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ABSTRACT

We can now evaluate the effect of leaving group and nucleophile by examining, in 

solution, structures ‘frozen’ at particular points on the substitutiton profile. Twenty 

five compounds of the type,l, have been prepared and their NMR spectra compared 

with model compounds 2 and 3. The position of 1 in the equilibrium 4 ^ 5 ^  have

Y-

C%-SiMe2X

(1)

Y-A
I
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been inferred from iH, and ^^Si NMR spectra. For combinations of Y and X 

limiting structures 4,5 and 6 have been observed, as well as structures 

intermediate between 4 and 5, and 5 and 6. The leaving group ability falls 

X=CF3SOs > Br > Cl> F > OR, and the equilibrium moves progressively to the 

right as Y becomes more electron donating.



We have also developed a model compound to investigate the relationship 

between coordination and reactivity at silicon. We used the compound 7 in which 

four and five coordinate silicon are present in the same molecule and their 

reactivity was compared. We used such compounds to study a) the ability of 

leaving groups to stabilize pentacoordination at silicon (X^Y) and b) the relative 

reactivity to nucleophilic substitution of four and five coordinate silicon (X=Y).

CH.

+
O

‘N‘

SiMe2X

•SiMeY

(7)

The reactions were studied by silicon-29 NMR. A nucleophile such as NMI or 

HMPA was added to the bis-silicon amide and the changes in the NMR spectra 

with varying amounts of nucleophile were recorded. It was found that five 

coordinate silyl chloride and bromide were more reactive than the four coordinate 

silyl chloride and bromide, but four coordinate silyl fluoride was found to be more 

reactive than the five coordinate silyl fluoride. When X and Y were different we 

found the ability to stabilize pentacoordinate silicon increases in the order 

Br > Cl > F.



Three new hexacoordinated silicon compounds of the type 8 have been prepared

Y

S A - Œ j 
' ^ C l

Y

(8) Y=H, 6-CH3, 3-OCH3

and their structures were determined by and ^^Si NMR. Attempts were

made to prepare suitable crystals for an X-ray structure but there were 

unsuccessful.
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CHAPTER ONE

INTRODUCTION



1.1 INTRODUCTION

Compared to carbon, silicon has a much smaller tendency to form compounds of 

coordination number less than four, but it has greater ability to increase its 

coordination sphere due to its vacant 3d orbitals. Hypervalent silicon compounds 

were first observed early in the nineteenth century, when Gay-Lussac and Davy 

reported^ the formation of the adduct SiF^.lNHg. A hexacoordinate cationic 

complex Si(acac)3+HCl2 ‘ was described by Dilthey^ in 1903, and represented a 

new structural (i.e., chelated hexacoordinate) type for the element.

Organosilicon compounds with coordination number greater than four generally 

contain oxygen or nitrogen ligands, although recently the formation of the ion
r  j

C3H5(CH3)2SiCH2CH2CH2 the gas phase has been reported^. As the scope for 

additional coordination has been explored, interest in hypervalent silicon 

compounds has grown considerably during the last two decades. New structural 

types where inter- and intramolecular coordinations are favoured, have been 

developed and studies of permutational isomérisation in pentacoordinate species 

have been vigorously continued. Such studies are particularly relevant to the 

understanding of the stereospecificity generally observed in nucleophilic 

substitution at silicon, in which pentacoordinated intermediates are usually 

involved. The aim of this review is to focus upon the latest developments 

concerning nucleophilic displacement at silicon and to discuss the following topics.:

1.2) The factors affecting the outcome of nucleophilic substitution at silicon.

1.3) Complexes of silicon compounds.

1.4) Reactivity of hypervalent silicon compounds.



1.2 NTJCLEOPHTLTC DISPLACEMENT AT SILICON:

There has been much interest in investigation of the mechanism of nucleophilic 

substitution at silicon and it has been reviewed several times in recent years4>5. 

More recently Holmes has published a review on this topic^. Three mechanisms 

have been proposed for nucleophilically activated racémisation and solvolysis of 

halosilanes. One mechanism involves expansion of coordination at silicon with 

ultimately hexacoordinated intermediate species (Scheme 1.1)^. Racémisation can 

be accounted for by a reversible formation of a pentavalent silicon intermediate, 

followed by a second molecule of nucleophile to give either a pentavalent siliconium 

or hexavalent octahedral species. The second mechanism involves tetracoordinate 

ionic silicon species as intermediate with ionisation of Si-halogen bonds 

Recently, an alternative mechanism for nucleophilic assisted racémisation of 

halosilanes involving halide exchange has been suggested^. This has lead to an 

extension of the second mechanism as shown in Scheme 1.2. Inspite of many 

efforts in this field no clear distinction between the first two mechanisms can yet 

be made.

Nucleophilic substitution at carbon can take place either with inversion or 

racémisation of configuration at the carbon atom. But unlike carbon, nucleophilic 

substitution at silicon generally proceeds with high stereoselectivity, either 

retention or inversion of configuration at silicon but only rarely racémisation. 

Substitution at silicon can proceed either with retention or inversion of 

configuration and the stereochemical outcome depends upon the nature of the 

leaving group, the nucleophile, substrate structure etc. It is generally agreed that, 

opposite (180° angle) attack of the nucleophile opposite to the leaving group 

produces an inversion, while an equatorial attack gives retention of configuration.
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Factors Controlling the Stereochemistrv at Silicon:

i) Structure of the silane: Although the structure of the substrate has almost no 

effect on the stereochemical outcome of substitution, the rate of substitution at 

silicon is susceptable to steric hindrance. Electronic effects of substituents are also



an important factor in determining the rate of the substitution. More highly 

hindered molecules react more slowly. A large decrease in the rate of substitution 

is observed^® in the alkyl series- methyl, ethyl, iso-propyl, and tert-butyl. Release 

of electrons to the silicon atom by the alkyl groups assists in decreasing the rate of 

substitution. But the large reduction in reactivity observed here is too great to be 

attributed solely to the positive inductive effect of the alkyl substituents, and the 

steric effect is probably the dominant effect.

The stereochemical outcome of substitution is independent on the nature of the 

substrate for acyclic silanes. Replacement of a pentafluorophenyl group by phenyl 

group or by changing the substituents from moderate to bulkier groups did not alter 

the stereochemistry at silicon^l. Sommer has shown^^ that cyclic silanes behave 

very differently both mechanistically and stereochemically from acyclic ones. More 

will be discussed in the section angle strain on silicon.

ii) Influence of the leaving group: When the leaving group at a chiral silicon centre 

is a good leaving group such as chloride or bromide, inversion of configuration is 

usually observed. Fluoride and thiol are bad leaving groups. Cleavage of Si-F or 

Si-SR bonds can give either retention or inversion depending upon the nature of 

the nucleophile entering into the displacement process. Si-H bond cleavage occurs 

mainly with retention of configuration, except with Ph2 CHLi where inversion of 

configuration is observed^^. The Si-OR bond is displaced mainly with retention by 

Grignard and organolithium reagen tsexcep t  for some charge delocalised 

reagents e.g., PhCH2Li, Ph2 CHLi. Coixiu^^>G has observed that the tendency of 

halosilanes to undergo racémisation and the preference for inversion over retention 

of streochemistry upon nucleophilic attack at silicon both follow the same trend as 

that of the relative ability of the leaving group to be displaced, and the order is-



(Inv) Cl, Br, OAc > F, SR > OMe, H (Ret)

The attempted correlation of the stereochemistry of nucleophilic substitution at 

silicon with the pKa of the conjugate acid of the leaving group or electronegativity 

or bond polarisability (I>Br>Cl; SH,Br>Cl; OH,OR>H>F)l^ has not been found to 

be very satisfactory. On the basis of pKa, the SR is a very bad leaving group 11 

(the corresponding conjugate acid, RSH, has a pKa>10), so it should react with 

retention of configuration, but inversion is often observed^^»^^. Huoro group 

(HF, pKa~ 3.5-4)11 should be a good leaving group and undergo inversion, but 

retention is often observed^^48

Corriu has p r o p o s e d ^ ^  that electronegativity is not the controlling factor in 

determining the stability of extracoordinate silicon complexes, but depends upon 

the tendency of the Si-X bond to be stretched under the influence of an incoming 

nucleophile. The NMR studies on the compounds o-(Me2NCH2 )C6H4 SiX2 R (1.1) 

and 0 -(Me2NCH2 )C6H 4SiXRlR2 (1.2) system indicate the expansion of

Si— R Si— R
2

(1.1) (1.2)

coordination at silicon by an intramolecular Si-N bond. He assessed the relative 

ease of pentacoordination at silicon which can be summarised as f o l l o w s a n d  

which is the same order as for ease of inversion and racémisation.



X = Br, Cl, OAc > F, SR > OR, H

The low temperature ^^F NMR studies on bifunctional organosilanes

o-(Mc2NCH2 ) C^H^SiXFR led Corriu^O to define a scale of relative apicophilicity of 

various substituents X, bonded to pentacoordinate silicon atom. Apicophilicity can 

be defined as the change in energy when an apical and an equatorial substituent 

exchange positions in a trigonal bipyramid^. For example, the isomer energy 

difference Eb-Ea is the apicophilicity of fluorine relative to hydrogen, A (Eg).

I
Si— H

(A)

(1.3)

Î
Si F

(B)

(1.4)

The ab initio molecular orbital calculations gave a positive value for the expression 

where structure 1.3 with the fluorine axial is more stable than 1.4.

The apical and equatorial fluorine can be distinguished because of their different 

l^F nmr chemical shifts. The shifting of fluorine-19 chemical shift to lower field at 

low temperature, indicates that the fluorine is apical or shifts to higher field show 

that the fluorine is equatorial. The fluorine atom occupies the apical position when 

X=H, OR or NR2  and R=Me but equatorial for X=C1. Corriu^® observed the 

following relative orders of apicophilicity for groups X bonded to the 

pentacoordinate silicon atom versus the apicophilicity of F.

C1>F, F>OR, and F > H



The above sequence shows that chlorine is more apicophilic than fluorine although 

the latter is more electronegative. This may explain the stereochemical behaviour 

of l-NpFcSi(Cl)F; only chlorine is displaced by carbon nucleophiles and inversion 

is the predominant stereochemistry^I. In l-NpFcSi(F)OR, only the fluorine is 

displaced and inversion is usually observed^^»^^. The group displaced in the 

substitution in the above mentioned cases is found to be in the apical position.

The apicophilicities for the series HgSiXH, where H represents the nucleophile and 

X the various leaving groups, both occupying apical positions of a trigonal 

bipyramidal have been calculated theoretically by Deiters and Holmes^^. They 

found that the apicophilicities lie in the order-

C1 > SH > F > OH

The order is found to be similar to that observed experimentally by Corriu^®.

iii) Influence of the nucleophile: The stereochemistry at silicon is affected by the 

nature of the attacking nucleophile. The percentage of retention or inversion is 

dependent upon the structure of the anion, the cation and the solvent.

Corriu^^43 observed that hard nucleophiles give retention whereas soft 

nucleophiles give inversion of configuration for a particular leaving group. A hard 

nucleophile is a species which contain localised negative charge e.g., R~Li+. They 

prefer equatorial attack on silicon giving retention of configuration. On the other 

hand, a soft nucleophile is a species which has delocalised negative charge e.g., 

PhCH2 ’Li+ and prefer axial attack on silicon giving inversion. The stereochemistry 

at silicon can be altered by changing the metal cation or by altering the properties



of the solvent. Organolithium reagents show a general shift towards retention 

compared to Grignard reagents. The C-Mg bond of a Grignard reagent is 

moderately covalent compared to the C-Li bond of organolithium reagents and acts 

as a soft nucleophile and hence inversion is the predominant stereochemistry 

during substitution^^. By increasing the solvating power of the solvent, the 

stereochemistry at silicon can also be modified from inversion to retention for a 

particular nucleophile. Grignard reagents acts as a hard nucleophile in nucleophilic 

solvents (e.g., THF, DME) due to coordination between solvent and the 

magnesium atom ( Scheme 1.3) and reacts with retention.

R r -M g  X

t
Scheme 1.3 Coordination of solvent with Grignard reagent

According to Sommerai, a quasicyclic S^i-Si transition state (Scheme 1.4) is 

responsible for the retention of configiuration at silicon. The S^i-Si mechanism 

involves the electrophilic assistance to the leaving group by the M+ counterion.

Scheme 1.4 S^i-Si mechanism
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The factors which tend to increase the solvation of M+ should decrease the 

proportion of retention. These results are the complete opposite of those observed 

by Corriu^^-^^- Corriu therefore does not support the S^i-Si mechanism and 

favours the Molecular Orbital approach described below.

Anh and Minot^^ used a frontier orbital approach to rationalise the • 

stereochemistry at silicon. Although the arguments are complex, they assumed 

that the major interaction during a reaction is that between the HOMO (Highest 

Occupied Molecular Orbital) of the nucleophile and LUMO (Lowest Unoccupied 

Molecular Orbital) of the tetracoordinated silicon species. As shown in 

Scheme 1.5. The front side attack leads to retention. When unfavourable, out-of

phase overlap between the nucleophile and the orbitals of the leaving group

Nu ret
unfavourable

Nu

Scheme 1.5 Structure of the substrate LUMO, cj*si-X

predominates, nucleophilic attack occurs at the rear side of the molecule, opposite 

to the leaving group leading to inversion. Retention or inversion is the result of 

inphase and out-of-phase orbital overlap respectively between the nucleophile and 

the LUMO of the substrate. The nature of the nucleophile and the electronegativity 

of the leaving group have dramatic effect on the size of the HOMO and LUMO 

orbitals respectively. The s character at silicon atom increases with the
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increase of electronegativity of the leaving group, leading to a bigger lobe between 

silicon and the leaving group and hence favours retention of configuration. It is 

observed that the retention is more favourable for fluorine relative to chlorine as 

leaving group. Hard nucleophiles, with contracted valence orbitals favours front 

side attack leading to retention of configuration. Rear side attack is enhanced with 

a soft nucleophile with diffuse valence orbitals and the out-of-phase orbital overlap 

dominates leading to inversion of configuration. Although the Anh and Minot 

approach gives a qualitatively rational explanation for most of the stereochemical 

data at silicon, the theory does not propose a role for pseudorotation.

The predominant stereochemistry for pentavalent silicon is trigonal bipyramidal.

An interesting feature of trigonal bipyramidal molecule is the possibility of internal 

exchange or pseudorotation of their ligands. The process of pseudorotation was 

first described by Berry^^ and is shown in Scheme 1.6. The process involves the

T
B S i' '  ® ^  B-----Si — B----- Si'

>  ^  y \
A A

Scheme 1.6

exchange of axial ligands, X and Y with two of the equatorial ligands A and C, 

keeping the substituent B, called the pivot ligand unchanged. During 

pseudorotation, X and Y which are originally equatorial become axial. Similarly, 

ligands A and C are changed from equatorial to apical.
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Holmes et al̂ O have recently published X-ray crystallographic data of pentavalent 

silicon complexes, with geometries ranging from trigonal bipyramidal to square 

pyramidal which provides further evidence in support of Berry’s pseudorotation. 

The pseudorotation process is not entirely ruled out by Corriu, but he suggested^ 

an alternative mechanism which does not require a pseodorotation step as shown 

in Scheme 1.7. Equatorial attack by nucleophile is assumed in a tetrahedral edge 

between a ligand and the leaving group which results a five coordinated trigonal

X

+Nu

X

Si— Nu
-X

Nu

retention

Scheme 1.7

bipyramidal intermediate. Axial departure of the leaving group in the process 

results in retention of configuration. Holmes^^ disagrees with this mechanism as 

ab initio calculations show it to be a very high energy process.

iv) Effects of solvent: It has been discussed earlier that by altering the properties 

of the solvent, the nature of the nucleophile can be altered. For example, Grignard 

reagents act as soft nucleophile in ether but as a hard one in THF or DME.

Alanes, AlHnYg.n increase the extent of inversion at silicon as the basicity of the 

solvent increases. (i-Bu)2 AIH substitutes all Si-X groups (X=F, Cl, SR, OR) with 

retention of configuration in hexane^O. Sommerll suggests that this is a result of a 

very strong electrophilic centre and a weaker nucleophilic centre with electrophilic 

assistance as shown in Scheme 1.8
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Al Si R

i-Bu H R^

Scheme 1.8

The percentage of inversion increases with the basicity of the solvent 

(hexane<Et20<THF). It is argued that the Al-H bond of alanes is slightly 

polarised and hence acts as a hard nucleophile and gives retention. In the presence 

of a basic solvent, the coordination of the solvent at the aluminium atom 

délocalisés the negative charge on hydrogen as shown in Figure 1.1 leading to 

inversion of configuration.

,A1 H

Solvent

Figure 1.1 Coordination of solvent with alanes.

Corriu et al^^dS have found that the stereochemistry at silicon changes from 

retention to inversion when the alcohol content of the medium is increased. They 

argued the above observations in terms of electronic factors. They found that the 

nucleophiles RO‘M+ act as a hard nucleophiles in benzene and react with 

retention. When the alcohol content is increased, the charge is dispersed by strong 

hydrogen bonding interactions as shown in Scheme 1.9 and such dispersal of 

negative charge produces a softer species which reacts predominantly with 

inversion.
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RO-H H-OR
N X

RO‘

RO-H ' H-OR

Scheme 1.9

v) Effects of angle strain at silicon: Angle strain at silicon has a dramatic effect on 

the stereochemistry of substitution at silicon. Increased angle strain at silicon 

changes the stereochemistry towards retention for exocyclic leaving groups except 

in compounds 1.5a and 1.5b which gives complete retention instead of inversion 

when treated with alkyl lithiums and alkyl Grignard reagents r e s p e c t i v e l y 3 2 , 3 3 ^

1.5(a) X=C1 
(b)X=F

The change of stereochemistry from inversion to retention with change of angle 

strain at silicon can be summarised as follows-

Inv Ret

109°

acyclic

silanes

105°

six-membered

ring

93-96°

five-membered

ring

90°

four-membered

ring
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Increased angle strain at silicon changes the stereochemistry toward inversion for 

endocyclic leaving gronps^^'35

A possible interpretation generally invoked in phosphorus chemistry assumes that 

the four- or five membered rings are unable to occupy the diequatorial position of a 

trigonal bipyramidal intermediate and must occupy the apical-equatorial position^^. 

The nucleophile attacks at 90° to the leaving group and hence leads to retention of 

configuration (Figure 1.2).

f 'N .
X

Figure 1.2

Anh and Minot^^ have argued that the stereochemistry at silicon can be explained 

in terms of change of hybridisation around the tetracoordinated silicon atom. If the 

angle is smaller than the tetrahedral value, ±e four hybrid atomic orbitals of silicon 

are no longer equivalent. The two used for making Si-C-1 and Si-C-2 

(Scheme 1.10) bonds have less s character than the two remaining atomic orbitals 

(Si-R and Si-X). They have shown^^ that, an increase of s character implies an

Scheme 1.10
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easier front side attack at silicon and therefore greater ratio of retention. Therefore, 

if the silicon atom is in a strained ring with exocyclic leaving group, the percentage 

of retention will increase, whereas, for endocyclic leaving group (Scheme 1.10) 

inversion of configuration will be favoured.

