Introduction to the Chemistry of
Organosilicon Compounds

Comparing silicon chemistry with carbon chemistry

CH, (methane) SiH, (silane)
bp: -161°C bp: -112°C

stable in air spontaneously
flammable

stable, insoluble in water rapid hydrolysis
(traces of alcali)

SiH, + (n+2)H,0 = SiO,"nH,0 + 4H,

Differencies:

e Electronegativity
C Si (H)
2.35 1.64 (2.79)
Si is more electropositive than C; e.g.
C—H - SidH
o+ 0©-

In general Si-X bond is more polar than C-X bond.



Some representative bond energies in kJ mol™ (for
homolytic fissions):

X (> Si o] O- NZ
C-X 368 360 435 ~360 ~30S
Si=X 360 340 393 452 322

Xz = Cl By {
C=-X 453 354 233 24¢
Si=X S65 384 340 234

For instance, Si(CH,), only starts to decompose
above 700°C; Si(C6H distillable at 428°C under
atmosphere!

5)4

e Atomic radius of Si is bigger than C (covalent radii:
117 pm and 77 pm, respectively) « nucleophiles
attack Si more easily

e Low energy empty d orbitals on Si * penta-/
hexacoordination is possible

Preparation of organosilicon compounds

Chlorosilanes, R SiCl, (n=1-3), are of high account
which are also important precursors themselves.



,Direct” synthesis (Rochow-Miiller) used in industry:

- Cw . :
LRC| + S A > RzS!C(.L (+ RS&Q

(R=alkil, oxil) +RHSICL +...)

Most important: R=Me (cf. silicones)

Methods mainly used in lab:

SiCly + URLI —> R, Si + uLicl

RaSiCl + RMgX —> R3R'Si + MgX<l
2 R, SiCly + LiAIH, —> 2R, SiH, + LiCI+AlCIy
HSICly + R-CH=CH, —> RCH,CH,SiCly

hydrosilylation (anti Markovnikoff regioselectivity)

Reactions with Si-C bond fission

Not only the fissions of homolytic type do not undergo
readily but also the heteroytic ones (low polarity of Si-C
bond).

However, for instance, in R;SiR’ compounds there is a
good correlation between the aptitude of the Si-C(R’) bond
breaking and the C-H acidity of the parent R'H compound
(R;Si-C=CR desilylates easily)!



In general the order of the ease of Si-C bond fission:

Sl-C(Qxl\) > St-C(Qn\) > Sl’%(@“ﬂ\)) Si-Clolkil)
€ I;.ft. Nikleofil Bk Nbleokil
@ @ ® ®

Examples:

® SiRqy *+ HX RS

° lasst
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— E@ €} +RysioH
HX = C.FSCOOH, RF.SO3H

The rate of the R,Si—H exchange is 10* times higher
than that of the H—H!
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@) SiMe |
THF ~
(n-Bu)qN":‘ @ i @"@

—MegSiF heptafulvalen

Sakurai reaction:

MeaSi~\z R v o
A PRLLIPNL RPN

and its more frequently used version:

y TiCly H,©
4+ MeSig =4 725,
% “Q /c“chz A/QD

ok, 4-enon. 5,&-¢.wow

@ In the presence of strong Lewis acid catalyst:

AICI 3 o
benaol

MQ.qSt + HC| NC.:sSiCJ + CHq

Slow fission in the presence of cc. acid:

2 Me,Si

cC. Ha SOy

=3 (Mea$1),0 + 2.CH
hexowetil-disailoxom.
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Only in the presence of very strong nucleophiles
in aprotic medium:

_ _lassu
MeaSICRq + OR ™ ——>» HMER ———>MeSIOR+ CRG HCR3

HMFA = (NCZN)?JPO from ,medium” '

But fissions can occur much more readily, for instance,

e if ring strain releases:

WOH, EtOH
[——éiNC.z 28°¢,

e if a good leaving group is found in B position:

ECaSICHaCH,Cl + OH™ — E4RSIOH+Cot, + Q1™

In trimethylsilyl-cyclopentadiene the migration rate of the
Me,Si group is 108 times higher than that of the H atom:

SiMeg

H o
SM

ﬁr = iy

H H

H H” Sty
b"‘ @fﬁ — &



Reactions with Si-Heteroatom bond fission

In organosilicon compounds, due to the relative inertness
of the Si-C bond, the Si-X bond is usually much more
readily cleaved. (In a strict sense, such reactions should be
discussed rather in the inorganic silicon chemistry.)

