyl(methyl)phosphadamantylazide (12) in the crystal (displacement ellipsoids set at the 50 % probability level). Selected
bond lengths (&) and angles (°): P(1)i N(1) 1.636(2), N(1)i N(2) 1.373(3), N(2)i N(3) 1.266(3), P(1)i N(1)i N(2) 108.53(2),
N(@)i N)i N(3) 113.3(2), N(2)i N(3)i C(1) 112.4(2).
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Singrgstals of tahwerientebtneidinead eand-cagyatrmyed by s
di ffraction anal YN ibso n(dFSINg[uUN)Yeld2;)3.7SNBG )N 1. 266 ( 3)

il are slightly shortened due to a partial douct

synthesis of adamantyl substituted phosphini mideé

phosphinimide substituent in | ater sagpantdead u

return ou attent i onp atatcekr rnt eodlt shive u @ th wneed htyd si ¢ tyad i

trimethyl Iyl moi ety, as no complicattihens wer e

trimethyl Iyl moi ety can be easily replaced by
b

r
S i
S i
ility*offfheusyhthabkisysfemhe silylated p
I

y
the tuna
i e terat da¢ 8c kanmé&rhde)siet ciaant itcdhrenofbe easily

t h

- e~
- =

[

a ous chlorosilaneg8andi mfrmodar dthe tpo ogdaacd syi el |
) The reasonf droentc hollso mgsidligdnes was their in
rom mteédé sprilopyebdtoyl bDtouspsnoteworthy that a dowr
bservedSmtuct emst he NMRwistplecitmameasing steric d:¢
ubstituents.

N/ 1) 1.0 equiv. nBuLi \/
SI\ Si, o
Ne 2) 1.0 equiv. R,HSICI N H
tBu /® - tBu\|':® SI,"R
/P\ VAN
tBu THF tBu
-80°C > RT
1 24 h 2:R=Me, 31 %
5(*°SiR,) —15.3 ppm
3:R=iPr,72%

5(*°SiR,) 3.0 ppm
4: R = tBu, 68 %
5(*°SiR,) 8.0 ppm

Scheme 4: Synthesis of silylated phosphinimines 2-4.

Whil e compo8waelse obtained as coMwas$s esht @i hed icom
singtestalline f orm acnrdy sstuabhj extt rewc tt wr a&li ngl &l ysi s
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Figure 3: Molecular structure of compound 4 in the crystal (displacement ellipsoids set at the 50 % probability level). Selected
bond lengths (&) and angles (°): P(1)i N(1) 1.538(2), N(1)i Si(2) 1.665(2), Si(1)i C(1)i P(1) 118.85(13), P(L)i N(1)i Si(2)
160.92(15).

Compourcd ystallized inP2ihhhedspabébigtresupwo mol ec
asymmetric unit. Due to tthebuhiydgh gsDiailif)d )t e ma n
P(1) angle is enlarged AwiHdweav evrd C (itéh) edlf)S i 14118Y.1 8e5 8
is smaller than the tsevmesydmgtliet utne d ed yadteamsa |l wi t
oxi-desu,| fane sel ehfde BENG(HYPr s[.1j] 5 D&®MNAH) | engt h i s
the range obdettueg!|i subsheért ut B dPNSh oMB(hE:s)H i mi nes
PIN 1. 63;7tB@P)N,BH,iNP 1. 58]5(,7)and is sl ighQ Ilbyonednl| ar ¢
l engt h obser vetdel ditny| a sualslti tuted silyl phos|
tBuP ( O).EiBu) H,/OP1. 49i38(® ke PN(IMpPi (2) [160.92(15)
angle is notably expdnded glomamh tpheaniadealngl 20 T
repul si ons bet ween t he tri-melbwtyylIsi Impoli efgy o wp
phosphini mine. The ph@iNd'hiisniims adesl efcrtargommeinct t[oR
fagmen3i'®@ which makes -phesphi mePtiNji8s )¢ Rhoi et y

i soelectronic to 4Shi@iddesi Whkahesbowd &Rsignifi
the basicity of®thesoafgenkadowm.t hat disiloxan
bond angl es. However, o NOU¥R R) aorlbe stsal e fofvieail ean
phosphini mi d#&TNYtalgenP(hMRJiRMe f r agments are of hi
compared to their % dToheilseceafrfoendtc aledmtliaieds t o
N(0L9i (2) Tareglsey.nt h e s inmse ndbofe rtelde CfPANWSri cycles requi

a strong Lewis acid for hydride adbasn@wictth on.
tritylium tetrakis(pentafluorophenyl )borate re
the formati-meambedreedfheébearoyrqykbkfdeBiE)] C RohIBiiF]
(Scheme}idpweyeirn the tebdeydf démovhydwvide abstr e
occurred with tetriakylsipmnt afl uorophenyl )bor
tris(pentafl uorophenyl )borane, both of which h
as hydride abstracti omemeagedt sy ¢llon plriogiti id em f§ otul
observations, we tried to make use of a reporte
with a gnstedacidg[HB OtH (6€s5)q] , and s ubrseelgeuaesnee (HSc h e me
bot t'®nty .18
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Scheme 5: Top: Synthesis and selected spectroscopic values of cationic cycles 5[B(CsFs)4] and 6[B(CsFs)4]. Bottom:
Synthesis of 7[B(CsFs)4] by protonation and attempted dehydrogenative ring closure.

Unf ort utnhaitse lggpproach was al so unsuccedsfrul to a
buteyglui pped ring, instead A BEHPwad otntaa ean li ynt prr onk
that could be isbyVasedybbadalyandalfyfzreadct i 04 .anal ysi
Upon hydri de a’Ps tNMRc tsiiodpin B R8H Ef*fP) 89 .pPpand

6] BEFGs [UCP) 90 .plpmare noticeably shifted downfi el
precurR$iCPsy 2 ppPand[UCP) 26 .plpm which clearly shov
el ecwwromdr awi ng capability of the intracyclic s
donor. I n a previous publicatie®nNMR dewrf iméineé ds h
[cai® P)] observed upon -hembmneddnc otfi ofncurbased on

substituted phosphorus donaemhsangaeni be hypacednjbuac
nchY UGficcontri bodi ohat this effect is gr édtest for
bond i n p h o § EHIING R micnaens, Il i ke hplhosgdn incke sg be b
described as i&N Gpohar iwvwheidchP i s sapmev¥ilnsgosed by
hyperconijnigart @witee olnar ge 3 hamigfet &[mB &g [q P)

= 61.5 p3png] B&FFd[i®P)= 64 ppm] can therefore be ex
[ TN moi ety is isoels@icd]r oni @gmeontt,hewh[eR e al so t
changl[guCiPR i s ekMedcotwendf.i el d shift trend can al so
28i NMR signals oZ[u@&%Sheilbypdrha s Bid%ie)s. Ophar e
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