1.3 COMPT.EXES OF SILICON COMPOUNDS:

Silicon has greater ability to form extracoordinated compounds than carbon. A large 

number of penta^^-^T and hexacoordinate^^'^^ complexes of silicon are known 

compared to few proposed in carbon c h e m i s t r y ^ ^  and few a examples of 

hypervalent silicon compounds are shown in Figure 1.3. Hypervalent silicon

X Si

CF3

O

Ph Si

CR

„ - U

Me

(1.6) (1.7) (1.8)

Figure 1.3

compounds generally contain halogen, nitrogen or oxygen ligands around the 

silicon. The predominant stereochemistry for five coordinate silicon is trigonal 

bipyramidal. But a number of hypervalent silicon compounds are known where the
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presence of an intramolecular coordinating ligand modifies the geometry around the 

silicon atom from trigonal bipyramidal to square pyramidal^O. Examples of a few 

intramolecular complexes are shown in Figure 1.4

Corriu et al'̂ O have used the induced diastereotopicity in 1.10 to study the dynamic 

behaviour by NMR spectroscopy. They observed two different dynamic processes, 

one with activation energy AG+, 9.4 kcal/mol and the other with AG^, 11.8 kcal/mol 

due to pseudorotation at silicon and breaking of the Si-N bond respectively. Klebe 

and Hensen^^ studied the dynamics of compound 1.12 by NMR and stated that 

the energy barrier for fluorine equilibration of 7.5 kcal/mol was best accounted for

o

Ar

(1.9) (1.10) (1.11)

Figure 1.4

by reversible dissociation of the N-Si bond. By contrast Damrauer and D a n a h e y 5 5  

recently extended and repeated l^F NMR studies initially carried out by Klanberg 

and Muetterties^"^, and found that 1.13 and 1.14 undergo intramolecular fluorine 

exchange with AGt=11.7 and 9.9 kcal/mol respectively, consistent with 

pseudoratation or an equivalent mechanism.
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SIR Ph2SiF3 PhMeSiFc

(1.12) (1.13) (1.14)

In organic chemistry X-ray study has enabled a fuller understanding of reaction 

mechanism at carbon through the study of intramolecular atomic distances and 

deviations from tetrahedral geometry^^. There are a number of X-ray 

crystallographic studies on organosilicon compounds in which inter- and intra

molecular interactions have been revealed.

Kemme et al^^ have shown that 1-chlorosilatrane (1.15) exhibits intramolecular 

coordination. The silicon atom in the silatrane has a trigonal bipyramidal geometry 

with the leaving group Cl and nitrogen atom in axial positions. The nitrogen atom

N+
:Si;

Cl

(1.15)

has pyramidal geometry. The Si-N distance for most silatranes studied varies over

2.02-2.23 Â range, which reflects the extent of transannular interaction which is 

smaller than the sum of the van der Waals radii of silicon and nitrogen atoms 

(3.5Â). The Si-N bond length in 1.15 is 2.02 Â and the Si-Cl bond length is 2.15 Â 

compared with 2.09 Â for chlorotrimethylsilane. For intramolecular complexes
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where there is a choice of geometry for two electronegative ligands, the available 

evidence from X-ray study indicates that they are more likely to found in apical 

positions. The geometry of 1.16 has been studied by X-ray crystallography and 

found five coordination at silicon with distorted trigonal bipyramidal form^^. The 

oxygen and chlorine atoms occupy apical sites and the 0-Si distance is 1.918 Â. 

The SiCl bond length for the five-coordinate silicon fragments is 2.348 Â, compared 

with 2.05 Â for the four-coordinate SiCl bond. The sum of the van der Waals radii

Me Me 

P - . - S i— Cl

N GHz

-SiMezCl

(1.16)

for Si and Cl is 3.80 A. Although the SiCl bond is lengthened considerably on extra 

coordination it can still be classified as a covalent bond^^.

Klebe et al^0,61 have examined the compounds of the type 1.17 and found that the



20

silicon atom in each of the complexes of type 1.17, RSiMe2 Cl, RSiMeCl2  and 

RSiClg, is of trigonal bipyramidal geometry. There is no intramolecular coordination 

for the RSiMeg derivative 1.17. The coordinated pyridine-type nitrogen occupies 

the apical position and the saturated-ring nitrogen, occupies an equatorial position. 

A chlorine atom is found in the axial position, opposite the coordinated pyridine- 

type ring. The apical SiCl interatomic distance falls in the order RSiMe2 Cl> 

RSiMeCl2 > RSiClg with respective values being 2.269, 2.207 and 2.15 Â. The 

pyridine nitrogen-silicon distance follows the same direction and the Si-Npy 

distances are RSiMe2 Cl, 2.028; RSiMeCl2 , 2.027; and RSiClg, 1.984 Â. These bond 

lengths are about 14-18% longer than the equatorial Si-N bonds. Surprisingly the 

sensitivity to moisture of the chlorosilanes of type 1.17 was reported^® to decrease 

in the order RSiMe2Cl> RSiMeCl2> RSiClg which is the inverse of the expected 

order. When there is no electronegative 'leaving' group as in compounds 1.18 and

Me

Ph Ph

(1.18) (1.19)

1.19 there is still significant N-Si bonding, but as expected for silicon bearing no 

strongly electronegative ligands, the NSi distance is long, 2.26 Â for 1.18^^. 

Hydrogen atoms occupy equatorial positions and the phenyl group is apical in both

1.18 and 1.19. Substitution of SiH in silanes is strongly favoured over SiMe or 

SiPh substitution by nucleophilic reagents, and retention of configiuration is the 

predominant stereochemical pathway. The structures of the compounds 1.18 and
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1.19 is evidence that apical entry, probably followed by pseudorotation, is the most 

efficient pathway for retentive mechanisms^^ and recent calculation by Dieters and 

Holmes support this view^^»^.

Burgi was the first to map the reaction pathway of the Sn2 nucleophilic 

substitution on the basis of X-ray data for complexes with intermediate 

(tetrahedral vs trigonal bipyramidal) coordination. Later this ‘structural 

correlation’ approach was applied to organotin^b and organosilicon 

compounds67-69 xhe essence of that method was that bond lengths and angles for 

a series of structurally related model compounds were compared and used to infer 

coordination and bond angle changes during the course of a reaction.

Macharashvili et al̂ ® have used the correlation technique developed by Burgi65 to 

analyse a series of crystallographic studies of N-(halogenodimethylsilylmethyl) 

lactams. Briefly, this method was concerned with an analysis of structural 

parameters in the solid state complexes as the geometry changes from tetrahedral 

to trigonal bipyramidal along an Sn2 like reaction profile (Scheme 1.11). Their

1 7 4 9 \  Me^3.734 1 .8 0 0 , Me M ^ 3 .i2 2

(1.20) (1.21)
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1.954 Me 2.307

O—— Si— Cl

N ‘

2.395 1.652
—'-S i-^a -

O '
(1.22) (1.23)

Scheme 1.11

X-ray studies showed^® that Si-0 and Si-X (X=I, Br, Cl, F) distances at the 

pentacoordinate silicon atom in N-(halogenodimethylsilylmethyl)lactams vary over 

a wide range (1.749-2.395 and 3.734-1.652 Â respectively) in the series 

X=I-^Br-^Cl—>F. The Si-X interaction changes from ionic (1.20) to covalent

(1.23), with weakening the Si-0 bond interaction. The IR spectra have shown that 

on going from iodide to fluoride, the weakening of the Si-O interaction is 

accompanied by weakening and strengthening of the C=N and C=0 bonds 

respectively. The coordination at silicon atom changes from (4+1, compounds 1.20, 

1.21) somewhat distorted tetrahedral through trigonal bipyramidal (3+2, compound 

1.22 ) and back to the distorted tetrahedral, but with inverted, (1+4, compound 

1.23) coordination (Schemel.il).

Barrow et al67 have used the correlation technique developed by Burgi65 to 

analyse a series of crystallographic studies, carried out by various groups. This 

method is concerned with an analysis of structural parameters in the solid state 

complexes as the geometry changed from tetrahedral to bipyramidal along an Sn2 

like reaction profile. Figure 1.5 illustrates the parameters used; the r(Si—N)
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N- — —r(NSi) X

Figure 1.5 Parameters used in the correlation analysis of nucleophilic attack 

at silicon in an Sn2 like process.

decreases as the intermediate is approached; the r(Si-X) increases slightly and 

a  increases. Figure 1.6 shows the scatter plot for a series of silatranes, and other 

compounds with a long Si—N interaction'^^. It can be seen that as the trigonal 

bipyramidal geometry is approached, r(Si—N) decreases significantly whereas 

r(SiX) shows little variation except at a=90° which corresponds to true trigonal 

bipyramidal geometry. The last point refers to the structure of the H3 SiNH2

78

%

&
Oo

. / n -

82  '  86 
<%/ =

2.4

z 
2.2  ■cn

-  2.1

1.9

1.8

90

Figure 1.6 Scatter plot of r(N—Si), open circles and r(Si-X) [X=C(sp^)(e), 

C(sp3)(m) or N (A)] against a .
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pentamer which has two apical SiN bonds of equal lengths^Figure 1.6 can 

therefore be taken as an illustration of the reaction pathway leading from 

tetrahedral four-coordinate silicon to a trigonal, Gve-coordinated species.

Further X-ray studies on silyl species capable only of intermolecular interactions 

show similar solid-state complexes in which the coordination number at silicon is 

extended to five or even six. For example, silyl isocyanate HgSiNCO exhibits 

directional intermolecular Si—N and Si-0 interactions as illustrated in 

Figure 1.7^^. The intermolecular Si—O contact is 330.3 pm and the N-Si—O 

angle is 76.7°. The N—Si-N angle is 173.8° and the N—Si distance is 331.1 pm.

In this example Si—O contact is some 9% less than the sum of the van der Waals 

radii and the Si—N contact is about 11% less. For disiloxane^^, disilyl sulphide^^

H(2)

H(i)

Figure 1.7 Arrangement of molecules of HgSiNCO on the mirror plane at y=l/4

showing the N—Si and O—Si interactions.
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and disilyl selenide’̂  ̂ the X-ray structures all showed directional Si—X contacts 

(X=0,S,Se) with the X-Si —X angles close to 180°, and the long Si—X contact 

being 35-50 pm less than the sum of the van der Waals radii. By contrast the 

planar trisilylamine shows no tendency to form long, directional Si—N bonds^^, 

consistent with its inability to form complexes with MegB '̂ .̂

Chlorosilyl-N, N-dimethylamine in the crystal consists of well separated dimers, 

as illustrated in Figure 1.8, each dimer being regarded as a 'frozen' intermediate in 

an Sn2 reaction in which N displaces Cl to form the ionic form of the dimer'^ .̂

The complexing behaviour of silicon compounds in solution is less well understood

Figure 1:8 Structure of chlorosilyl-N,N-dimethylamine in the ciy^stal at 116 K.

The Si2N2 Cl group is almost planar: the dimer contains a centre of 

inversion. Bond lengths (pm) and angles (deg): Si-Cl 223.1(6), Si-N 

181.4(13), Si-H 149(1), N-C 149.8(18), Si-N 205.4(3), Cl-Si-N 

96.1(5), Si-N-C 112.8(9), C-N-C 108.8(14), N-Si-N 83.0(5),

Si-N-Si 97.0(6).
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than in the solid state. For many silane-nucleophile interactions in which the 

silane is bonded to a good leaving group the species formed is simply the result of 

a s u b s t i t u t i o n ’7 6 - 7 8  Where no leaving group is present, infrared studies show the

RsSiX + Nu = RsSiNu+X-

existence of weak solvent-silicon interactions in trialkoxysilanes^^ and 

triethylsilane^®. Trimethylsilylacetate was shown to have a unidentate acetate 

ligand in solution^ 1 and tetraacetatosilane formed the hexacoordinate hexaacetate 

in solution on reaction with acetic anhydride^^. Organosilicon chlorides^^ and 

ace ta teswere  claimed to form complexes in solution readily with a wide variety 

of Lewis bases.

1.4 REACTIVITY OF HYPERVALENT ORGANOSILANES:

There is much interest in the existence^^»^^, s t r u c t u r e 3 2 ,3 8 ,8 6 ^  r e a c t i v i t y ^ ^ 8 7 - 9 4  ^nd

isomerisation^^’95 of pentacoordinate silicon derivatives that have been proposed 

as intermediates in reactions of organosilanes in solution^^. But in spite of the long 

history of the hypervalent silicon compounds, and the considerable amount of 

structural investgation devoted to them, relatively little of their chemistry has been 

explored. There are now however indications that they have a varied chemistry, 

significantly different from that of their tetravalent counterparts.

The air stable potassium salt, K2 SiF$R, which can easily be isolated in pure form 

has given rise to a number of interesting mechanistic studies concerning the 

reactivity of these hexacoordinate anions.
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D Halogénation:

N-Bromosuccinimide, elemental halogen or copper (II) halides induce cleavage of 

the carbon-silicon bond with the formation of the corresponding organic halide. The
I

reaction of exo- and endo-2 norbomylpentafluorosilicates in polar solvent with

NBS or Bp

Br

NBS or Bp

Br
H

N-bromosuccinimide or bromine gave products in which inversion of configuration 

had occured at the carbon atom, with a high degree of selectivity^^. In non-polar 

solvents a decrease in yield was observed in the reaction with 

N-bromosuccinimide, and a loss of stereoselectivity in the reaction of the exo

isomer with bromine. The inversion of configuration with N-bromosuccinimide is 

due to direct electrophilic displacement (Scheme 1.12), but the reaction with 

bromine was considered to proceed by an initial electron-transfer step, followed by 

nucleophilic attack of bromine ion on the resulting organopentafluorosilicate radical 

ion (Scheme 1.13). Steric constraints or reduction in polarity of the solvent allows 

dissociation of the radical ion to a free alkyl radical, and loss of stereoselectivity, 

as observed (Scheme 1.14).



28

N ‘ + Br— C +SÎF /

O O

Scheme 1.12

Br; + RSif;^'  ► Br + B r ' + RSiFj"

B r' C  S iF j- ------- ► Br —  C + SiF|~

Scheme 1.13

. z. . Br
RSiF^ —► SiFg + R  ►RBr

(Racemised)

Scheme 1.14

The reaction with copper (II) salts proceeds with complete loss of 

stereochemistry^^.

K2 [RSiFs] + 2 CuX2  > RX + 2 CuX + K2 [XSiF5]

Again, an initial one electron oxidation is postulated, with liberation of a free alkyl 

radical which undergoes racémisation before conversion to halide (Scheme 1.15).

RSiFg^- + CuX2  > R- + SiFsX^- + CuX

R" + CuX2 ..................> RX + CuX

Scheme 1.15
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ii) Oxidation bv m-chloroperbenzoic acid:

m-Chloroperbenzoic acid oxidises silanes to alcohols by cleaving the carbon- 

silicon bond. The reaction is stereospecific, and proceeds with retention of 

configuration. The rate of the reaction is depressed by addition of an excess of 

potassium fluoride^^, and the mechanism proposed is shown in Scheme 1.16.

L,'n

Ar

R

L^Si OH

V
Ar

R

LnSi O HoO ROH
Qv .OH 

Ar
V

n= 3 or 4, L= R, F, or solvent 

Scheme 1.16

iii) Alkvl transfer:

It is found that organopentafluorosilicates reacts with many metal salts e.g. Ag(I), 

Cu(I) and P d ( I I ) 9 9 .  The reaction involves alkylation of the metal, and may be 

followed by reductive coupling of the alkyl groups or carbonylation in case of 

palladium (Scheme 1.17).

RSiF 2 - XSiF.+ MX
Br

R'OC O

(M=Pd)

Scheme 1.17
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C) Reactivity of Hexacoordinated Silicon Compounds:

The tris (benzene-1,2-diolato) silicon complexes, Si(-0 C6H4 0 )3^' 2M+ (M=Na or 

K) were found to react very rapidly with Grignard or organolithium 

reagents^^’̂ O®’̂ ®̂ . The extent of substitution depends on the organometallic

M2 Si(-OC6 5^0)3  + RMgX
(i) Ether, 0°C, 15 min
(ii) H+

HO

reagent as follows:

i) When RM is an alkyl or benzyl Grignard reagent, three silicon-carbon bonds are 

formed and this is independent of the ratio of silicon complex/RM. (But MeMgBr 

leads only to the formation of Me4 Si in good yield.)

ii) A mixture of tri-and tetra-organosilanes is obtained when RM is an 

alkyllithium.

Na2Si(-OC6H40)3 + EtLi
(i) Ether

(ii) H+
+ Et4S i

HO

iii) When RM is an allyl, vinyl, phenyl or alkynyl Grignard reagent, it always gives 

R4 Si, whatever the ratio silicon complex/RM. The intermediate R3 Si0 C6H4 0 MgX 

has been treated directly with different reagents leading to various organosilicon 

compoundsshown in Scheme 1.18.
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RMgX

-5M — ► Organosilanes 
2Na"" L1A1H4 ^  siH^

4RM g)^ R SiH
Cp2TiCl2

^R=Et,  n-Bu, i-Bu
s-BuM ggrs-Rn SiH. 
Cp2Ti02

RgSi

R3 MX x=B r,C l

R= n-Bu
XMgO

RsSiOMe ^  MeOU 
C0 CI2

R= Bn

RgSiMPhg 
R= Et, M= Si, Ge

LiAlH. ^  R.SiH R= Et, Bn

RqSi

HO

PhgMLi

MeOLi^ RjSiOMe 
MeOH

R=Bu

MgBr _

R' MgBr R=Et

RqSiR'

R=Et, R’=Ph, PhC=C

Scheme 1.18

Hexacoordinated silicon complexes have also been treated with a redncing agent 

snch as LiAlH .̂ and SiH^ was obtained in qnantitative yield. The reaction of 

p-hydrogenated Grignard reagents activated by Cp2 TiCl2  (Cp=cyclopentadienyl) 

on tris (benzene-1,2-diolato) silicon complex prodnces the trisnbstitnted 

hydrosilanes (Scheme 1.18).

D1 Reactivitv of BisŒ-CdimethvIaminolnapthvB Complexes of Silicon:

The basic transformations of SiF, SiCl, and SiH in hexacoordinated silicon species 

are completely different from those observed with the corresponding tetra- and
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pentacoordinated compounds. Corriu et al̂ OS have found that the reactivities of 

compounds 1.24 and 1.25 with nucleophiles were diffferent. Difluorosilane (1.24) 

appears to be completely inert to any nucleophilic reagents (LiAlH^, RMgX, RLi, 

ROH, RONa), whereas dichlorosilane (1.25) is substituted very easily by 

nucleophiles (Scheme 1.19).

M e ^  '—
    1 ^ .

(1.24) X=F

(1.25) X=C1

(1.26) X=H

LiAlH4

Ar2SiCl2
(1.25)

MeONa

MeMgX
or MeLi

Ar= 8-(Dimethylamino)napthyl

Ar2SiH2

Ar2Si(OMe)2

Ar2SiMe2

Scheme 1.19

The lack of reactivity of fluorosilane (1.24) could be attributed to both the minimal 

elongation of the Si-F bonds and a maximal hindrance around the silicon atom.

The reactivity of the hydrosilane (1.26) towards nucleophile is again very different 

from that observed for (1.24) and (1.25) (Scheme 1.20). It is chemically inert 

towards strong nucleophiles (RLi, RMgX), whereas organolithium reagents are 

able to substitute the Si-H bond in tetra- and pentacoordinate silicon 

compounds



PhSH
No reaction '*■

No reaction ^  MeMgBr 
MeLi

No reaction ^ 1

No reaction

CHCI3 

PhC=CH

No reaction PhCHO

PCI5
CC^
MeOH

Ar2SiH2
(1.27)

H 0 (C H 2 )2 0 H

33

 ► Ar2SiCl2

Ar2Si(OMe)2

Ar2Si( I
O— '

+AgBp4

Ag( | )  + AT2Six + BF4‘

Tolune
Ar2Si^

H

0.5 H2(̂  )

Ar2Sip2
4k

AgBp4

Ar2Si^
H

 »-Ar2Siff

Ar= 8-(Dimethylamino)napthyl

Scheme 1.20

E) Reactivitv of Pentacoordinate Organofluorosilicates and Alkoxvsilicates:

Recent studies^ '̂^O? of the pentacoordinate anionic siliconates, 

Ph3Si-(OMe)2K+(18-crown-6), Ph2Sr(OMe)3K+(18-crown-6), Ph3SrF2K+(18- 

crown-6) and MePhSi"F3K+(18-crown-6) have shown that they are very reactive 

towards strong nucleophiles (RMgX, RLi, ROLi, LiAlIL^) and give the neutral 

tetravalent substituted silicon derivatives. The pentavalent anionic species was 

found to be more reactive than the tetravalent analogue towards nucleophile.