Organosilanoles and silicones

Organo-chlorosilanes, R SiCl, , rapidly hydrolyse to
R Si(OH), which are condensating, e.g.:

H 3 : .
2L MeySicl —xe sz M, SIOH —>MeaSi-O-SiMey
s HCI . Hzo
driving force: E¢, >E. ., and AaqH(H““,CI')
In the case of bifunctional chlorosilanes:

" Mca_s‘udz—‘:‘-a—z?m MeSi(oH), ——>(Me;SiO)u,
.‘ i chains, rings
(R25190),, =, poli-(s2iliko-
e "keton) = s2ilikown



The chemistry of compounds containing R3Si-E- or
—RQSi-E- (E=S.N) unit

\ X2
Me,SiC Litla MESISH ——> MeySi-S-SiMe,

“LICH tewmetil-—H2S  neametil-di-
2iidmtiol Szilakiowm

X2 | 3so°
IMe S + SIS,

The Si-S bond is fairly stable thermodynamically,
however, in contrast to the Si-O bond, it is
moisture-sensitive.

> Me,SiCly + 3 Hy S + 6 CeHeN L
-6 CgHgNH'C"™
- ""}S‘s.\ o-SiMe, 180°c v it
S5 toam, (
Me, S MeSi—S
\ Hi-ciklo- pPlanarts
trisailatidw
x2,
@
MesSICH —S MegSiNHy “22 5 MesSi-NH-SiMe g
=NH,Cl -NHz  hexametil-

dis2ilozén



NaNHy, bewzol, aT

MesSicl > (MeaSi),NNa
-N“;l -NHqu," NQC‘/
Mg Si-NH=SiMey N:H J’sz_
=H2

[(MeySi),N],M

e.g. M=Co; Metal complexes with low coordination
number can be stabilized in this way!

Me, Si - S
AMe,SICly + 8 RNHy ———> 7 N SiMg
CeRNHiet RN“RINN
R=H, alkil, oril 3 Me2 R
ciklo-trszilozdw

It is difficult to prepare linear polyorganosilazanes,
(-R,SI-NR-) 'since mainly 6- (or 8-) membered rings form.

Silylating agents
Silylation: H—SIR, (usually SiMe,) exchange.

Principally the silylation of organic compounds having
mobile H atom (carboxylic acids, phenols, alcohols,
thiols, amines, amides, carbohydrates, etc.) is of great
importance.



The silylation reaction:

MegSi=X + RO-H —> RO-SiMe, + H-X

silylating agent

The application fields of the silylation:
» enhancing volatility (GC, MS),

« attaching protective and/or activating group to
organic compounds (chemical syntheses),

* hydrophobisation (silanisation), etc.

More frequently used silylating agents:

MeaSiX/EtaN,CsHgN  (X=Cl, Ry, 1)

(NC&S‘),_NH { \ e N
Ositie, TMS'M osmeg
H._.,c—-c Fsc-c.
SNSiMe, “NSiMeq
BSA RETFA
o
i DMCTMS

Me” ‘osiMen

Beside the Me,Si group the following groups are also
often used: tBuMe,Si, Et3Si, iPr3Si, tHexMe,Si.