Phg Si F2 K^( 18-crown-6) ' 

PhgSiF

i-PrMgBr

THF, RT
PhgSi-i-Pr
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MePhSiFg' (18-crown-6) 

MePhSip2

Ph2 Si(OMe)2 + 2 i-PrMgBr

i-PrMgBr
Ether, -10®C 

THF, RT, 17h

->■ MePhSiF-i-Pr

Ph2Si(0Me)-i-Pr

THF RT 7h
Ph2Si(OMe)3 'K'^(18-crown-6) + 2 i-PrMgBr  —  ---- >-Ph2Si(0Me)-i-?r

F) Reactivitv of Orsanobis(benzene-1.2-diolatol Silicates:

Organobis(benzene-1,2-diolato) silicon complexes Na+[RSi(-0 C6H4 0 )2 ]" were 

found to be very reactive towards organometallic reagents and hydrides^ 1. An 

excess of hydride leads to trihydrogenosilanes. Reaction with three moles of 

organolithium reagent or allyl and alkynyl magnesium bromide leads to the 

tetrasubstituted product. A one-pot procedure for the synthesis of hydrosilane has 

been reported^^^ using alkyImagnesium bromide activated by Cp2TiCl2 - Primary 

Grignard reagents lead to monohydrosilanes while secondary and tertiary Grignard 

reagents lead to dihydrosilanes (Scheme 1.21).

3-BuLi
RSiBug"*
R=Ph

PhSiHg
R=Ph

RSi(C=CPh)3-* 
R=Me

n-BuMgBr

CpzTiCl.

s-BuMgBrL1A1H4
CpzTiClo

t-BuMgBr
3PhC=CMgBr

CpzTiClz

► n-Bu2SlRH 

R=Ph, Me

^  s-BuSiRH2 
R=Ph

^  t-BuSlRH2 
R=Ph, Np

Scheme 1.21
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G) Reactivitv of Silatranes:

Silatranes (1.27)109,110 (cyclic organosilicon ether of tris(2-oxyalkyl)amines) and 

their derivatives constitute a class of neutral pentacoordinate silicon compounds by 

virtue of the transannular interaction between the silicon centre and the nitrogen

(1 .2 7 )

group. Frye et a im  first reported the conversion of 1-chlorotribenzosilatrane to 

1-aryloxy derivatives with phenols. Voronkov and c o w o rk e r s h av e  performed 

an exchange reaction of 1-chlorosilatranes with potassium fluoride in HMPA which 

gives the corresponding fluoro derivatives.

KF + ClSi(OCHMeCH2)n(OCH2CH2)3-nN

FSi(OCHMeCH2)n(OCH2CH2)3-nN + KCl 

(n= 0,1 and 3)

The NMR data has shown! 1̂  that the Si-I bond in 1-iodosilatrane is highly 

polarized which suggests that this compound is more electrophilic than 

trimethyliodosilane. This compound has been treated directly with different 

reagents leading to various organosilicon c o m p o u n d s a s  shown in 

Scheme 1.22.
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RC=cii(OCH2CH2)3 -----1 ,— ^ ---► r IÏcÔcH ^ hT ^

ICH2 (CH 2 )n OSi(OCH2 CH 2 )3 N  y / / — ^ ^  S i O § ï ( Ô c î ^ % ^

RSSi(OCH2CH 2)3 IS i(0C H 2 CH2 )s N  M e C H I0 S i(0 C H ^ H 2  >3 N

MeC00Ai(0CH2CH2 >3 N -<  ihl / j  ^ RO^KOCI^CH )̂^?!

RO^i(OCH2CH2)3N "< ‘ \ _ W ------^  CF3 COOSi(OCH2CH2)3 N

(i) RC=CH; (ii) CH2(CH2)nO; (iii) RSM, M=H. Na; (iv) MeCOOEt; (v) ROM 

M=H, Na; (vi) RR^Hg; (vii) (Me3Si)2 0 ; (viii) MeCHO; (ix) ROrI;

(x) (GF3C0 )2 0

Scheme 1.22

Corriu et all 17 have reported the reactions of hydro, organyl and halosilatranes 

with organolithium and organomagnesium reagents. The reactivity of 

hydrosilatranes with different nucleophiles are shown in Table 1.1. The order of 

reactivity of nucleophilic reagents was nBuLi/12-crown-4»nBuLi>nBU2 Mg ~ 

nBuMgBr. Cleavage of the equatorial bonds occurs more readily than that of the 

apical Si-H bonds.
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Table 1.1 Reactions of hydrosilatrane with organometallic compounds in THF

Entry Reagents
(molar equivalent)

Temp
('C)

Time
(h) RsSiH

Yield (%)
R4Si

1 nBuLi (5) 20 1 66, 22

2. nBuLi (3.2) 20 1 90 10

3 nBuLi (3.2) 0 24 62 -

4 nBuLi (2) 20 24 34 -

5 nBuLi (1) 20 24 24 -

6 nBuLi/12-crown-4 (3.2) -50 1 87 -

7 nBuLi/12-crown-4 (3.2) -78 24 84 2

8 nBuMgBr (3.2) 20 24 78 -

9 nBu2Mg (3.2) 20 24 81 -

10 PhLi (5) 20 20 - 68

They have also s h o w n !  H  that a fairly high yield of tetraorganosilane was obtained 

when nBuLi was treated with various organylsilatranes (Table 1.2). With 

vinylsilatrane there was simultaneous substitution of the Si-0 bonds and addition 

of nBuLi to the C=C bond (entry 4), while tBuLi involves only addition to the C=C 

bond at -78°C, with no attack on the silatrane ring (entry 5).
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Table 1.2 Reactions of organylsilatranes with an excess of an organometallic 

reagent (3.5 molar equivalents) in THF

Entry R Reagent Temp. Time Product Yield
(°C ) (h) (%)

1 nBu ^ M g B r 30 4 "B uSi(-^)3 70
2 nBu "BuLi 20 4 "Bu^Si 70
3 "BuLi 20 0,5 61

4 CH2=CH "BuLi 20 0,5
I  "Bu-^^Si(O CH 2CH 2)3N  
\  "B iK ^^Si°B u3

17
30

5 CH2=CH ‘BuLi - 7 8 2,5 'Bu^"^Si(OCH2CH2)3N 81
6 Ph-CH2 "BuLi 20 4 Ph-CH2Si"Bu3 75
7 Ph-CH2CH2 '^BuLi 20 4 Ph-CH2CH2Si"Bu3 92

Chloro- and bromosilatranes were found to react with nBuLi to give, after 

reduction with LiAlH^, tri-n-butylsilane as the major product even in presence of 

excess nBuLi (Table 1.3). A poor yield of nBu4 Si was obtained from reaction of an 

excess of nBuLi on chlorosilatrane after prolonged reaction (entry 3).

Table 1.3 Reactions of halosilatranes XSi(OCH2 CH2 )3N with nBuLi in THE 

followed by LiAlFüt reduction

Entry X Reagent Temp. Time Yield (Vo)
(molar eqiuvalent^) (°C) (h) nBu3SiH nBu^Si

1 Cl nBuLi (1) 20 24 6 <1
2 Cl nBuLi (3.2) 20 24 56.4 2.5
3 Cl nBuLi (5.5) 20 48 74 10
4 Br nBuLi (3.2) 20 24 44 2.5
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H") Neutral Pentacoordinated Silicon Hydrides as Reducing Agents:

Eabom et a l l h a v e  suggested that hydrosilatranes can act as reducing agents for 

carbonyl compounds and organic halides, in contrast to tetracoordinated 

hydrosilanes, which do not exhibit any reactivity towards alcohols, acid or carbonyl 

groups.

The hydrosilane(1.28) exhibits high reactivity towards alcohols, acids and carbonyl 

groups without any activation. (Scheme 1.23)11^. Under the same conditions 

tetracoordinate dihydrosilanes do not react at all.

Reaction of 1.28 with carbon dioxide is facile and from which the silyl ester of 

formic acid 1.29 has been isolated and characterised. The same compound was 

obtained from the reaction of 1.28 with formic acid. The thermal decomposition of

Ph,Ph

Si(H)OS
SOH
S=R, RCO

NMe. NMe.

PhPh,\ ArCHO

NMeNMe.

Scheme 1.23

this ester gave H2C=0 and trisiloxane (1.32). When the reaction was performrd in 

the presence of hexamethylcyclotrisiloxane, the adduct 1.31 corresponding to 

insertion of the silanone into the Si-0 bond was observed.
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The mechanism proposed is shown in Scheme 1.24. Formation of silanone (1.30) 

from hypervalent silicon compound 1.29 is proven by formation of 1.31 and 1.32.

Ph OCOR

•Si H
RCOOH(1.28)
R=H, alkyl NMe.

o=c=o (1.28)

Ph\  O—SiM%
Me^N' 6  SiMej

S i - 0 ^
MC2

(1 .3 1 )

o (̂MêSiO)̂

RCHO

Ph T

Si— 6

"Me-

Ph Ph

(1 .3 0 )

NMe2

(1 .3 2 )

Ph

Scheme 1.24

i) Reaction of pentacoordinate allvlsilicates with aldehydes

K i r a  e t  ^120 have found that lithium salts of bis(l,2-benzenediolato)allylsilicates 

react with aromatic aldehydes chemoselectively to give the corresponding 

homoallyl alcohols in a regiospecific and highly diastereoselective manner. They 

synthesised the allyl silicates by treating allylchlorosilane and dilithium 

catecholate as shown in Scheme 1.25.
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o

PhCHO

OH

Ph"

Rl=H, CHs 

R2=H, CHs

They proposed a six-membered cyclic transition state formed due to enhanced 

nucleophilicity of the y-carbon of the allylsilicates as well as by the significant 

Lewis acidity giving hexacoordinate silicates as shown in Figure 1.9
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r 2  Ph

Li

Figure 1.9

There is now a significant body of evidence suggesting that silanes can be 

activated by coordination which enhance the electronegative, electrophilic character 

of the remaining substituents whlist increasing the electrophilicity of the silicon 

atom.



SECTION A

An NMR Spectroscopic Method fo r  Mapping Reaction in Solution
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2.1A TNTRODTJCTTON:

Burgi^5 was the first to map the reaction pathway of the Sn2 nucleophilic 

substitution on the basis of X-ray data for complexes with intermediate 

(tetrahedral vs trigonal bipyramidal) coordination. Later this ‘structural 

correlation’ approach was applied to organotin^^ and organosilicon ■ 

compounds^^"^^. The essence of the method is that bond lengths and angles for a 

series of structurally related model compounds were compared and used to infer 

coordination and bond angle changes during the course of a reaction.

As described in chapter one Macharashvili et al̂ O have used the correlation 

technique developed by Burgi^^ to analyse a series of crystallographic studies of 

N-(halogenodimethylsilylmethyl) lactams. Briefly, this method consisted of an 

analysis of structural parameters in the solid state complexes as the geometry 

changes from tetrahedral to trigonal bipyramidal along an Sn2 like reaction profile. 

Their^O X-ray studies showed that Si-0 and Si-X (X = I, Br, Cl, F) distances at 

the pentacoordinate silicon atom in N-(halogenodimethylsilylmethyl)lactams vary 

over a wide range (1.749-2.461 and 3.734-1.652 Â respectively) in the series X =

I-> Br-> Cl—> F. The coordination at the silicon atom changed from (4+1, when X 

=1, Br) i.e., somewhat distorted tetrahedral through trigonal bipyramidal (3+2, 

when X =C1), and back to the distorted tetrahedral, but with inverted, (1+4, X =F) 

coordination.

We sought to develop a method that would enable the progress of a particular 

reaction to be mapped in solution by preparing series of compounds that represent 

species ‘frozen’ at various points on the reaction profile. Whereas X-ray
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crystallography gives very detailed structural information, solution studies will 

necessarily be more qualitative. Nevertheless we have produced a system in 

which the progress of a nucleophilic substitution from reactants to products, 

through intermediates, can be monitored in solution by studying ^H, and 29si 

NMR data in a reasonably quantitative manner.

2.2A RESULTS AND DISCUSSION:

For a system R-Si-X undergoing substitution to R-Si-Nu in reaction 

(Scheme 2.1A) the minimum requirements for studying the progress of reaction are 

i) a measure of the extent of Nu-Si bond formation (and or Si-X bond breaking) 

and ii) a measure of the coordination state of the nucleus Si.

R" ■Si -X -  R

Scheme 2.1 A

R Si -Nu

The coordination state of Si can usually be determined from the chemical shift of Si. 

The extent of Nu-Si bond making is more difficult to measure. In a chelating 

system. Scheme 2.2A, the extent of coordination of Nu can be estimated with some

GNu
X

■Si

Scheme 2.2A
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accuracy if it is accompanied by a significant change in the nature of the molecule, 

as for example in an aromatization. We chose, the 2-pyridone molecule which can 

undergo the following changes (Scheme 2.3A).

■SiMejX

(2.1A)

 Si‘Me2

X

(2.2A)

'N+
X '

'O

-SiMe2

(2.3A)

Scheme 2.3A

Compounds (2.1 A), (2.2A) and (2.3A) could be in equilibrium as shown in 

Scheme 2.3A, but it is possible that there is a continuum of structures of which 

2.1A, 2.2A and 2.3A represent the extremes as the O-Si bond is made and the 

Si-X is broken. The major assumption is that, as the reaction progresses from 

2.1A to 2.3A the NMR chemical shifts in the ring can be closely approximated by 

the chemical shifts of an appropriate mixture of the model compounds such as 

(2.4A) and (2.5A).

^ N ^ O

CHq

TfO'

N"" OSiMeg 

CH3

(2.4A) (2.5A)
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Figure 2.1 A and Table 2.1 A shows the NMR chemical shifts changes as 

N-methyl-2-pyridone, 2.4A in CDCI3 , was titrated with successive amounts of 

trimethylsilyltriflate (MegSiOTf) to give 2.5A. N-Methyl-2-pyridone can be 

thought of as a cyclic amide or as an N-substituted pyridine. It can be drawn in two 

tautomeric forms (Scheme 2.4A) although the 0 x0  tautomer (Scheme 2.4AX) is the 

predominant one^^^.

N
I

CH3

2

O

CH.

(X) (Y)

Scheme 2.4A

The proton and carbon-13 NMR chemical shift changes that occur in N-methyl- 

2-pyridone, as a result of silylation by trimethylsilyltriflate are shown in Table 

2.1 A. There was an equilibrium between the silylated pyridone and the pyridone 

when 0.6 equivalent of trimethylsilyltriflate was added to N-methylpyridone as 

shown in Scheme 2.5A. The equilibrium was fast on the NMR time scale, so we 

observed only one set of signals in the carbon-13 NMR between the two 

extremes.
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TfO‘

'N"* OS1M63 

CH3 

2.5A

Scheme 2.5A

A general deshielding was observed in the proton and carbon spectra except for 

C-3 and C-2. The carbonyl carbon was substantially shifted to high field in the 

silylated species, implying that the double bond character of the carbonyl group has 

been reduced. The variation of the chemical shift observed in the remaining carbons 

may be rationalised by assuming that the positive charge produced by silylation 

was delocalised, mesomerically and inductively, into the ring system, the inductive 

effect being more pronounced at those carbon atoms which are closer to the amide 

moiety.

When succesive amounts of trimethylsilyltriflate was added to N-methylpyridone, 

there was an equilibrium between the pyridone and silylated pyridone as shown in 

Scheme 2.5A The silicon-29 chemical shift was same for all the ratios of 

pyridone rsilane up to 1 :1  which showed that a) there was only one silicon 

environment during the process of silylation as complete silylation occured at all 

mole ratios and b) equilibrium between 2.4A and 2.5A is rapid on the NMR time 

scale. There was therefore only one resonance for each of the carbon atoms C-2, 

C-3, C-4, C-5 and C- 6  in any mixture of 2.4A and 2.5A. There was a very good 

linear correlation between the chemical shifts of the carbon nuclei in a mixture of 

2.4A and 2.5A and the mole fraction of 2.5A (Figure 2.1A).
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g

a?

O
O
' i
0^

1:0.
c -2 C-3 C-5

1:0.2 -

1:0.4-

1:0.6 -

1:0 .8-

1 2 0

Carbon-13 chemical shifts 5/ ppm 

Figure 2.1 A Carbon-13 chemical shifts changes during silylation of 

N-methyl-2-pyridone

We have made the assumption that the 0-Si bond in the 2.1A-2.3A manifold 

was X percent formed (“extent of reaction” x%) if the pyridone ^^C resonances 

indicated x percent 2.5A (0.x mole fraction of 2.5A). This “extent of reaction” was 

then correlated with the coordination state of Si, as measured by the NMR 

chemical shift of Si. This extent of reaction is valid both in the case where 

2.1A-2.3A were in equilibrium and for the case where there was only one structure 

somewhere on the 2.1A-2.3A continuum.

That the assumptions were firmly based was demonstrated by the compounds 

2.6A, 2.7A and 2.8A.



51

C H ^ S iC l,M e 3 . ,

(2 .6 A) n=l 
{2,1 A) n=2 
(2.8A) n=3

When 2 -trimethylsiloxypyridine (2.9A) was treated with chloromethylchlorosilane 

(ClCH2 SiClnMe3 -n), 2-pyridone derivatives (2.6A-2.8A) were obtained, with 

liberation of one equivalent of chlorotrimethylsilane (Scheme 2.6A).

(2.9k)

+ ClCH2SiCl„Me3.„ 

OSiMej
+ MegSiCl

CH2_siCl„M e3.„

(2.6A) n=l 
(2.7A) n=2 
(2.8A) n=3

Scheme 2.6 A

A similar mechanism like the synthesis of (0-Si)chloro[l-(l,1-dimethyl-2-acyl- 

hydrazonium)methyl]dimethylsilanes from 0 -trimethylsilylderivatives of 

carboxylic acid 1 ,1-dimethylhydrazides with chloromethyldimethylchlorosilane^^^ 

can be put forward for the formation of our pyridone derivatives as shown in 

Scheme 2.7A.
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aN OSiMej
+ ClCH2SiClnMe3_n

Me^SiCl + a.N ' 'O
J  I

a - r C H j— siM eg .A -i

aN-" 'O

'-P " ■SiMe3,„Cl„

Scheme 2.7A

There is ample evidence from X-ray crystallography that chelated amide 

complexes of dimethylchlorosilanes are five coordinated with bond orders of about 

0.5 for both Si-0 and Si-Cl bonds^®.

The chemical shifts of the ring carbon nuclei in 2.6A in CD3CN (C-2, 160.1; C-3, 

115.8; C-4, 139.3; C-5, 113.6; C-6 , 143.3) resembled closely those of an 

equimolecular mixture of 2.4A and 2.5A with chemical shifts differing by less than 

±1 ppm. from those in the mixture. This corresponded to an “extent of reaction” of 

about 50% for compound 2.6A. There was an excellent correlation with C-5 and 

C- 6  chemical shifts where the differences between 2.4A and 2.5A were greatest 

and a fair correlation with C-3 and C-4 (Table 2.2A). The correlation with C-2 was 

generally poor for chelated compounds such as 2.6A-2.8A.

Table 2.2A Carbon-13 chemical shifts (Ô ppm) of compounds 2.4A-2.6A.

Compound C-2 C-3 C-4 C-5 C - 6

2.4A 162.8 1 2 0 .0 139.1 105.6 139.7
2.6A 160.1 115.8 140.0 113.6 143.3
2.5A 157.2 114.0 143.8 119.0 148.0
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The NMR spectrum of 2.6A was a sharp single resonance at about -41 ppm. 

which was the evidence of pentacoordination at silicon^^. The silicon-29 chemical 

shift for MegSiCl is 35.0 ppm and we therefore observed about 70 ppm upfield in 

compound 2.6A relative to the expected shift for a four coordinate chlorosilane. The 

^^Si and NMR spectra of 2.6A were temperature independent (Table 2.3A) 

and a solution of 2.6A in acetonitrile does not conduct electricity. The compound

Table 2.3A Variable temperature NMR Data for chlorodimethvlsilvlmethvlpvrid- 

2-one (2.6A1

Ô (ppm)
RT

Temperature (°C) 
-50 +50

H-3 6.9 6.9 6.9
IH H-4 7.9 7.9 7.9

H-5 6 .8 6.7 6.7
H - 6 7.7 7.6 7.6
NCH2 3.7 3.7 3.7
SiMe 0.64 0.63 0.65

C-2 160.1 160.0 160.0
%  C-3 115.8 113.6 113.6

C-4 140.0 139.3 139.3
C-5 113.6 115.7 115.7
C - 6 143.3 143.3 143.2
NCH2 42.2 42.1 42.2
SiMe 7.5 7.5 7.5

29Si SiMe -41.1 -41.0 -41.0

Quantities used:
(2.6A) : 2 mmol
Solvent : CDCI3+CD3CN, 1:1, 2 ml
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2.6A being unequivocably five coordinate at silicon confirmed that the changes in 

the 3̂ (2  NMR pyridone ligand with increasing 0-Si coordination was consistent 

with those observed for a 2.4A, 2.5A equilibrium or intermediate species. For 

2.6A, the 0-Si bond was about 50% formed and the structure corresponded to 

2.2A (Scheme 2.3A).

It is well established that the tendency to five coordination increases in the order 

R3SiCl< R2 SiCl2 < RSiCl]^^. The expectation for the series 2.6A-2.8A was that as 

n increases, the 0-Si and Si-Cl apical bond lengths would decrease^^ as the 

complexes increasingly resembled stable five coordinate compounds with all bond 

orders approaching unity. The NMR chemical shifts of 2.7A in CDCI3 (C-2, 

162.2; C-3, 114.5; C-4, 139.0; C-5, 113,9; C-6 , 144.8) suggested about 65% bond 

formation, and those of 2.8A in CDCI3 (C-2, 160.8; C-3, 114.0; C-4, 140.0; C-5, 

115.4; C-6 , 146.1) about 75% 0-Si bond formation. Figure 2.2A shows the

2  0 -

crOu_
az
om
O
03
u.
O

111
5UJ

20

100

0 K A A

0 ■ X A# 2.6A

0 ■ X »  2.7 A
0 ■ X ^  2.8A-

. ■ .......—--- --- - -----

2.4A

1 70 1 60 1 50 140 130 1 20 1 1 0
2.5A

1 0 0

c -2
C-3
C-4
C-5
C-6

Carbon-13 chemical shifts 

Figure 2.2A Extent of Si-0 bond formation for compounds 2.4A-2.8A
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variation in 0-Si bond formation for the series 2.6A-2.8A. The ^^Si NMR Chemical

shifts -52.4 and - 11.1 ppm for 2.7A and 2.8A respectively were entirely consistent

with fully pentacoordination at silicon.

It has also been observed that as the extent of reaction increases from 2.6A-2.8A 

while maintaining the five coordination at silicon, the silicon atorn becomes more 

susceptable to addition than substitution. Addition of N-methylimidazole (NMI) to 

2.6A gave a substitution product (Table 2.4A), while NMI with 2.8A gave the 

hexacoordinate addition product (Table 2.5A). When one equivalent of NMI was 

added to 1,1 A, a peak at -72.9 in ^^Si NMR was observed and assigned as due to 

substitution. An additional peak at -160.5 ppm was observed when 2 equivalent of 

NMI was added, and it was assigned for hexavalent silicon atom, (Table 2.6A) 

formed due to addition of NMI to the silicon atom as shown in Scheme 2.8 A.

NMI
n=l

NMI

NMI/ 2 eqv
n= 20

SiMeCliI

NMI/leqv

NMI

N+ "O

" 0
I

-Si-MeCl

NMI NMI

N+ ‘O
■SiCl.

I
NMI

 Si^-Me
NM I^ I

NMI

Scheme 2.8A
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These preliminary studies show that the mapping of nucleophilic substitution at Si 

in solution can therefore be modelled by studying the NMR spectra of a series of 

compounds 2.1A in which X is varied and substituents may be placed in thé ring to 

modify the nucleophilicity of the oxygen atoms. For each compound the extent of 

0-Si bond-making can be determined and the coordination state of Si may also be 

estimated. With a sufficiently large number of compounds a picture of the bond 

making and coordination changes during a reaction may therefore be assembled.

In the next section we show how this new method has been applied to map the 

structure of complexes in the series 2.1A, 2.2A, 2.3A during nucleophilic 

substitution at RSiMe2X.
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triflate TTMSOTf : NMR Data

Ô (ppm)

1 :0 1 :0 .2

Ratio of (2.4A) : Me3SiOTf 

1:0.4 1:0.6 1:0.8 . 1 :1

H-3 6.5 6 .1 6.9 7.2 7.5 7.5
IH H-4 7.5 7.2 8 .0 8.3 8.5 8.5

H-5 6 .2 5.8 6.7 7.0 7.3 7.4
H- 6 7.3 7.0 7.8 8 .1 8.3 8.4
NMe 3.5 3.7 3.8 3.9 4.1 4.1
SiMe - 0.55 0.56 0.56 0.56 0.54

C-2 162.8 162.3 161.1 160.0 158.3 157.2
13c C- 6 139.7 141.1 143.2 145.6 147.3 148.0

C-4 139.1 139.8 141.0 142.3 143.2 143.8
C-3 1 2 0 .0 119.1 118.0 ' 117.0 117.8 116.1
C-5 105.6 107.9 111.3 114.8 115.9 119.0
CF3 - nr 1 2 0 .1  q 1 2 1 .0 q 120.7 q 120.4 q

ĴCF - - 321 Hz 320 Hz 319.7 Hz 321 Hz
NMe 37.2 38.0 39.1 40.2 41.2 41.1
SiMe - 2 .0 2 .0 2 .0 2 .0 2 .0

29Si SiMe - nr nr 35.9 35.7 36.0(br)

Quantities used:
2.4A (mmol) 4 
MesSiOTf (mmol) - 
Solvent : CDCI3 , 2.0 ml

4
0 .8

4
1 .6

4
2.4

4
3.2

4
4
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N-methvlimidazole TNMD : NMR Data

Ô (ppm) Ratio of (2.6 A) : NMI 
1:0 1:0.5 1:1 0 :1

H-2 - 9.2 8 .8 7.4
IH H-4 - 7.5 7.4 7.0

H-5 - 7.3 7.2 6.9
N-Me - 4.1 4.0 3.7
H-3 6.9 6.9 6.9 -
H-4 7.9 8 .1 8 .2 -

H-5 6 .8 6 .8 6.5 -
H - 6 7.7 7.9 7.9 -
N-CH2 3.7 3.8 3.9 -
SiMe 0.64 0 .6 6 0.65 -

C-2 - 137.2 137.5 137.8
13c C-4 - 122.5 124.5 129.5

C-5 - 119.3 1 2 2 .0 1 2 0 .1

N-Me - 35.5 34.8 33.3
C-2 160.1 162.9 162.8 -
C-3 113.6 113.0 113.0 -
C-4 139.3 139.4 139.5 -
C-5 115.8 114.6 114.4 -
C - 6 143.3 144.0 144.1 -
N-CH2 42.2 42.6 40.1 -
SiMe 7.5 4.5 2.9 -

29Si SiMe -41.1 -48.8 (sbr) -54.2 -

Quantities used :
2.6A (mmol) 2 2 2 -
NMI (mmol)
Solvent : CDgCN, 2.0 ml

1 2 2
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N-methvlimidazole (NMD : NMR Data

ô (ppm) Ratio of (2.8A) : NMI
1 :0 1 :1 1 :2 0 :1

H-2 - 7.4 7.4 7.4
IR H-4 - 7.2 7.2 7.0

H-5 - 7.1 7.0 6.9
N-Me - 4.0 4.0 3.7
H-3 7.1 7.2 7.2 -
H-4 8 .1 9.0 9.0 -
H-5 7.0 7.3 7.3 -
H - 6 8 .0 8.2 8 .1 -
N-CH2 4.0 3.8 3.8 -

C-2 - 136.0 136.2 137.7
13c C-4 - 125.0 124.8 129.5

C-5 - 1 2 1 .8 1 2 1 .0 1 2 0 .1

N-Me - 35.5 35.4 33.3
C-2 160.8 160.0 160.2 -
C-3 114.0 114.7 114.5 -
C-4 140.0 141.0 141.0 -
C-5 115.4 116.0 116.0 -
C - 6 146.1 145.2 145.3 -
N-CH2 44.2 55.0 55.1 -

29Si SiCls -77.7 (sbr) -170.6 (sbr) -171.1 (sbr)

Quantities used:
2.8A (mmol) 2 2 -
NMI (mmol) - 2 2

Solvent : CDCI3 , 2.0 ml
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Table 2.6 A Interaction between dichloromethvlsilvlmethvlpvrid-2-one (2,1 and 

N-methvlimidazole /NMD : NMR Data

ô (ppm) Ratio of (2.7A): NMI
1 :0 1 :1 1 :2 0 :1

H-2 —— 9.4 8.7 7.4
IH H-4 — 7.5 7.4 7.0

H-5 — 7.3 7.3 6.9
NMe 4.1 4.0 3.7
H-3 7.0 7.7 7.5 - -

H-4 8 .0 8.3 8.3 - -

H-5 6 .8 7.2 6.9 - -

H- 6 7.9 8 .0 8 .0 ---

NCH2 3.9 3.8 3.7 - “

SiMe 0.95 1 .0 0.7 and 1.0 - “

C-2 —— 137.8 137.8 137.8
13c C-4 — 1 2 2 .8 123.1 129.5

C-5 — 115.3 1 2 0 .2 1 2 0 .1

NMe — 35.6 32.9 33.3
C-2 162.2 161.1 160.4 and 160.2 - -

C-3 113.9 114.1 112.0 and 113.0 - -

C-4 139.0 139.8 138.0 and 139.0 “ -

C-5 114.5 115.3 114.0 and 117.0 - -

C- 6 144.8 145.3 143.3 and 144.0 - -

NCH2 44.0 42.0 39.0 and 47.0 - -

SiMe 11.9 4.8 3.1 and 11.0 - “

29Si SiMe -52.5 (sbr) -72.9 -73.0 and -160.5 (sbr) - -

Quantities used:
(2.7A) (mmol) 2 2 2 - -

NMI (mmol) — 2 4 2

Solvent: CDCI3, 2.0 ml



SECTION B

A Map o f Nucleophilic Substitution at Silicon in Solution
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2.1B INTRODUCTION:

Reactions of trimethylhalosilanes with Lewis bases have been frequently 

investigated in order to gain information on donor-acceptor properties and the 

structure of the products. Additional interest has recently been shown in 

investigation of the question of the role of added nucleophiles in the racemization of 

chiral organosilanes and the nucleophilic substitution at silicon^^»^’̂ ^’̂ ^422-l25 

Three mechanisms have been proposed for nucleophilically-activated racemization 

and solvolysis of halosilanes. One mechanism involves expansion of coordination 

at silicon, involving ultimately hexacoordinated intermediate species 

(Scheme 2.1B)^, whüe another involves intermediate tetracoordinate ionic silicon

Nu
p i  f  Nu^ R i

_  d 2 N u_R^x_ 1 _ \RlR^R^SiX ^  - .2^ -  R %  X

i . *  ■‘’ ' " a .

intermediate or 
transition state

Scheme 2. IB

species with ionisation of the Si-halogen bond^. Recently, an alternative pathway 

for nucleophile-assisted racemization of halosilanes involving halide exchange has 

been suggested which led to an extention of the second mechanism as shown in 

Scheme 2.2B^. In spite of many studies in this field no clear distinction between 

the first two mechanisms can yet be made and so the mechanism of nucleophilic
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substitution at silicon is still controversial and an area of active current 

research^’̂ . In the previous section we have described the development of a model

RgSiX + Nu
inv +

inv

X ■( inv ) X '(  inv) Nu (inv)

[r jSI (Nu)] X

Nu (inv)

inv
R 3 S 1 X + N U

mv
jR jS iC N u)] X

+

Scheme 2.2B

for mapping of nucleophilic substitution at silicon in solution. In this section we are 

going to describe how the method has been applied successfully for the mapping of 

simple Sn2 nucleophilic substitution on a series of compounds of the type (2.1B) 

with different leaving groups and substituents on the ring on the basis of 

and 29si NMR data.

Y-

n-N ,
CH^— SiMezX

(2.1B) X= OR, F, Cl, Br, CF3 SO3

Y= H, 3-NO2, 3-OMe, 5-Cl, 6 -Cl, 6 -Me

2.2B RESULTS AND DISCUSSION:

When 2 -trimethylsiloxypyridine (2.2B) was treated with chloromethyldimethyl-
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silane (2.3B), 2-pyridone derivatives (2.4B, X= Cl, OTf) were obtained, with 

liberation of one equivalent of chlorotrimethylsilane as shown in Scheme 2.3B. The 

bromoderivatives (2.5B) were prepared by treating (2.2B) with 

bromomethyldimethylchlorosilane (Scheme 2.3B). We found that when (2.2B) was 

treated with chloromethyldimethylfluorosilane (2.6B) it gives chloro derivatives 

(2.4Ba) and trimethylfluorosilane. So the fluoro (2.7B) derivatives were prepared 

by treating either the bromo (2.5B) or chloro derivatives (2.4Ba) with antimony 

trifluoride (Scheme 2.3B). Similarly we have prepared dichloro(2.8B), 

trichloro(2.9B) and difluoro (2.10B) pyridone derivatives (Scheme 2.3B)

ClCHnSiMejF 
(2.6B)

MegSiF + (2.4Ba)

Y.

2
ClCH2SiMe2 X (2.3B)

N" 'OSiMes 
(2.2B)

X= Cl, OTf

Y-

BrCH2SiMe2Cl

SbF.

CH2— S iMe2 Br 

(2.5B)

Y-

(2.2B) -h ClCH2SiCl^Mc3:r O

SbFg
n= 2

CH2-SiMe3_^Cl^
(2.8B) n=2 
(2.9B) n=3

Y-

Y-

" - N ^ O
I

CI%— S lMe2 X

2.4B a) X=C1 
b) X= OTf

SbF3 ,X=Cl

jTY
I
CH— SiMejF 
(2.7B)

A
I

CH2-SiMeF2

(2.10B)

Scheme 2.3B



The mapping method involved the determination of the positions of a particular 

compound on the reaction continum, 2.11B, 2.12B, 2.13B by analysing the 

(or ^H) NMR chemical shifts of the pyridone ring and comparing them with 

model compounds for the extremes 2.11B and 2.13B.
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Y-

C H r-S iM e2X

(2.11B)

C B ^ S iM ^ X

(2.12B)

Y- X

P
CHr-SiMez

(2.13B)

We chose disiloxane (2.14B) whose ^^Si chemical shifts show that it is purely 

tetracoordinate as our model for our study. The model for (2.13B) was then 

prepared by silylation of (2.14B) with trimethylsilyl triflate. Tables 2.1B-2.6B 

show the carbon-13 chemical shifts changes during titration of disiloxane (2.14B; 

SiO) with successive amounts of trimethylsilyl triflate to obtain (2.15B; SiO+) 

(Tables 2.1B-2.6B)

5 / % , 3
Y-

N ' ^ O

(2.14B) Y=H
=3-OMe
=3-N02
=6 -Me
=5-Cl
=6 -Cl

O

Y-

OSiMe^ 
CH2-SiM% —

OTf

■O

(2.15B) Y=H
=3-OMe

=3-N02
=6 -Me
=5-Cl
=6 -Cl
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Table 2. IB Interaction between disiloxane (2.14B, Y=H1 and trimethvlsilvl 

triflate (MeiSiOTf) : NMR Data

ô (ppm) Ratio of (2.14B, Y=H): MegSiOTf
1:0 1:1 1:4

H-3 6.4 7.6 7.5
IR H-4 7.2 8.3 8 .2

H-5 6 .0 7.2 7.2
H - 6 7.1 8 .1 8 .0

NCH2 3.4 4.0 4.0
SiMe 0.16 0 .2 1 0 .2 1

C-2 162.2 162.5 16Z5
13c C-3 119.7 117.8 118.1

C-4 138.3 141.5 141.6
C-5 105.6 115.0 115.1
C - 6 138.6 146.9 147.1
CFs --- 119.0 119.0
ĴCF -  - 317.0 Hz 317.1 Hz

NCH2 42.4 42.5 42J
SiMe 0.63 0.40 Ojfl

29si SiMe 4.2 nr 2.5

Quantities used:
(2.14B, Y=H) (mmol) 2 2 2

MegSiOTf (mmol) 
Solvent : CDCI3 , 2.0 ml

2 8



66

triflate (Me^SiOTf) : NMR Data

5 (ppm) Ratio of (2.14B, Y=3-0Me) : Me3 SiOTf 
1:0 1:1 1:4

H-4 6.9 7.7 7.7
IH H-5 6 .1 7.2 7.2

H - 6 6 .6 7.5 7.5
OMe 3.8 4.0 4.0
NCH2 3.6 4.0 4.0
SiMe 0 2 0 0 .2 0 0.19

C-2 157.8 156.0 156.0
13c C-3 1 1 2 .2 122.7 123.1

C-4 149.7 146.6 146.8
C-5 105.1 116.6 116.9
C- 6 1293 130.8 130.9
OMe 55.8 57.2 57.2
CFs -  - 119.5 119.0
IJCF -  - 318.4Hz 317.1 Hz
NCH2 42.7 42.8 42.9
SiMe 0.40 0.98 0.75

29Si SiMe 3.4 nr 93

Quantities used :
(2.14B, Y=3-0Me) (mmol) 2 2 2

MegSiOTf (mmol) 
Solvent : CDCI3 , 2.0 ml

2 8
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triflate (MeiSiOTfl : NMR Data

ô (ppm) Ratio of (2.14B, Y= 5-Cl) : Me3 SiOTf
1 :0 1 :1 1:4

H-3 6 .2 7.1 7.1
IH H-4 7.2 8 .2 8 .2

H - 6 6.5 8 .0 8 .0

NCH2 33 4.1 4.1
SiMe 0 .2 0 0 .1 0 0 .1 0

C-2 160.9 161.6 161.7
13c C-3 120.5 123.5 123.9

C-4 13&9 146.4 146.7
C-5 112.4 115.5 115.7
C - 6 136.0 139.0 139.2
CFs - - 119.0 119.0

ĴCF 318.0 Hz 317.1 Hz
NCH2 43.1 429 43.0
SiMe 0.51 0.80 0.63

29Si SiMe 3.5 (sbr) nr 7 2  ^ibQ

Quantities used :
(2.14B, Y= 5-Cl) (mmol) 2 2 2

MegSiOTf (mmol) 
Solvent : CDCI3 , 2.0 ml

2 8
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Table 2.4B Interaction between disiloxane (2.14B, Y= 6 -Cl) and trimethvlsilvl 

triflate (MeiSiOTfl : NMR Data

d (ppm) Ratio of (2.14B, Y= 6 -Cl) : Me3 SiOTf
1 :0 1 :1 1:4

H-3 6.5 7.3 7.4
IH H-4 7.2 8 .1 8 .1

H-5 6.4 7.1 7.2
NCH2 3.8 34 3.9
SiMe 0 .2 0 0 .1 0 0.17

C-2 162.8 161.0 163.5
HC C-3 117.0 116.3 117.4

C-4 137.9 145.8 146.4
C-5 106.9 113.3 112.3
C - 6 137.9 141.8 142.5
CFs -  - 119.0 118.9

Hcf -  - 318.0 Hz 317.0 Hz
NCH2 393 41.5 41.4
SiMe 0.92 1.61 -  -

29Si SiMe 3.5 (sbr) nr 7.2 (sbr)

Quantities used :
(2.14B, Y= 6 -Cl) (mmol) 2 2 2

MegSiOTf (mmol) ■ — 2 8

Solvent : CDCI3+CD3CN (1:1), 2.0 ml
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triflate CMeiSiOTf) : NMR Data

ô (ppm) Ratio of (2.14B, Y= 
1:0 1:1

3 -NO2 ) : Me3 SiOTf
1:4

H-4 8.3 8.8 83
IH H-5 63 7.2 7.2

H-6 8.0 &5 8.5
NCH2 3.7 3.9 4.0
SiMe 0.15 0.10 0.10

C-2 154.9 158.1 1582
13c C-3 1382 135.8 135.0

C-4 146.1 146.9 147.0
C-5 103.7 114.3 114.6
C-6 1382 142.4 142.5
CF3 “ - 1 2 0 .0 119.4

-  - 318.4 Hz 317.1 Hz
NCH2 44.5 42.4 42.5
SiMe 0.57 -  - -  -

29Si SiMe 5.0 nr 2 .6

Quantities used:
(2.14B, Y= 3 -NO2 ) (mmol) 2 2 2

MegSiOTf (mmol)
Solvent : CD2 CI2 +CD3 CN, (1:1), 2.0 ml

2 8
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triflate (MeiSiOTf) : NMR Data