Silylated carbamic acid esters

R1\ O
NA{ Me

\
Me

R' = alkyl, aryl, alkoxy
R =H, alkyl, aryl, SiMe,

Aliphatic and aromatic N-heterocyclic derivatives:

O
NA{ Me
O_S~\i;Me

Me

CNH = pyrrole, indole, carbazole,
pyrrolidine, indoline,



Preparation of silylated carbamic
acid derivatives

1.y Az amin karboxilezése:

a.y alifas aminok:
2R!R2NH + CO; — [RIRZNC(0)O] R'R2NH,*

R'R?NH + Et;N — [RIRZNC(0)O] Et;NH*

b.) aromas, heteroaromés aminok:
Ar(R)NK + CO; = [Ar(R)NC(O)O] K"

2,y Szililezés:

[RIRINC(0)0] M +Me;SiCl —
— RIR®NC(0)0SiMes+M ™ CI”

[RIGD)NC(0)O] M +Et;N+4Me;SiCl —
—R1(Me3S))NC(0)O - SiMes+M 'CI +[EtaNH]CI”

M: RIR?NH,"; Et;NH"; K*
3y Karboxiszililezes:

2ArNH,+(Me,S1:NH+2CO, —
— 2Ar(H)NC(O)OSiMe;+NH;

4, Atszililezés:

RIRZNC(0)0OSiMes+R3SiCl —
— RIR2NC(O)OSiR3+Me;3SiCl



The reactions of DMCTMS
(N,N-dimethyl-carbamic acid trimethylsilyl

ester)
ROSiMC3
RC(0)OSMey
ArN(H)SMe;
Me;$i0” " “C(O)NMe;, °
I
AIN(H)C—NMe,

RC(O)CI _ RC(O)NMe;
RSO,CI  RSO,NMe,

PCl
Me,NC(O)CI

CH;—C(O)NMe,

CH,C(O)OSMe;, \
‘ RC(O)NMe,
RC(O)OSMe;



Synthesis of herbicides with '*C labelled carbonyl group

2 RoNH + C0, — [R,NC(0)0] R,NH,
[R.NC(0)0]R.NH, + Me,Si t — R,N'E(0)0SiMe, + R,NH, CL

R.’ a=Me b=n-~Pr

» Me,N'C(0)0SiMe; + 34 UL, G, Hy NHSiMe, — [MeasL'_]Lof.
3.4 Cl, C, H,NH'C (0) NMe, aras diron

s 0B, NC(0)0SiMe, + POl — o, N'COU + MegSi + PO,
) nBNCOA + Po(5-Bt), — PO, *

4
2 ‘n—Prz N QC {0 ) SE{: azaz EFPTC.
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The trimethylsilylation of phenols

Gas chromatograms of

mixture of phenols mixture of TMS phenols
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The silylation of steroids

For example, the trimethylsilylation of the testosterone
is not straightforward as six peaks appear on the
chromatogram!

Testosterone
BSA: TMCS
10
€0°C for 72 h
1% 0v-17 -2

' testosterone

TMS



The derivatization of testosterone

To solve the problem is the use of a derivatizing agent
(BSMOC =

N, O-bis-(trimethylsilyl)-N-methoxy-carbamate)
capable of simultaneously silylating and
methoximating the substrate!

CH3—0—I\IJ —C(0)0Si=
i
BSMOC
RI: 43 0%
Bp: 55-58°C (2,5mbar)

f\ c=0 o o /\c-nocurco2

* CH30-N-CIOIOSCHZly —

C-ox ' E-0SiCH)
\_/ | éi(CH3)3 K./ a2

SUBSTRATE BSMOC (MO, TMS) DERIVATIVE

Scheme 1  Structure, characteristic GC-retention index and boiling point data of BSMOC
reagent as well as schematic reaction with a hydroxy-keto substrate.



After 1 hour only one peak of the TMS+MO testosterone
derivative is observable on the chromatogram!

TESZTOSZTERCN=- MO, TMS)

T

20 min Tl 45 oin T3 85 ain

MO, THS

™S

= .35

MO, TMS

_o-v—-:-" T T——
k. i 131,

Fig 4 Chromatograms recorded as different reaction times in the first (30 min , 45 min) and
in the third (55 min) reaction of Fig 3.

{3% OV-210 column and 265°C thermostale iemperakwe were applied). _

Peaks : TMS - trimethylsilyl derivative of testosterone , MO, TMS - methoxime-
trimethylsily] derivative of testosterone, int.st. - cholesteryl acetate internal standard.