ô (ppm) Ratio of (2.14B, Y= 
1 :0  1 :1

6 -Me) : Me3SiOTf 
1:4

H-3 6 .6 7.2 7.2
IH H-4 7.4 7.9 8 .0

H-5 6.3 7.0 7.0
Me 2.5 2.7 26
NCH2 3.5 33 33
SiMe 0.29 0 2 0 0.32

C-2 163.2 162.7 163.8
13c C-3 114.2 116.9 119.5

C-4 147.5 151.3 1529
C-5 109.6 1 1 1 .6 112.4
C - 6 139.9 145.1 147.4
CFs -  - 119.0 118.1
ĴCF -  " 318.1Hz 317.0 Hz

Me 21.4 203 21.3
NCH2 382 39.9 403
SiMe 2 2 2 0 -  -

29si SiMe 4.2 nr 7.4 (sbr)

Quantities used :
(2.14B, Y= 6 -Me) (mmol) 2 2 2

MegSiOTf (mmol) 
Solvent : CDCI3 , 2ml

2 8
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Figure 2. IB shows the variation of the extent of reaction (i.e., the extent of Si-0 

bond formation) for the unsubstituted pyridones 2.1B (Y= H, X= F, Cl, Br, 

CF3 SO3). The extent of reaction followed the expected order^’5 with the leaving 

group ability falling in the order OTf > Br > Cl > F. Figures 2.2B and 2.3B shows 

the same effect, but for 3 -NO2  and 6 -Me substituted pyridones respectively. In 

each case the zero and 100% reactions refer to the appropriate (2.14B) and its 

silylated derivative (2.15B). The same general trend in leaving group ability was 

followed in both cases, but the relative extent of reaction was modified by the 

substituent. With the strongly electron-withdrawing 3-N0% group the extent of 

reaction for each leaving group was significantly less than for the unsubstituted 

series. Conversely, the reactions were more advanced for the electron donating 6 - 

Me series. For example, the extent of reaction for fluorides was 12% for 3 -NO2 ; 

30% for H and 45% for 6 -Me; for the chlorides 40%, 3 -NO2 ; 50%, H and about 70%, 

6 -Me. The Si-0 bond in 3 -NO2  substituted süyl triflate was only 80% formed, 

whereas for the H and 6 -Me derivatives it was around 90% formed. The extent of 

reaction in the case of 6 -Cl, 5-Cl, and 3-OMe are shown in figures 2.4B-2.6B. We 

found that in the case of fluorosilyl pyridones the substituent effect decreases in 

the order 6 -Me > 6 -Cl > H > 5-Cl > 3-OMe > 3 -NO2 and in the chloride series 

the order was 6 -Me > 5-Cl > 6 -Cl = H > 3-OMe > 3 -NO2 . The spectra of the 

fluoride series were obtained both in CDCI3 and CD3 CN and there was almost no 

difference in chemical shifts between the spectra in different solvents. But there 

was a problem with solubility in the bromide series and a variety of solvents 

including methanol was used. Although solvent was not an important factor in 

determining the extent of reaction in the fluoro series it may be in others. So 

variations in solvent made direct comparison difficult between two differently 

substituted bromides.
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Figure 2. IB Variation of C-13 chemical shifts with extent of reaction for

unsubstituted silylpyridones (2.1B, Y=H)
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a a
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Flaire 2.2B Variation of C-13 chemical shifts with extent of reaction for

3 -NO2 silylpyridones (2.1B, Y=3-N02)
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Figure 2.3B Variation of C-13 chemical shifts with extent of reaction for 

6-Me silylpyridones (2.1B, Y=6-Me)
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Figure 2.4B Variation of C-13 chemical shifts with extent of reaction for

6-Cl silylpyridones (2.1B, Y=6-C1)
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Eisurç 2.^B Variation of C-13 chemical shifts with extent of reaction for 

5-Cl silylpyridones (2.1B, Y=5-C1)
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Figurg 2.6B Variation of C-13 chemical shifts with extent of reaction for 

3-OMe silylpyridones (2.1B, Y=3-0Me)
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The 6-Cl substituent in 2.1B is electron supplying by the resonance effect, which 

particularly pronounced in the 6-position. It increases the nucleophilicity at oxygen 

as shown in Scheme 2.4B and hence the extent of reaction also increase 

accordingly. On the other hand the 3-OMe group is electron withdrawing by the

Cl- N ' ' ^ 0
«AAAAAA/* VXAAAAA/*

Scheme 2.4B

«AAA/WW*

'O
«AAA/V\A/*

OMeOMe

Scheme 2.5B

inductive effect which decreases the nucleophilicity at oxygen and hence the extent 

of Si-0 bond formation decreases. Scheme 2.5B shows that the resonance electron 

supply of the OMe group cannot affect the C=0 bond in the way that occurs with 

the 6-Cl substituent.
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The question arises as the nature of the species being studied. There could be two 

possible explanations. Either there is a continuum of structures as the Si-X bond 

extends and the 0-Si bond forms, or there is an equilibrium between 

2.11B 2.12B and 2.12B ^  2.13B which in view of the single sets of

resonances in NMR spectra of each nucleus, must involve rapid exchange on the 

NMR time scale. X-ray structural analysis^^ on chelated pentacoordinate silyl 

amides showed that the Si-Cl bond length increases as the 0-Si bond length 

decreases. It is reasonable to assume that the solutions structures could be 

similarly hybrid. But we do not have any definitive evidence to support this 

hypothesis. If there would have been an equilibrium, then the solution of bromosilyl 

pyridones would have been approximately 50% 2.13B, but conductivity study has 

shown that it was non ionic. So, there could be a continuum of structures rather 

than equilibrium. But a slightly broadened peak in silicon-29 NMR observed for 

2.5B, (X=H) could not be explained in terms of continuum structures but it could 

be an effect of the quadrupolar bromine. Triflate derivatives were found to be ionic 

and showed high conductivity. A continuum of structures appears to be more 

appropriate than equilibria between 2.11Bf=^ 2.12B or 2.12B f=^2.13B.

In order to map completely the progress of the reaction it was necessary to 

correlate the Si-O bond formation with the coordination state of silicon. The X-ray 

crystal structure of (2.16B) has been reported^S and found that the one silicon 

atom is completely pentacoordinate^^’̂ ®. We measured the silicon-29 NMR 

chemical shifts in CDCI3 and found that the pentacoordinate silicon atom has a 

resonance at -39.9 ppm and the four coordinate silicon atom appears at 26.8 ppm. 

The silicon-29 NMR chemical shifts of the unsubstituted and 6 -Cl substituted
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O  SiMcoCl

V«— SiM efl 

(2.16B)

chlorosilane, 2.1B both appeared at -41 ppm and their extent of reaction measured 

by carbon-13 NMR, were both 50%. The maximum extent of pentacoordination 

was observed in 6-Cl substituted chlorosilanes (2.1B). The 'extent of reaction' 

was least advanced with the electron withdrawing 3-OMe group, then proceeds to 

a fully pentacoordinate intermediate with H and 6-Cl substituents, and then 0-Si 

bond formation advanced significantly with the 6-Me substituent with ultimate 

weakening of the Si-Cl bond. We used these results to estimate the 'extent of 

pentacoordination' at silicon. The silicon-29 chemical shifts of MegSiF, MegSiCl, 

MegSiBr and the tetracoordinate silicon in 2.16B all appear within ±2 ppm of +28 

ppm, which was used as the limiting value for 0% coordination. The assumption 

was that -40 ppm represents complete pentacoordination for all derivatives F, 

Cl,and Br. This was reasonable in view of the chemical shift of both the 6-Me 

substituted fluorosilanes, 2.1B, with 5 ^^Si -35 ppm and 40% reaction from 

13c NMR data, and 5 %9Si -27 ppm for the 3-N02 substituted bromosilane, 2.1B, 

with an extent of reaction about 60% from carbon-13 NMR data. A silicon-29 

NMR chemical shift of, say -4 ppm was taken as the mean value of the two 

extremes, 2.11B and 2.12B, and represented 50% pentacoordination while 

-40 ppm represented 100% pentacoordination. The limiting value of the silicon-29 

NMR chemical shift of 2.13B was taken to be +40 ppm from the chemical shift of 

0-trimethylsilylated-N-methyl pyridone. For species on the 2.12B, 2.13B
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manifold the silicon-29 NMR chemical shift range was assumed to be -40 ppm and 

+40 ppm, and the extent of pentacoordination for intermediate species was readily 

obtained- For example, the silicon-29 chemical shift of unsubstituted silyl fluoride 

(2.7B, Y=H) was -22.3 ppm (with Si-F coupling constant 256.8 Hz). So the 

extent of pentacoordination was about 60% . The silicon-29 chemical shift of 

unsubstituted silyl chloride (2.4Ba, Y=H) was -41.1 ppm and hence the extent of 

pentacoordination was 100%. Similarly the silicon-29 chemical shifts for bromide 

(2.5B, Y=H) and triflate (2.4Bb, Y=H) derivatives were -18.4 and 32.3 ppm 

respectively. The respective extents of pentacoordination were 70% and 5%. For 

the whole series of compounds, 2.1B, the extent of pentacoordination at silicon 

was calculated as describe above, and correlated with the extent of reaction as 

determined by carbon-13 chemical shifts. Figure 2.7B shows the complete mapping 

of substitution at 2.IB. The Figure shows that the extent of reaction increases

Fjgli.re 2.7B Mapping of nucleophilic substitution at silicon

a
' c0
issC
1oO
ac<ucx
o
c
BX

100 -

o F(Si) 
o Cl(Si)
+ Br(Si)
- TfO(Si)

100

Extent of reaction (%)
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gradually when the leaving group changes from F—> CW  Br—> OTf. The extent of 

pentacoordination increases with the increase of extent of reaction and it was 

maximum at a certain point and then decreases again to almost 0%. We observed 

that the extent of pentacoordination was highest (about 100%) when the extent of 

reaction was about 50%. The approach to the pentacoordinated intermediate was 

characterised by the fluorosilanes, which were the least powerful leaving groups; 

the chlorides were clustered around the pentacoordinate intermediate position; the 

bromides all have about 70% reaction, and finally the triflates, which are excellent 

leaving groups, were almost fully reacted. The reaction therefore proceeds through 

a genuine pentacoordinate intermediate as was confirmed by silicon-29 NMR 

chemical shifts.

It is well established that the tendency to five coordination increases in the order 

RgSiCl<R2 SiCl2 < R S iC lg . We observed similar results with our silyl pyridones. 

For example, the unsubstituted difluoride (2.10B) and chloride (2.8B) silyl 

pyridones found to be more five coordinate compared to their respective 

monofluoride (2.7B) and chloride (2.4Ba). The extent of reactions are also greater 

for the dihalosilyl pyridones compared to monohalosilyl pyridones and the results 

are shown in Figure 2.8B. Similar results were obtained for 3-OMe, 5-Cl, and 6-Cl 

derivatives and the results are shown in Figures 2.9B-2.11B.

The effects of temperature on some of our new compounds have revealed 

interesting facts, especially in the case of fluoro (2.7B) and bromosilyl pyridones 

(2.5B). The silicon-29 NMR spectrum of (2.7B) and (2.5B) showed changes 

between -60° and +60°C. The proton and carbon-13 positions were relatively 

temperature independent. The silicon-29 NMR showed that the silicon atom of 

fluoro and bromo pyridones becomes more five coordinate at low temperature and



Figure 2.8B Comparision of carbon-13 chemical shifts of unsubstituted, difluoro 

(2.10B) and chloro (2.8B) silyl pyridones with their respective 

monofluoro (2.7B) and chloro (2.4Ba) silyl pyridones.
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Hgure 2.9B Comparision of carbon-13 chemical shifts of 3-OMe difluoro

(2.10B) and chloro (2.8B) silyl pyridones with their respective 

monofluoro (2.7B) and chloro (2.4Ba) silyl pyridones.
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Figure 2.10B Comparision of carbon-13 chemical shifts of 5-Cl difluoro

(2.10B) and chloro (2.8B) silyl pyridones with their respective 

monofluoro (2.7B) and chloro (2.4Ba) silyl pyridones.
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Table 2.7B and 29Si NMR chemical shifts (5/ ppm) of fluorodimethyl-

silylmethylpyrid-2-one (2.7B, Y=H) at varions temperatures.

Compound Temp.
(°C)

NMR Data

(2.7B, Y=H) RT IH 0.32 (d, 3jHSiF=6.8 Hz, 6H, SiMei), 3.2 (s, 2H, 

NCH2), 6.5-7.7 (m, 4H, arom)

13c 1.8 (d, 2JcsiF=25.0 Hz, SiMe), 39.5 (d, 

%SiF=44.0 Hz, S1Œ 2), 109.0, 116.8,139.1, 

141.4,163.2

29Si -22.3 (d, lJsiF=256.8 Hz)

+54 IR 0.31 (d, 3jHSiF=6.8 Hz, 6H, SiMe2), 3.2 (d, 2H, 

NCH2), 6.5-7.6 (m, 4H, arom)

13c 1.5 (d, 2jcsiF=25.0 Hz, SiMe), 40.0 (d, 

2JcSiF=37.6 Hz, SiCH2), 108.9, 117.1,139.1, 

141.3, 163.3

29Si -19.1 (d, lJsiF=255.9 Hz)

-60 IH 0.31 (d, 3jHSiF=6.5 Hz, 6H, SiMe2), 3.2 (s, 2H, 

NCH2), 6.6-7.8 (m, 4H, arom)

13c 2.3 (d, 2JcsiF=25.9 Hz, SiMe), 38.6 (d, 

%SiF=47.9 Hz, SiCH2), 110.0, 116.0,139.0, 

142.0,162.0

29Si -30.4 (d, lJsiF=253.0 Hz)
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four coordinate at high temperature. The chloro (2.4Ba) and triflate (2.4Bb) 

derivatives were found to be unaffected during the process of temperature 

variation, which showed that the silicon atom of chloro and triflate süyl pyridones 

were in true penta- and tetracoordinate states respectively. For example, the 

süicon-29 chemical shift of fluorodimethylsilylmethylpyrid-2-one (2.7B, Y=H) 

moved to about 8 ppm upfield when the NMR was recorded at -60°C and to about 

3 ppm low field at +54°C (Table 2.7B). The silicon atom becomes more pentavalent 

at low temperature. On the other hand, the 0-Si bond strength decreases at high 

temperature and hence the silicon atom converts to more tetravalent state as 

shown in Scheme 2.6B.

I .Me 
Si:
I Me 
F

^Me
 Si;

I Me 
F

Decrease temperature 
Increased temperature

Scheme 2.6B

A similar explanations can be given for the bromo silyl pyridone (2.5B, Y=H). But 

instead of 0-Si bond, the Si-Br bond strength increases at low temperature and 

decreases at high temperature as shown in Scheme 2.7B. The NMR values were 

shown in Table 2.8B.
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Table 2.8B and 29$i NMR chemical shifts (5/ppm) of bromodimethyl-

silylmethylpyrid-2-one (2.5B, Y=H) and bromodimethylsilyl- 

methyl-6-methylpyrid-2-one (2.5B, Y=6-Me) at various 

temperatures.

Compound Temp.
(°C)

NMR Data

(2.5B, Y=H) RT IH 0.72 (s, 6R, SiMez), 3.9 (s, 2R, NCRi),
6.9-8.1 (m, 4R, arom)

13c 1.9, 44.8, 115.0,115.7, 141.0, 146.1, 163.1
29Si -18.4

+54 IH 0.70 (s, 6R, SiMez), 3.9 (s, 2R, NCR%),
6.8-8.1 (m, 4R, arom)

13c 1.5, 44.7, 115.0, 115.7,141.0, 146.1, 163.5
29S1 -10.0

-50 IR 0.70 (s, 6R, SiMez), 3.5 (s, 2R, NCR%),
6.9-8.4 (m, 4R,arom)

13c 1.3, 44.0, 114.8, 116.0, 141.3, 146.9,163.6
29Si -24.6

(2.5B, Y=6-Me) RT IR 0.45 (s, 6R, SiMez), 2.7 (s, 3R, Me), 3.7 (s.
2R, NCR2 ), 6.8-8.0 (m, 3R, arom)

13c 1.7, 20.7, 37.9, 111.5, 115.2, 144.8, 151.6, 163.7
29Si -21.3

+60 IR 0.43 (s, 6R, SiMez), 2.7 (s, 3R, Me), 3.6 (s.
2R, NCR2 ), 6.9-8.3 (m, 3R, arom)

13c 1.6, 20.7, 37.6, 111.5, 115.2, 144.6, 151.4, 163.7
29Si -14.2

-50 IR 0.41 (s, 6R, SiMc2 ), 2.6 (s, 3R, Me), 3.5(s,
2R, NCR2 ), 7.0-8.5 (m, 3R, arom)

13c 1.0, 21.0, 36.8, 111.0, 115.2, 144.6,150.7, 163.1
29Si -31.6
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Table 2.9B and 29Si chemical shifts (5/ ppm) of fluorodimethylsilyl-

methyl-6-methylpyrid-2-one (2.7B, Y=6-Me) at 

various temperatures.

Compound Temp.
(°C)

NMR Data

(2.7B, Y=6-Me) RT IH 0.28 (d, 3jHSiF=5.9 Hz, 6H, SiMe2), 2.5 (s, 3H, 
Me), 3.0 (s, 2H, NCH2), 6.5-15 (m, 3H, 
arom)

13c 2.4 (d, 2jcsiF=27.2 Hz, SiMe), 20.9, 35.8 (d, 
%SiF=50.5 Hz, SiCH2), 110.2, 112.5, 141.2, 
148.6,163.8

29Si -35.5 (d, lJsiF=252.9 Hz)
+54 IH 0.27 (d, 3jHSiF=5.8 Hz, 6H, SiMe2), 2.4 (s, 3H, 

Me), 3.0 (s, 2H, NCH2), 6.6-15 (m, 3H, 
arom)

13c 2.4 (d, 2jcsiF= 27.0 Hz, SiMe), 20.8, 35.8 (d, 
%SiF=50.4 Hz, SiCH2), 110.0, 112.5, 141.1, 
148.6, 163.8

29Si -27.9 (d, lJsiF=251.0 Hz)
-60 IH 0.25 (D, 3jHSiF= 5.7 Hz, 6H, SiMe2), 2.5 (s, 

3H, Me), 3.1 (s, 2H, NCH2), 6.8-7.9 (m, 3H, 
arom)

13c 2.6 (d, 2jcsiF=27.2 Hz, SiMe), 21.1, 35.2 (d, 
^JcSiF=51.8 Hz, SiCH2), 110.8, 111.9, 141.7, 
148.6, 163.4

29Si -39.3 (d, lJsiF=250.0 Hz)
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I MeI /
— - S i ;

I "M e 
Br

o
I /

—

Br
Decrease temperature 

— Increased temperature

Me

Me

Scheme 2.7B

We observed similar results with 6-Me derivative and the NMR values are shown 

in Tables 2.8B and 2.9B.

Our variable temperature results differ from the results observed by 

Kummer et at^^^ in their dipyridyl derivatives. They have shown that the silicon 

atom becomes more four coordinate at low temperature and five coordinate at high 

temperature as shown in Scheme 2.8B. Their results were complete opposite to 

the results observed by us.

Me. ?
: Si

Me,
Me

Decrease temperature 
Increase temperature

Scheme 2.8B
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Reaction of silyl pyridones with nucleophiles have shown that chloro and bromo 

pyridones undergoes substitution while the fluoro derivative was inert towards 

nucleophiles. When 0.5 equivalent of NMI was added to chlorodimethylsilyl- 

methylpyridone (2.4Ba, Y=H) the signal that appeared at -41.1 ppm in silicon-29 

NMR disappeared completely, instead a slightly broad peak at -48.8 ppm was 

observed, which indicated the formation of the substitution product. Although NMI 

reacts readily with MesSiCl, but the equilibrium lies far to the side of Si-Cl. There 

was a rapid equilibrium between the complex in solution and the starting 

chlorosilane as a consequence of nucleophilic attack of the chloride counterion at 

the silicon atom of the substituted product, thereby regenerating the silyl chloride 

and free NMI. That 1 equivalent of NMI gave substitution product almost 

exclusively and this was confirmed by a sharp signal in siücon-29 NMR at 

-54.2 ppm (Table 2.4A). The possible explanations for the high reactivity of the 

silyl chloride (2.4Ba, Y=H) could be a longer Si-Cl bond in a ‘semi ionic’ state 

due to high polarisability of the chloride atom, as observed recently in some 

pentacoordinated complexes^^’̂ ^427  ̂or it may be due to a weakly bound ligand Cl 

opposite to a strongly bound ligand O, where the more strongly bound ligand 

oxygen pushes the more weakly bound ligand chlorine away and make the Si-Cl 

bond longer than the normal Si-Cl bond^^^. In addition, it has been shown that the 

Si-Cl bond can be stretched by approximately 17%^^^. Similar result was obtained 

when bromo silyl pyridone (2.5B, Y=H) was treated with NMI (Table 2.10B) and 

a similar explanations can be put forward for its reactivity.

Fluoro silyl pyridone was found to be inert towards NMI or HMPA. No reaction 

was taking place when fluorodimethylsilylmethylpyrid-2-one (2.7B, Y=H) was 

treated with NMI or HMPA (Tables 2.1 IB and 2.12B). The probable explanation 

could be that the two ligands firom the same period (here oxygen and fluorine)
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shares the electron density in such a way that both ligands are fairly tightly bound 

to silicon, which makes the Si-F stronger and hence inert to substitution!^^.
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Y=H1 and N-methvlimidazole (NMD : NMR Data

5 (ppm)
1 :0 1:0.5

Ratio of (2.5B,Y=H) : NMI 
1:1 1:1.5 0 :1

H-2 — 9.3 8.9 8.6 7.4
IH H-4 — 7.6 7.5 7.4 7.0

H-5 — 7.3 7.3 7.2 6.9
N CH 3 4.1 4.0 3.9 3.7
H-3 6.9 6.8 6.8 6.8 -  -

H-4 8 .1 8.3 8.2 &2 -  -

H-5 7.1 7.0 6.9 6.9 -  -

H- 6 7.9 8 .0 7.9 7.9 — -

NCH2 3.9 3.9 3.9 3.8 -  -

S1CH3 0.72 0.65 0.68 0.67 -  -

C-2 — 136.9 137.1 137.1 137.8
13c C-4 — 1 2 2 .8 123.9 124.9 129.5

C-5 — 122.4 1 2 2 .1 1 2 1 .6 1 2 0 .1

NCH3 — 35.7 344 34.5 33.3
C-2 163.1 16Z6 16Z5 162.5 -  -

C-3 115.0 113.2 1 1 2 .8 112.9 -  -

C-4 141.0 139.5 139.3 1394) -  -

C-5 117.4 114.4 114.2 114.2 -  -

C- 6 146.1 144.3 144.1 144.1 — —

NCH2 44.8 40.3 39.9 394 -  -

SiCH3 1.9 3.0 2L6 2.6 -  -

29Si S1CH3 -18.4 -50.2 (sbr) -54.4 -54.5 -  -

Quantities used:
Pyridone (mmol) 2 2 2 2 -  -

NMI (mmol) —  ■ 1 2 3 2
Solvent : CDCI3 , 2.0 ml
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Y=H) and N-methvlimidazole (NMD : NMR Data

5 (ppm) Ratio of (2.7B, Y=H) : NMI 
1:0 1:0.5 1:1 0:1

H-2 -  - 7.4 7.4 7.4
IH H-4 -  - 7.0 7.0 7.0

H-5 - - 6.9 6 j (19
NCHs -  - 3.7 3.7 3.7
H-3 6.4 6.4 &4 --------

H-4 7.6 7.6 7.6 -  -
H-5 6.6 6.6 6.6 - -
H-6 7.4 7.4 7.4 — —

NCH2 3.2 3.2 3.1 -  -

SiCHs 0.32 d 0.32 d 0.31 d -  -

3Jhf 6.8 Hz 6.8 Hz 6.8 Hz -  “

C-2 -  - 137.8 13Y8 137.8
13c C-4 -  - 129.3 129.4 129.5

C-5 -------- 120.2 120.1 120.1
NCHs -  - 332 332 33.3
C-2 163.2 163.1 163.0 -  -

C-3 109.2 109.2 109.1 -  -

C-4 139.1 139.0 1394 --------

C-5 116.8 116.8 116.8 -  -

C-6 141.4 141.4 141.4 -  -

NCH2 39 j d 39.5 d 3&5d -  -

% F 44.0 Hz 44.0 Hz 44.1 Hz -  -

SiCHs 1.8 d 1.8 d 1.8 d --------

24.6 Hz 24.5 Hz 24.5 Hz -  -

29Si SiCHs -22.3 d -22.2 d -22.3 d - -

ĴSiF 256.8 Hz 256.6 Hz 256.7 Hz -  -

Quantities used:
Pyridone (mmol) 2 2 2 “  -

N M  (mmol)
Solvent : CDCls, 2.0 ml

1 2 2
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Table 2.12B Interaction between fluorodimethvIsilvlmethvlpvrid-2-one (2.7B. 

Y=H) and hexamethvlphosphoramide (HMPA) : NMR Data

5 (ppm) Ratio of (2.7B, Y=H) : HMPA 
1:0 1:0.5 1:1 0:1

NCHs - - 2.8 d 2.8 d 2.8 d
iH 3jpjj - “ 9.3 Hz 9.2 Hz 9.3 Hz

H-3 6.4 6.4 6.4 - -

H-4 7.6 7.5 7.6 - -

H-5 6.6 6.6 6.6 - -

H-6 7.4 7.3 7.4 — —

NCHs 3.2 3.1 3.1 - -

SiCHs 0.32 d 0.31 d 0.32 d - -

3Jh f 6.8 Hz 6.8 Hz 6.8 Hz - -

NCHs - - 36.7 d 36.6 d 36.7 d
^Jpc - - 3.9 Hz 3.8 Hz 3.9 Hz

13c C-2 163.2 163.2 163.1 - -

C-3 109.2 109.2 109.2 - -

C-4 139.1 139.0 139.1 - “

C-5 116.8 116.7 116.6 - -

C-6 141.4 141.4 141.2 - -

NCHs 39.5 d 39.5 d 39.5 d - -

^JCF 44.0 Hz 44.0 Hz 44.1 Hz - -

SiCHs 1.8 d 1.8 d 1.7 d - -
2jcf 24.6 Hz 24.6 Hz 24.6 Hz - -

29Si SiCHs -22.3 d -22.8 d -22.9 d - —

^JsiF 256.8 Hz 256.9 Hz. 257.0 Hz - -

Quantities used :
Pyridone (mmol) 2 2 2 - -

HMPA (mmol)
Solvent : CDCls, 2.0 ml

1 2 2



CHAPTER THREE

Coordination and Reactivity at Silicon
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3.1 INTRODUCTION:

It has been known for a long time that silicon can expand its valence shell. Several 

types of penta and hexacoordinated silicon compounds have been reported, in 

which the silicon is surrounded by electronegative ligands^()'^ '̂95,96,l30 and more 

recently by nonelectronegative ligands^^. Numerous structural studies of 

hypervalent silicon complexes have been reported^^’3^’̂ 9,86,95,130-132

As described in the introduction recently much interest has been paid to the 

existence^^’̂ ,̂ reactivity^^,87-94 and isomerisations^^’95 of pentavalent silicon 

derivatives that have been proposed as intermediates in reactions of organosilanes 

in solution95. It is reported^ ̂ 9,133 that the reactivity of pentacoordinate silicon 

species is quite different from those of their tetracoordinated analogues. Corriu and 

co-workers89 reported that K+,18-Crown-6 salts of [PhMeSiFg]- and [Ph3SiF2]‘ 

are much more reactive than PhMeSiF2  and PhgSiF with Grignard reagents RMgX, 

to give PhMe(F)SiR and Ph3 Si(R) respectively. Similar enhanced reactivity was 

observed for reaction of these two anionic silicates with other nucleophiles, 

LiAlH4 , RLi, RO', NaBH^. They have suggested^9 that the enhanced reactivity 

might arise from a greater electropositive character of the pentacoordinated silicon 

atom. Again, the reactivity of hexacoordinated silicon compounds was quite 

different from that of tetra and pentavalent silicon compounds i.e., the basic 

transformations of Si-F, Si-Cl and Si-H in hexacoordinated silicon species are 

completely different from those observed with the corresponding tetra and 

pentacoordinated compounds. Corriu et al^^  ̂have found that the reactivities of 

bis(8(dimethylamino)napthyl) of silicon complexes 3.1 and 3.2 with nucleophiles 

were different. Difluorosilane 3.1 appears to be completely inert to any nucleophilic
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reagents (LiAlH^^ RMgX, RLi) whereas dichlorosilane 3.2 is substituted very 

easily by nucleophiles (Scheme 3.1).

LiAlH4

M e ^
Me2N- Ar2SiCl2 

(3.2)

MeONa

Ar2SiH2

Ar2Si(OMe)2

MeMgX
or MeLi

Ar= 8- (Dimethylamino)napthyl

Ar2SiMe2

(3.1) X=F
(3.2) X=C1
(3.3) X=H

Scheme 3.1

The lack of reactivity of fluorosilane (3.1) could be attributed to both the minimal 

elongation of the Si-F bonds and a maximal hindrance around the silicon atom. The 

reactivity of hydrosilane (3.3) towards nucleophiles is again very different from 

that observed for 3.1 and 3.2. It is chemically inert towards strong nucleophiles 

(RLi, RMgX), whereas organolithium reagents are able to substitute the Si-H 

bond in tetra- and pentacoordinate silicon c o m p o u n d s ^ 0 4 - 1 0 6  Furthermore, those 

reagents that have been reported to react efficiently with the pentacoordinate 

dihydrosilanes such as sulphur, carbon d i s u l p h i d e ^ 3 4 ^  carbonyl g r o u p s o r  acid 

d e r i v a t i v e s  133 exhibit no reactivity towards compound 3.3.

The reactivity of hexacoordinated silicon compounds are found to be quite different 

from that of either penta- or tetracoordinated silicon compounds. Our interest in 

the reactivity of pentacoordinated silicon species is derived from several sources:-
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(i) Nucleophilic displacements in tetravalent organosilicon derivatives, RgSiX, 

have been assumed to pass through the formation of a pentacoordinated anionic 

silicon intermediate^.

(ii) The silicon atom can be activated during nucleophilic substitution by a catalytic 

amount of nucleophiles which are good coordinating agents for silicon^.

(iii) As we mentioned in chapter two, we observed very interesting' results when 

NMI was added to mono, di and trichlorosilylpyridones. Monochlorosilylpyridone 

gave only substitution product, while dichlorosilylpyridone gave mixtures of 

substitution and addition products. Addition of NMI to trichlorosilylpyridone gave 

exclusively addition product (Chapter 2).

(iv) Chloro and bromosilylpyridones were found to be reactive towards 

nucleophiles, NMI, HMPA while silylfluoride was inert to nucleophiles 

(Chapter 2).

(v) The reaction of silicon hydrides, RSiHg and R2 SiH2  with KH as a catalyst gives 

redistribution processes that are interpreted as involving intermediate formation of 

a pentacoordinated silicon c o m p l e x e s  135̂

(vi) The reduction of carbonyl compounds with silicon hydrides and f l u o r i d e l 3 6 - 1 3 9  

or a l c o h o l a t e ^ 4 0 , 1 4 l  jons as activators is well known and proceeds through a 

pentacoordinate silicon intermediate.

(vii) The transfer of an allyl group to a carbonyl compound from an allyl silane 

activated by fluoride ion (n-Bu4N+F')l^^'1^4. Furthermore, isolated 

pentacoordinated allyl derivatives may undergo allyl group transfer to a carbonyl 

compound^^.

(viii) It has been found that organobis(benzene-l,2-diolato)complexes of 

silicon 193 RSi(o-0 2 C6H4 )'2 Na+ and hydridoalkoxosiliconates HnSi(0 R)5_n'K+, 

(n=l, 2)196,145 derivatives are very reactive towards nucleophilic reagents e.g., 

organometallic compounds, R M g X  196,142-145̂  RLjl42-144 and hydrides 1^̂ “1̂ .̂
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In continuation of our work on the reactivity of silyl pyridones towards different 

nucleophiles we were interested to explore further the possible transformations in 

the case of neutral pentacoordinated species, particularly towards different 

nucleophilic reagents.

Most of the work on the reactivity of tetra- and hypervalent silicon compounds 

with different nucleophiles has been studied by Corriu and co-workers and has 

shown that each system behaves quite differently towards a particular nucleophile. 

But they have studied the reactivity of each system separately. We were 

interested to find a system where both four and five coordinated silicon atoms are 

present in the same molecule and to compare their reactivity towards different 

nucleophiles. We used the compound 3.4, which is an acetamide derivative, for our 

study. Although the compound was first prepared by Lasocki^^^, its structure was 

initially incorrectly assigned but this was modified and the correct structure was 

proved by Yoder^S in 1978. The chemistry of this type of compound was almost 

completely unknown before the work presented here.

CH.

+
O

'N'

SiMe2X

■SiMeÿ

(3.4)

The molecule contains both four and five coordinate silicon atoms which will 

provide a probe for reactivity of the two types of silicon atoms under identical
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conditions. We expected that the two silicon atoms are sufficiently isolated from 

one another to behave independently and their existence is long enough on the 

NMR time scale to compare their reactivity. The main aim of this work was to 

study-

(A) The relative ability of leaving groups to stabilize pentacoordinate silicon atom 

(when X9̂ =Y) . and

(B) The relative reactivity to nucleophilic substitution of four and five coordinate 

silicon (when X=Y).

The reactivity to nucleophilic substitution of four and five coordinate silicon has 

been studied by silicon-29 NMR. The method involved the addition of a nucleophile 

such as NMI or HMPA to the bis-silicon amide and to record the changes in the 

NMR spectra with varying amounts of nucleophile. It will be shown that five 

coordinate silyl chloride and bromide were found to be more reactive than the four 

coordinate silyl chloride and bromide. But four coordinate silyl fluoride was more 

reactive than the five coordinate silyl fluoride.

3.2 RESULTS AND DISCUSSION:

When 1 equivalent of bis(trimethylsilyl)acetamide (3.5) was treated with 2 

equivalents of halomethyldimethylchlorosilane (3.6), bis(halodimethylsilylmethyl) 

acetamides (3.7) were obtained with liberation of 2 equivalents of chlorotrimethyl- 

silane. The fluoro derivative (3.8) was prepared by treating either chloro or bromo 

silyl acetamide (3.7) with antimony trifluoride as shown in Scheme 3.2
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CH.

O SiMes 2 XCHoSiMeoQ (3.6)

N SiMe.
X=C1, Br 
-2 M egSia

(3 .5 )

CH.

O SiMe2X

'N'

-SiMe^X

(3.7) X=C1, Br

CH.

+
O

Scheme 3.2

ARn.TTY OF LEAVING GROUPS TO STABILIZE 

PENTACOORDINATE SILICON

SbF.

SiMe2F

‘N ‘

-SiMejF

(3 .8 )

When equal moles of silyl fluoride (3.8) and silyl chloride (3.7, X=C1) were mixed 

in CDCI3 exchange of halogens were taking place between four coordinate Si-Cl 

and five coordinate Si-F and a new compound of the type (3.9) was obtained 

(Scheme 3.3). Similarly (3.10) (Scheme 3.4) and (3.11) (Scheme 3.5) were 

obtained.
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m 3 CH3. CH3

S1M62FSiMe2Cl

3.7 3.8

SiMe2F

(3 .9)

Scheme 3.3

There were two signals in the silicon-29 NMR spectrum of silyl chloride 

(3.7, X=C1) one signal at -39.9 ppm was assigned for pentacoordinate silicon and 

the other at 26.8 ppm was due to tetracoordinate silicon. We observed two 

doublets for silyl fluoride (3.8) in the silicon-29 NMR. One doublet at -23.5 ppm 

with Si-F coupling constant 256.8 Hz was for the pentacoordinate silicon and the 

other doublet at 28.9 ppm with Si-F coupling constant 287.1 Hz for the 

tetracoordinate silicon atom. When equimolar amounts of silyl chloride and silyl 

fluoride were mixed, we observed only 2 signals in the silicon-29 NMR. One 

singlet at -37.6 ppm and a doublet at 28.9 ppm with Si-F coupling constant 287.1 

Hz suggested the compound (3.9) (Scheme 3.3)

SiMe2F

5=-37.6

5  =28.9 d 
J=287.1 Hz

(3 .9 )
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These signals are definitely due to 3.9 which was isolated as solid. They cannot be 

from rapid equilibrium between silyl fluoride (3.8) and silyl chloride (3.7, X=C1) 

because-

(i) Si-F coupling was maintained for the four coordinate species,

(ii) There were only two signals and

(iii) The -37.6 ppm signal cannot be an average of -39.9 and -23.5 ppm.

The silicon-29 NMR showed that the exchange of halogens were taking place 

between the four coordinate Si-Cl and five coordinate Si-F. The ^H, and^^Si 

NMR values of 3.9 are shown in Table 3.1 at the end of the chapter. The above 

experiment indicated that chlorine has greater ability to stabilize a pentacoordinate 

silicon atom than fluorine.

Similarly, when equal moles of silyl bromide (3.7, X=Br) weremixed with silyl 

fluoride (3.8) we obtained the new compound (3.10) (Scheme 3.4). Exchange of

CH.

CHg. .CH3 

O  > S i - - - B r
+

"N" CH.

■SiMe2Br

3.7

CH3 ^C H 3

O  - Si - - F

N CH3

— SiMe2F 

3.8

CH3 .  CH3

O  - S i- -—Br

'K

■SiMe2F

(3.10)

Scheme 3.4

halogens took place between four coordinate Si-Br and five coordinate Si-F. The 

singlet at -23.0 ppm was due to pentacoordinate silicon and the doublet
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SiMe2F

Si 5 =-23.0

^^Si 5=28.9 d 
J=286.1 Hz

(3.10)

at 28.9 ppm with Si-F coupling constant 286.1 Hz was for tetracoordinate silicon. 

The iH, 13(2 and ^^Si NMR values of (3.10) are shown in Table 3.2. Like chlorine, 

bromine too has greater ability to stabilize pentacoordinate silicon than fluorine.

Exchange of halogens between silyl fluoride with chloride (Scheme 3.3) and 

bromide (Scheme 3.4) were quite straightforward, but the exchange of halogens 

between silyl chloride (3.7, X=C1) and bromide (3.7, X=Br) were more difficult to 

interpret.

CH,. CHq CHg. m 3

■SiMe2Br SiM efl ■SiMe2Cl 

(3.11)

Scheme 3.5

Addition of equal moles of each can give rise to three possibilities as shown in 

Scheme 3.6. Addition of equal moles of silyl chloride and bromide gave two signals
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m silicon-29 NMR. A peak at -24.6 ppm was for pentacoordinate silicon and the 

other at 26.9 ppm due to tetracoordinate silicon. If exchange of halogens had taken

CH

O Î3 . CHj
O  -S i--  Cl

N'
CH

■SiMe2a

o
CH3 CH3 

 - \ i - ——Br

N"

■SlMe2Br

CH

O
CHj CH3 

- Si-——Br

N'

■SiMe,a
(3.11)

CH

C H 3 ^
O  -^Si--—-B r

,+

N"
CH

-SiMe2Cl

CH3 ^CH3 

O  - S i -  Cl

k
N"

■SiMe2Br

CH

CH3 .  /C H 3 

O .......- SF...... Cl

N ‘

-SlMe2Br
(3.12)

Scheme 3.6 Possibilities of exchange of halogens between silyl chloride 

and silyl bromide.

place between pentacoordinates Si-Br and Si-Cl (Scheme 3.6) then we would 

have got a mixture of two different compounds and observed two signals in 

pentacoordinate silicon region, one for pentacoordinate Si-Br and the other for 

pentacoordinate Si-Cl. But we observed only one signal in the pentacoordinate 

süicon region. Therefore, we ruled out the possibility of slow exchange of halogens 

between two pentavalent silicon atoms. The two other possibilities are that 

exchange of halogens can take place between four and five coordinate silicons and 

can give rise to (3.11) or (3.12) as shown in Scheme 3.6. It was difficult to
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differentiate between (3.11) and (3.12) by and ^^Si NMR, although the

chemical shifts are more consistent with 3.11 than 3.12 (e.g., of 3.12 should 

be a,bout -40 ppm), but it could be an average between the two species.

H0.83

H3.6
C 43.0

Si -13.8 
'H  3 .2 /"c  46.4 +

CHy*— ‘h  0.73 
2.4

Si 26.0

CH,

CHg^ .CHj"
C7.4

^H 3.3 /  
42.6

\  ^ ^ ^ L ^ " C 7 . 0
O — -

 ^H 3.0/^C 45.7
/ A

/
CH,

^ H 3 .4 /  
^^C 42.9

- H 0.66 
■'̂ C 2.1
2 9

Cl Si 26.9

Si -39.9 
2.8/^C 44.6

H0.56 
C 1.9 
Si 26.8

B) REACTIONS OF BIS(HALODIMETHYLSTLYLMETHYIfiACETAMIDE 

WITH NUCLEOPHILES fe.g. NMI and HMPAl

Reaction of bisChalodimethvlsilvlmethvDacetamide with NMI

Reactivity of bis(halodimethylsilylmethyl)acetamide with NMI were examined by 

adding successive aliquots of NMI to a solution of silicon compounds, under 

nitrogen, in an NMR tube and ^H, and ^^Si NMR spectra were recorded after
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each addition. N-methylimidazole is a powerful nucleophile and forms stable four 

coordinate ionic adducts with silanes^^. Although NMI reacts readily with 

Si-halogen, the equilibrium lies far to the side of Si-Cl for most RgSiCl such as 

MesSiCl, EtsSiCl, PhsSiCl.

The information concerning the structural changes were based on the ^^Si chemical 

shifts and on the proton NMR of NMI compared to the uncomplexed NMI. The 

protons at positions C-2, C-4 and C-5 signals were shifted to downfîeld due to 

complexation of NMI with silicon. The effect was highest for the proton attached to 

C-2. Addition of excess NMI induced upfield shift of NMI resonances which is due 

to chemical exchange between the free and complexed NMI. The lone pair of 

electrons on nitrogen atom of NMI forms the dative Si-N bond and the imidazolium 

cation becomes deshielded which is most pronounced at the C-2 position as shown 

in Figure 3.1 by the following resonance structures.

Me — SiMej Me — — Si Me,

\ = /  ~  W  '— '

Me N ^ ^ ^ N  SiM^

w

Figure 3.1 Resonance structure of NMI on complexation.

The changes in the chemical shifts of NMI in both proton and carbon-13 NMR 

spectra follow the analogous trend observed by Pugmire^^^ well as 

Batterham^^^ for the protonation of imidazole by hydrogen chloride.
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Reaction of bisfcblorodimethylsilvlmethyllacetamide (3.7. X=CB with NMI

The X-ray crystal structure of bis(chlorodimethylsilylmethyl) acetamide has been 

reported by Yoder^^ and it was found that one silicon atom is pentacoordinate and 

the other is tetracoordinate. The silicon-29 chemical shift of the pentacoordinate 

atom shows a signal at -39.9ppm and the tetracoordinate silicon atom appears at 

26.8 ppm. When 0.5 equivalent of NMI was added to it, the signal that initially 

appeared at -39.9 ppm disappeared completely which indicated that substitution 

was taking place at the pentacoordinate silicon atom. This is consistent with an 

intermediate rate equilibrium between the complex in solution and the starting 

chlorosilane as a consequence of nucleophilic attack of the chloride counterion at 

the silicon atom of the substituted product, thereby regenerating the silyl chloride 

and free NMI as shown in Scheme 3.7. When 1 equivalent of NMI was added a 

slightly broad peak at -53.9 ppm was observed. The upfield shift of the silicon-29 

peak showed that equilibrium lies more towards substitution. That excess of NMI 

gave the substitution product almost exclusively was confirmed by a sharp signal 

in silicon-29 NMR at -54.4 ppm (Scheme 3.7) (Table 3.3). No line broadening was 

observed for the NMI resonances, showing NMI to be exchanging rapidly with the 

complex. The equilibrium between silyl chloride and the substituted product was 

sufficiently rapid on the NMR time scale, so there was only one resonance for each 

of the carbon and proton atoms in any mixture between them. The ^^Si resonance 

for the four coordinate silicon at an NMI to complex ratio of 2:1 shows an upfield 

shift to 19.1 ppm indicating that it is now complexed with the NMI. But this 

reaction follows reaction at the five coordinate silicon.
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Scheme 3.7 Interaction between bis(chlorodimethvlsilvlmethvDacetamide (3.7.

X=Cn and NMI
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Reaction of bisrchlorodimethvlsilvlmethvDacetamide (3.7. X=C1V with HMPA

We observed a similar result as for NMI when HMPA was added to 

bis(chlorodimethylsilylmethyl)acetamide. Like NMI, HMPA attacked the 

pentacoordinate silicon atom and gave the substitution product (Table 3.4). A 

slight broad peak in silicon-29 NMR was observed when HMPA was added to 

silyl chloride. A gradual but small upfield shift of the silicon-29 NMR was recorded 

as the concentration of HMPA increased, indicating that the equilibrium lies 

towards the side of substitution. The absence of any coupling between the 

phosphorus atom of HMPA and silicon atom, together with a slightly broad peak 

showed that the life time of the HMPA complexes are usually shorter i.e., the rate 

of the back reaction is fast because presumably HMPA is a better leaving group 

from silicon. The four coordinate Si-Cl bond was unaffected even in presence of 

excess HMPA (Scheme 3.8).

Reaction of bisfbromodimethvlsilvlmethvliacetamide (3.7. X=Bri with NMI

We found two signals for the bis(bromodimethylsilylmethyl)acetamide in the 

silicon-29 NMR. The peak at +26.0 ppm was for the tetracoordinate silicon and the 

peak at -13.8 ppm was for the pentacoordinate silicon. Compared to silyl chloride 

(3.7, X=C1), the silyl bromide showed quite a low value for five coordinate silicon.

It is probably because, either-

(i) The Si-Br bond is stretched i.e., on its way to O-Si and Br -, or

(ii) There is an equilibrium O—Si — Br ;—  ̂ O — Si + Br - . These can 

not at present be distinguished.
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Scheme 3.8 Interaction between bisrchlorodimethvlsilvlmethvnacetamide (3.7.

X=CD and HMPA
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Scheme 3.9 Interaction between bisfbromodimethvlsilvlmethvDacetamide (3.1.

X=Bri and NMI
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Bis(bromodimethylsilylmethyl)acetamide also gave a substitution product with 

NMI. Like the chloride analogue, the NMI attacked the five coordinate silicon atom 

without affecting the four coordinate Si-Cl bond even in presence of excess NMI 

(Scheme 3.9). The upfield shift of the siMcon-29 peak from -13.8 ppm to -54.1 ppm 

for the substituted product, together with increased deshielding of the NMI in 

proton resonance, particularly at C-2 position, confirmed the formation of the dative 

Si-N bond (Table 3.5). The equilibrium between the silyl bromide and the 

substituted product was rapid on the NMR time scale, so there was only one set of 

resonances for each of the carbon and proton atoms in any mixture between them. 

The successive increases in the concentration of NMI drives the equilibrium in 

favour of the substitution (Scheme 3.9).

Reaction of bisffluorodimethvlsilvlmethvBacetamide f3.8i with NMI and HMPA

We found two doublets for the silyl fluoride (3.8) in the silicon-29 NMR. One 

doublet at -23.5 ppm with Si-F coupling constant 256.8 Hz was for the 

pentacoordinate silicon atom and the other at 28.9 ppm with Si-F coupling constant 

287.1 Hz was due to tetracoordinate silicon atom. Its behaviour towards NMI and 

HMPA was unexpected and different from that of silyl chloride and bromide. When 

0.5 equivalent of NMI was added to it, the doublet and Si-F coupling which 

appeared at 28.9 ppm in silicon-29 NMR before the addition of NMI disappeared 

completely. This proved that a reaction was taking place at tetracoordinate silicon. 

When an excess NMI was added, no shifting of silicon-29 NMR either to high or 

low field was observed (Table 3.6). Instead a broad peak at 30 ppm without Si-F 

coupling was found, indicating that the equilibrium was towards the starting 

material as shown in Scheme 3.10. Deshielding of NMI in proton resonance, 

particularly at C-2 position was not observed. This confirmed the absence of a
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Scheme 3.10 Interaction between bisffluorodimethvIsilvlmethvDacetamide C3.S')

and NMI
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Scheme 3.11 Interaction between bisffluorodimethvlsilvlmethvnacetaniide (3.H)

and HNIPA
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significant quantity of substitution product. The five coordinate silicon atom was 

found to be unaffected even in the presence of excess NMI.

An exactly similar result was obtained when silyl fluoride (3.8) was treated with 

HMPA (Scheme 3.11). The absence of any coupling between the phosphorus atom 

of HMPA and silicon atom, together with unchanged chemical shifts in the 

silicon-29 NMR spectrum with a broad peak are entirely consistent with the 

absence of any significant amounts of substimtion product (Table 3.7)

Reaction of bisIfiuorodimethvlsilvlmethvDacetamide CS.S) with tetrabutvl 

ammonium fluoride flBuaN+F~V

When a catalytic amount of BU4 N+F" was added to silyl fluoride (3.8) the doublet 

at 28.9 ppm with Si-F coupling disappeared completely, instead a broad peak at

28.3 ppm was observed. The doublet at -23.5 ppm was unaffected and the Si-F 

coupling constant 256.8 Hz was maintained, which clearly showed that the F‘ ion 

has attacked the tetracoordinate silicon atom and the equilibrium between the free 

F ' ion and the addition product was fast on NMR time scale. On addition of 0.25 

equivalent of F" ion, the doublet at -23.5 ppm disappeared and two broad peaks 

were observed which disappeared completely on addition of 0.5 equivalent of F" 

ion. It clearly indicated that the F" ion was now exchanging rapidly with the 

pentavalent Si-F fluorine, in addition to the four coordinate Si-F fluorine. As the 

concentration of F" ion was increased the four coordinate silicon atom moved more 

towards high field showing that the tetravalent silicon atom was becoming more 

pentavalent. At 1 equivalent of F" ion, two broad signals were observed in silicon- 

29 NMR. The peak at -74.2 ppm was due to four coordinate silicon atom which 

became pentavalent on addition of Bu^N+F", and the peak at -25.2 ppm was due
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Scheme 3.12 Interaction between bisffluorodimethvlsilvlmethvnacetflTnirlf».
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to the pentavalent silicon atom coordinated to oxygen (Table 3.8). Although the 

position of the pentavalent silicon atom had hardly moved at all, the lack of Si-F 

coupling constant was an indication of equilibrium between free F" ion and Si-F 

bond (Scheme 3.12).

Reaction of fluorodimethvlsilvlmethvl-N-methvlacetamide 13.131 with NMI

We found that the five coordinate silicon atom of silyl fluoride (3.8) was unreactive 

towards nucleophiles. The result was quite unexpected and to prove this result 

further, we have decided to treat NMI with fluorodimethylsilylmethyl-N-methyl 

acetamide (3.13). We observed that the five coordinate silicon atom was 

unreactive even in presence of excess NMI (Scheme 3.13). The Si-F coupling 

constant was maintained throughout the process of addition. The results are 

shown in Table 3.9.

O
C H g

  - S i -  -I

CH.
N

CHg

(3.13)

As we have mentioned in introduction of this chapter a lot of work has been done 

on the reactivity of tetra- and hypervalent silicon compounds. Each system 

behaves quite differently towards a particular nucleophilic reagent. We found in our 

study that, when chloro and bromo-bis silyl amide were treated with nucleophiles, 

e.g., NMI, HMPA substitution took place exclusively at the pentavalent silicon 

atom. Similar results were obtained by Corriu and coworkers^^^O? xhey have
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Scheme 3.13 Interaction between fluorodimethvlsilvlmethvl-N-methvl acemmide

13.131 and NMI
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shown that five coordinate silicon atom was more reactive than the four coordinate 

silicon both thermodynamically and k i n e t i c a U y 8 9 , l 0 7  But our results were opposite 

to that of Corriu, when fluoro-bis silyl amide was treated with nucleophiles.

Instead of five, substitution took place at the four coordinate silicon.

We could not give any firm conclusion about which silicon atom was kinetically 

more reactive. The tetravalent silicon could possibly be kinetically but not 

thermodynamically more reactive than the five coordinate silicon. We tried to probe 

this effect by making the compound (3.14 ).

Me. Me 
\  /

O   Si-—X

Me-
"N"

•H
M e

■SiMe2X
Me’

H

(3.14)

The SiMe2  groups in (3.14) would be diastereotopic. Our assumption was that, if 

the four coordinate silicon reacts faster than the five coordinate silicon kinetically, 

then addition of a catalytic amount of NMI will collapse the diastereotopicity at 

silicon and the doublet will appear as a singlet. Similar result was obtained by 

Lau^49  ̂when catalytic amount of NMI was added to PhCHMeSiMe2 Cl. But we 

were unable to prepare the compound (3.14), so we were unable to compare the 

kinetic reactivity between four and five coordinate silicon atoms. So, the results 

described in this part of the thesis were based on the basis of thermodynamic 

reactivity of four and five coordinate silicons.
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We observed that when 0.5 equivalent of NMI was added to bis-silyl chloride 

(3.7, X=C1), substitution took place at the pentavalent silicon atom. The position 

of the four coordinate silicon in silicon-29 NMR was unaffected in the presence of 

1 equivalent of NMI (Table 3.3).The possible explanations for high reactivity of 

five coordinated bis-silyl chloride could be a longer Si-Cl bond in a “semi ionic” 

state due to the high polarisability of the chlorine atom, as observed recently in 

some pentacoordinated s t r u c t u r e s 4 2 , 6 0 , 1 2 7  or it may be due to a weakly bound 

ligand (Cl) opposite to a strongly bound ligand (O), where the more strongly bound 

ligand oxygen pushes the weakly bound ligand chlorine away and makes the Si-Cl 

bond weaker than the normal Si-Cl bond^^S. in addition, it has been shown that the 

Si-Cl bond can be stretched by approximately 1 7 %^29 Similar results were 

obtained when bis-silyl bromide (3.7, X=Br) was treated with NMI and a similar 

explanations can be put forward for its reactivity.

The reactivity of homosubstituted bis-silylamide halo derivatives have shown 

quite interesting results towards different nucleophiles. For example, the five 

coordinated silyl chloride and bromide were found to be more reactive than the four 

coordinated silyl chloride and bromide, but the four coordinated silyl fluoride was 

found to be more reactive than the five coordinated silyl fluoride. Having finished 

the reactivity of homosubstituted bis-silylamide halo derivatives, we have decided 

to study the reactivity of heterosubstituted bis-silylamide halo derivatives 

towards different nucleophilic reagents. It was observed that, the five coordinated 

silicon was always found to be more reactive than the four coordinated silicon and 

the results are discussed below.
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Reaction of chlorofluorobisrdimethvlsilvlmethvDacetamide 13.91 with NMT

Substitution took place at the pentacoordinate silicon when 0.5 equivalent of NMI 

was added to (3.9). A broad peak at -38.1 ppm showed the complex to be in 

equilibrium between 3.2A and 3.2B due to nucleophilic attack by the chloride ion at

M e ^  ^M e 

O - - - -  Si Cl

M e.^ ^M e 
O  Si Nr

Me

+

N

 ̂ SiM62p

(A)

-SiMe^F

(B)

Figure 3.2

the silicon atom of the substitution product. Shifting of silicon-29 peak from -37.6 

ppm to -50.6 ppm on addition of 1 equivalent of NMI reflected the almost complete 

conversion to the substitution product which is thermodynamically favoured 

(Scheme 3.14). That the excess of NMI gave substitution product was confirmed 

by a sharp signal in silicon-29 NMR at -54.7 ppm (Scheme 3.14) (Table 3.1), 

together with increased deshielding of the NMI in proton resonance, particularly at 

C-2 position, confirmed the formation of the dative Si-N bond. The 

tetracoordinated silicon was unaffected even in the presence of excess NMI.

Reaction of chlorofluorobisfdimethvlsilvlmethvDacetamide 13.9') with HMPA

We found a similar result to that for NMI when HMPA was added to 

chlorofluorobis(dimethylsilylmethyl)acetamide (3.9). Like NMI, HMPA attacked
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Scheme 3,14 Interaction between chlorofluorobisfdimethvIsilvImethvDacetamide

(3.9) and NMI
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Scheme 3.15 Interaction between chlorofluorobisrdimethvlsilvlmethvDacetamide

(3.9) and HMPA
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the pentacoordinate silicon atom and gave the substitution product (Table 3.10). 

Again the lack of the Si-P coupling is because the back reaction is fast even if the 

equilibrium lies to the right (Scheme 3.15).

Reaction of bromofluorobis(dimethvlsilvlmethvl)acetamide (3.10) with NMI

Substitution took place at the pentavalent silicon atom as expected, when NMI 

was added to bromofluorobis(dimethylsilylmethyl)acetamide (3.10). A gradual 

upfield shift of the silicon-29 NMR was observed as the concentration of NMI 

increased, indicating that the equilibrium lies more towards substitution 

(Scheme 3.16). The downfield shift of NMI in proton spectra confirmed the 

complexation of NMI with the silicon atom (Table 3.2).

Reaction of bromochlorobis(dimethvlsilvlmethvl)acetamide (3.11) with NMT

We observed the expected behaviour when NMI was added to bromochloro- 

bis(dimethylsilylmethyl)acetamide (3.11). The peak at -24.6 ppm observed in 

silicon-29 NMR before addition of NMI moved to -54.2 ppm on addition of 1 

equivalent of NMI. It clearly showed that the substitution was taking place at the 

pentacoordinate silicon. The down field shift of NMI in proton NMR proved the 

formation of a dative Si-N bond (Table 3.11). The peak assigned for the tetravalent 

silicon moved to about 8 ppm upfield on addition of 2 equivalents of NMI. It clearly 

showed that some substitution was taking place at the tetravalent silicon 

(Scheme 3.17) as was observed for 3.7 (X=C1).
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Scheme 3.16 Interaction, between bromofluorobisCdimethvlsiIvImethv1')acer3Tnidp,

r3.10^ and NMT
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Scheme 3.17 Interaction between bromochlorobisrdimethvlsilvlmethvnacetarm'dp.

n . i n  and NMT
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3.3 CONCLUSIONS AND SUMMARY:

The enhanced reactivity of pentavalent species, compared to tetravalent silicon has 

also been suggested by calculations which showed that only a small change in 

charge occured at silicon on going from the tetravalent to the pentavalent anionic 

species. However, a general loosening of aU bonds in the pentacoordinate state 

occured, and hence the enhanced reactivity was associated with a greater leaving 

group ability on going from tetra- to pentacoordinated species.

We observed an unexpected result when silyl fluoride (3.8) was treated with 

nucleophiles. Substitution took place at the four coordinate silicon instead of five. 

This unexpected behaviour was difficult to explain, but the most probable 

explanations could be put forward on the basis of our previous results observed on 

pyridone system.

(a) Our previous result has shown that the compound (3.15) was truly 

pentacoordinate whereas the compound (3.16) was more tetra than

N+ "O

SiMeo 
I  ̂

X

(3.15) X=C1
(3.16) X=F
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pentacoordinate. Perhaps this has made the Si-F bond less reactive in some way; 

possibly by ‘tightening’ the Si-F bond.

(b) Fluoride ion activates tetracoordinate silicon-fluoride, but not the pentavalent 

Si-F bond.

The greater reactivity of four coordinate silicon atom was lost when the fluorine 

atom attached to five coordinate silicon was replaced either by chlorine or bromine. 

So, addition of NMI or HMPA to (3.9) or (3.10) gave the substitution product 

exclusively at the pentacoordinate silicon.

The four coordinate Si-F coupling collapsed on addition of catalytic amount of 

Bu4 N+F’ to 3.8. It showed that F“ ion attacks the four coordinate silicon. But the 

five coordinate Si-F coupling constant starts collapsing as the amount of F" ion 

was increased. The mechanism of F" ion exchange has not been fully understood. 

The most probable mechanism was shown in Scheme 3.12.

In conclusion, the comparison between four and five coordinated silicon species 

showed that the latter were more reactive towards nucleophilic substitution 

(except the bis- fluoro amide 3.8, where four coordinate silicon atom was found to 

be more reactive). The enhanced reactivity observed was also suggested by 

calculations^^® which showed that in pentacoordinated anionic species there was 

only a small change in charge at silicon; however, a general loosening of all bonds 

in the pentacoordinated states occured, which showed that the enhanced reactivity 

of the pentavalent silicon was associated with a greater leaving group ability on 

going from four to five coordinate species 1̂ ®.
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The work described in this section is the first where investigations of five versus 

four coordinated silicon atom have been carried out under controlled conditions and 

even if some results were not absolutely clear-cut at least the situation is in a 

position to be resolved more readily than ever before.
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Table 3.1 Interaction between chlorofluorobisrdimethvlsilvlmethvDacetamide
(3.9) and N-methvlimidazole fNMII : NMR Data

Ô (ppm)
1 :0

Ratio of (3.9) : NMI 
1:0.5 1:1 1 :2 0 :1

H-2 - 9.2 9.3 9.0 7.4
IH H-4 - 7.6 7.7 7.6 7.0

H-5 - 7.2 7.2 7.2 6.9
NCH3 - 4.1 4.1 4.0 3.7
CH3SH 0.41 d 0.40 d 0.31 d 0.30 d -
3Jhf 7.6 Hz 7.6 Hz 7.3 Hz 7.2 Hz -
CH3Sib 0.51 0.50 0.43 0.47 -
COCH3 2 .2 2 .2 2 .2 2.3 -
CH2 Sia 3.2 d 3.4 d 3.4 d 3.4 d -
3Jhf 6 .6  Hz 6 .6  Hz 6 .6  Hz 6.5 Hz -

CHiSib 2 ,8 2 .8 2 .8 2.9 -

C-2 - 137.6 (sbr) 137.8 (sbr) 137.9 (sbr) 137.8
13c C-4 - 122.7 1 2 2 .6  (sbr) 124.1 129.5

C-5 - 122.7 1 2 2 .6  (sbr) 1 2 2 .0 1 2 0 .1

NCH3 - 35.3 34.9 34.3 -

CH3SH -1.9 d -1 .8  d -2 .1  d -2 .1  d -

2Jcf 14.2 Hz 14.2 Hz 14.2 Hz 13.0 Hz -

CH3Sib 6 .6 5.2 3.4 2 .2 -

COÇH3 17.4 17.5 17.2 17.2 -

CO 172.8 172.9 172.7 173.1 -
CH2 Sia 41.3 d 41.4 d 41.2 d 41.9 d -
2Jcf 15.5 Hz 15.5 Hz 15.5 Hz 15.5 Hz -
CH2 Sib 44.2 43.0 40.2 40.9 -

CH3 SH 28.9 d 29.3 d 29.6 d 29.7 d -

29Si ^JsiF 287.1 Hz 286.1 Hz 286.1 Hz 287.1 Hz -
CH3Sib -37.6 -38.1 (br) -50.6 (br) -54.7 -

Quantities used:
(3.9) (mmol) 2 2 2 2 -
NMI (mmol) - 1 2 4 2

Solvent : CDCI3, 2 ml
^Four coordinate silicon atom; ^Five coordinate silicon atom
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Table 3.2 Interaction between bromofluorobisrdimethvlsilvlmethvD
acetamideO.lOi and N-methvlimidazole (NMD : NMR Data

8  (ppm)
1 :0

Ratio of (3.10) : NMI 
1:0.5 1:1 1:1.5 0 :1

H-2 - 9.2 9.0 8 .6 7.4
IH H-4 - 7.6 7.5 7.4 7.0

H-5 - 7.2 7.2 7.2 6.9
NCH3 - 4.1 4.0 3.9 3.7
CH3SH 0.45 d 0.41 d 0.41 d 0.33 d -
3Jhf 6.3 Hz 6.3 Hz 6.3 Hz 8 .6  Hz -
CH3 Sib 0.65 0.46 0.46 0.46 -
COCH3 2.3 2 .2 2.3 2 .2 -
CHiSia 3.3 d 3.3 d 3.4 d 3.3 d -
^Ihf 5.9 Hz 5.9 Hz 5.9 Hz 5.9 Hz -
CHiSib 3.0 2 .8 2.7 2.9 -

C-2 - 136.8 136.8 137.0 137.8
13c C-4 - 122.9 123.3 124.7 129.5

C-5 - 1 2 2 .2 121.9 121.4 1 2 0 .1

NCH3 - 35.2 34.6 34.1 33.3
CH3 SH -1.7 d -1.7 d -2 .1  d -2 .1  d -
2Jcf 14.2 Hz 14.2 Hz 14.2 Hz 14.2 Hz -
CH3Sib 6.4 3.9 2 .0 2 .2 -
COÇH3 17.6 17.7 17.6 17.4 -
CO 173.7 172.9 172.3 172.8 -
CH2 Sia 41.9 d 41.3 d 41.9 d 42.0 d -
2Jcf 15.5 Hz 19.4 Hz 15.5 Hz 16.8 Hz -
CH2 Sib 45.6 41.3 40.8 40.8 -

CH3SH 28.9 d 29.4 d 29.6 d 29.6 d -
29Si IJsiF 286.1 Hz 286.1 Hz 286.1 Hz 286.1 Hz

CH3 Sib -23.0 -45.0 (br) -55.1 (sbr) -55.0 (sbr) -

Quantities used:
(3.10) (mmol) 2 2 2 2 -
NMI (mmol) - 1 2 3 2

Solvent : CDCI3, 2 ml
^Four coordinate silicon atom; l*Five coordinate silicon atom
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and N-methvlimidazole CNMD: NMR Data

5 (ppm)
1 :0 1:0.5

Ratio of (3.7PC=C1) 
1 :1  1 :2

: NMI
0 :1

H-2 - 9.0 92 8.5 7.4
IH H-4 - 7.5 7.7 7.3 7.0

H-5 - 7.1 7.5 7.2 6.9
N-CH3 - 4.0 4.3 3.9 3.7
CH3Sia 0.56 0.59 0.80 0.60 -
CH3 Sib 0.61 0.62 1 .0 0.85 -

COCH3 2 .2 2.3 2 .6 2.3 -
CH2 Sia 3.3 3.5 3.9 2.9 -
CHiSib 2 .8 2.9 3.1 3.7 -

C-2 - 137.4 138.4 138.4 137.8
13c C-4 - 123.0 124.9 126.6 129.5

C-5 - 122.3 1 2 1 .8 1 2 1 .8 1 2 0 .1

N-CH3 - 32.1 34.8 34.2 33.3
CH3Sia 1.9 1.7 1.5 0.40 -
CH3Sib 7.4 4.5 2 .6 2.5 -
COÇH3 17.6 17.4 17.7 17.8 -

CO 173.1 173.0 173.6 173.9 -
CH2 SH 42.6 35.0 41.2 40.9 -
CH2 Sib 44.6 42.5 42.5 42.1 -

29Si CH3Sia 26.8 27.2 26.0 19.1 -
CH3 Sib -39.9 null signal -53.9 (sbr) -54.4 -

Quantities used:
(3.7,X=Cl)(mmol) 2 2 2 2 -
NMI (mmol) — 1 2 4 2

Solvent: CDCI3 , 2ml

^Four coordinate silicon atom; ^Five coordinate silicon atom
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and hexamethvlnhosnhoramide (HMPAl: NMR Data

5(ppm)
1 :0

Ratio of (3.7 ,X=C1) 
1:0.5 1:1

: HMPA 
1:1.5 0 :1

N-CH 3 - 2.7d 2.7 d 2 .6  d 2 .8 d
IH 3J?h 9.8 Hz 9.3 Hz 9.3 Hz • 9.3 Hz

CH3Sia 0.56 0.44 0.39 0.38 -

CH3Sib 0.61 0 .6 6 0 .6 8 0.67 -

COCH3 2 . 2 2.3 2 .6 2.3 -

CH2 SH 3.3 3.6 3.7 3.8 -

CH2 Sib 2 .8 3.2 3.2 3.2 -

N-CH3 — 36.3 d 36.2 d 36.2 d 36.7 d
13c ------ 3.9 Hz 3.9 Hz 3.9 Hz 3.9 Hz

CH3Sia 1.9 1 .6 1 .6 1 .6 -

CH3Sib 7.4 5.4 4.7 4.8 -

COÇH3 17.6 17.5 17.5 17.5 -

CO 173.1 173.0 173.0 173.1 -

CH2 SH 42.6 42.2 42.1 42.1 -

CH2 Sib 44.6 42.2 42.1 . 42.1 -

29Si CH3Sia 26.8 27.8 28.0 28.0 -

CH3 Sib -39.9 -43.9 (sbr) -45.5 (sbr) -45.9 (sbr) -

Quantities used:
(3.7,X=Cl)(mmoI) 2 2 2 2 -  -

HMPA (mmol) 1 2 3 2

Solvent: CDCI3 , 2ml

^Four coordinate silicon atom; bpive coordinate silicon atom
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Table 3.5 Interaction between bisfbromodimethvlsilvlmethyliacetamide
f3.7.X=Bri and N-methylimidazole (NMD: NMR Data

Ô (ppm)
1 :0

Ratio of (3.7,X=Br) 
1:0.5 1:1

:NMI
1:1.5 0 :1

H-2 - 9.2 9.3 9.3 7.4
IH H-4 - 7.6 7.7 7.7 7.0

H-5 - 7.2 7.3 7.4 6.9
NCH3 - 4.1 4.1 4.1 3.7
CH3SH 0.73 0 .6 6 0.58 0.58 -

CH3 Sib 0.83 0.71 0.72 0 .8 6 -

COCH3 2.3 2.4 2.4 2.4 -

CH2 SH 3.6 3.6 3.7 3.9 -

CH2 Sib 3.2 3.1 2.9 2.9 -

C-2 - 136.6 136.7 137.1 137.8
13c C-4 - 122.5 122.5 122.7 129.5

C-5 - 121.3 1 2 1 .0 1 2 1 .0 1 2 0 .1

NCH3 - 35.3 35.0 34.8 33.3
CH3 SH 2.4 2 .0 1.4 0.63 -

CH3 Sib 6 .8 4.7 (sbr) 2.4 (sbr) 2 .0 -

COÇH3 17.9 17.6 17.5 17.4 -

CO 174.6 173.7 173.0 173.3 -

CH2 SH 43.0 42.6 40.8 40.6 -

CH2 Sib 46.4 43.0 (sbr) 42.2 41.5 -

29Si CH3 SH 26.0 26.8 27.3 24.3 -

CH3Sib -13.8 null signal -52.8 (sbr) -54.1 -

Quantities used:
(3.7,X=Br)(mmol) 2 2 2 2 -  -

NMI (mmol) — 1 2 3 2

Solvent: CDCI3 , 2ml

^Four coordinate silicon atom; bpive coordinate silicon atom
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N-methvlimidazole fNMIi: NMR Data

5(ppm)
1 :0 1:0.5

Ratio of (3.8) 
1 :1

:NMI
1:1.5 0 :1

H-2 —— 7.4 7.4 7.4 7.4
IH H-4 —— 7.0 7.0 7.0 7.0

H-5 —— 6.9 6.9 6.9 6.9
NCHs — 3.7 3.7 3.6 3.7
Œ 3SH 0.23d 0.18 0.18 0.18 ---
3Jhf 7.6 Hz -  - -  - -  - -  -

CHsSib 0.37d 0.32d 0.3 Id 0.30d -  -

3Jhf 7.6 Hz 8.3 Hz 7.8 Hz 7.3 Hz ---------

COCH3 2 .1 2 .1 2 .0 2 .0 -  -

CH2 SH 3.1d 3.1 3.1 3.1 -  -

3Jhf 6 .6  Hz -  - -  - “  - -  “

CH2Sib 2.4 2.4 2.4 2.4 ---

C-2 —— 137.7 137.4 137.4 137.8
13c C-4 —— 129.2 128.8 128.7 129.5

C-5 —— 1 2 0 .2 119.8 119.8 1 2 0 .1
NCH3 — 33.2 32.8 32.7 33.3
CH3 Sia -1 .8 d - 1 .8 -1.9 -1.9 “  -

2Jcp 14.2 Hz -  - -  - -  - -  -

CH3 Sib 1 .8 d 1.9d 1.9d 1.9d -  -

^JCF 24.6 Hz 24.6 Hz 25.9 Hz 24.6 Hz -  -

COÇH3 18.3 18.2 17.8 17.8 -  “

CO 171.2 171.2 170.9 170.9 -  —

CH2 SH 39.4 39.3 38.9 38.9 “  -

CH2 Sib 41.7d 41.4 41.0 41.0 -  -

2 Jcf 18.1Hz 10.4 Hz 10.4 Hz 10.4 Hz -  -

CH3SH 28.9 d null signal 30 (br) 30 (br) -  -

ĴSiF 287.1 Hz -  " -  - -  - -  -

29Si CH3 Sib -23.5 d -24.0 d -24.5 d -24.9 d -  -

ĴSiF 256.8 Hz 256.8 Hz 255.9 Hz 255.8 Hz -  -

Quantities used:
(3.8) (mmol) 2 2 2 2 -  -

NMI (mmol) 1 2 3 2

Solvent: CDCI3 , 2ml

^Four coordinate silicon atom; bpive coordinate silicon atom
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xauit/ JLlilC/i AL/liWli Ut/tWt/t/11 U10\ilUWlV>>U-llllW/UlV10i.lVllllV-/tllVlfaWWLailJLlU.t
hexamethvlnhosnhoramide (HMPAi: NMR Data

 ̂ WtQj- aiiu,

5 (ppm)
1 :0

Ratio of (3.8) : HMPA 
1:0.5 1:1 1:2 0 :1

NCH3 - 2.7 d 2.7 d 2 .6  d 2 .8  d
IH 3jpjj 9.3 Hz 9.3 Hz 9.4 Hz 9.3 Hz

CH3 Sia 0.23 d 0.37 0.38 0.37 -
3Jhf 7.6 Hz - - - -
CH3Sib 0.37 d 0.31 d 0.31 d 0.19 d -
3Jhf 7.6 Hz 7.8 Hz 7.8 Hz 7.6 Hz -
COCH3 2 .1 2 .1 2 .1 2 .1 -
CH2 Sia 3.1 d 3.1 3.1 3.1 -
^Jhf 6 .6  Hz - - - -
CH2 Sib 2.4 2.4 2.4 2.4 -

NCH3 ■ - 36.8 d 36.8 d 36.7 d 36.7 d
^Jpc 3.9 Hz 3.9 Hz 3.9 Hz 3.9 Hz
CH3SH -1 .8  d - 1 .8 - 1 .8 -1.9 -
^JCF 14.2 Hz - - - -
CH3Sib 1 .8  d 1.8 d 1.9 d 1.2 d -
^JCF 24.6 Hz 24.6 Hz 24.6 Hz 25.9 Hz -
COÇH3 18.3 18.2 18.2 18.2 -
CO 171.2 171.2 171.3 171.2 -
CH2 Sia 39.4 39.3 39.3 39.2 -
CH2 Sib 41.7 d 41.4 d 41.4 d 41.3 -
% F 18.1Hz 11.7 Hz 11.7 Hz 10.4 Hz -

CH3SH 28.9 d null signal 30.9 (br) 29.1 (br) -
^JsiF 287.1 Hz - - - -

29Si CH3Sib -23.5 d -24.0 d -24.5 d -25.2 d -
ĴSiF 256.8 Hz 255.9 Hz 255.9 Hz 256.8 Hz -

Quantities used:
(3.8) (mmol) 2 2 2 2 -
HMPA (mmol) - 1 2 4 2
Solvent : CDCI3,2ml
^Four coordinate silicon atom; bpive coordinate silicon atom



Table 3.8 Interaction between bisffluorodimethvlsilvlmethvDacetamide T3.81

and tetrabutvlammonium fluoride: NMR Data

137

S(ppm) Ratio of (3.8): BU4 N+F-
1 :0 l:trace 1:0.25 1:0.5 1 :1

CHsSH 0.23 d 0.18 0.17 0.15 0 .1 1

7.6 Hz "  - -  - -  - -  •

CHsSib 0.37 d 0.32 d 0.32 d 0.33 0.31
3Jhf 7.6 Hz 9.3 Hz 9.0 Hz -  - -  -

COCH3 2 .1 2 .1 2 .1 2 .0 2 .1

CH2 Sia 3.1 d 3.1 3.2 3.3 3.2
3Jhf 6 .6  Hz -  - -  - — -  -

CH2 Sib 2.4 2.4 2.4 2.4 2.4

CH3SH -1 .8  d -1.7 -1.7 - 1 . 6 -1.4
14.2 Hz -  - -  - -  _ —

CH3Sib 1 .8  d 1.9 d 1 .8  d 1.9 -2 . 1

% F 24.6 Hz 24.6 Hz 24.5 Hz — -  -

COCH3 18.3 18.3 18.4 18.1 17.9
CO 171.2 171.2 170.9 170.0 170.2
CH2 SH 39.4 39.4 39.3 39.0 35.7
CH2 Sib 41.7 d 41.5 d 41.1 d 41.0 (sbr) 37.4
^JCF 18.1Hz 11.7 Hz 11.5 Hz — -  -

CH3SH 28.9 d 28.3 (br) 13.9 -18.0(sbr) -74.2(sbr)
29Si IJsiF 287.1 Hz "  - -  " -  - -  -

CH3 Sib -23.5 d -23.8 d -23.4 d(br) null signal -25.2(sbr)

ĴCF 256.8 Hz 256.8 Hz -  - -  - -  -

Quantities used:
(3.8) (mmol) 2 2 2 2 2

BU4 N+F- (mmol) — 2  drops 0.5 1 2

Solvent: CDCI3 , 2 ml
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Table 3.9 Interaction between fluorodimethvlsilvlmethvl-N-methvlacetamide
C3.13i and N-methvlimidazole (NMD : NMR Data

Ô (ppm) Ratio of (3.13) : NMI
1 :0 1:0.5 1 :1 1:4 0 :1

H-2 - 7.4 7.4 7.4 7.4
IH H-4 - 7.0 7.0 7.0 7.0

H-5 - 6.9 6.9 6.9 6.9
NCHs - 3.7 3.6 3.6 3.7
CHsSi 0 . 2 2  d 0.23 d 0 .2 2  d 0 .2 2  d -
3Jhf 7.8 Hz 7.8 Hz 7.8 Hz 7.8 Hz -
COCHs 2 .1 2 .1 2 .0 2 .0 -
CH2 Si 2.4 2.4 2.4 2.3 -
NCHs 3.1 3.1 3.0 3.0 -

C-2 - 137.8 137.8 137.8 137.8
13c C-4 - 129.3 129.1 129.0 129.5

C-5 - 1 2 0 .2 1 2 0 .2 120.3 1 2 0 .1

NCHs - 33.2 33.2 33.0 33.3
CHsSi 1.7 d 1.9 d 1.9 d 2 .1  d -
% F 20.7 Hz 24.6 Hz 24.6 Hz 24.6 Hz
COCHs 18.3 18.2 18.2 18.0 -
CO 171.7 171.7 171.7 171.7 -
CHiSi 39.7 d 39.6 d 39.6d 39.5 d -
% F 40.1Hz 41.4 Hz 41.4 Hz 41.4 Hz
NCHs 37.8 37.8 37.7 37.7 -

29Si CHsSi -2 1 . 2  d -2 1 .8  d -22.5 d -23.9 d -
ĴSiF 258.8 Hz 256.8 Hz 255.9 Hz 255.9 Hz

Quantities used I
(3.13) (mmol) 2 2 2 2 -
NMI (mmol) - 1 2 8 2

Solvent : CDCls, 2  ml
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('3.9') and hexamethvlnhosuhoramide (HMPA) : NMR Data

Ô (ppm) Ratio of (3.9) : HMPA
1 :0 1:0.5 1 :1 1 :2 0 :1

NCHs - 2.7 d 2.7 d 2.7 d 2 .8  d
3jpH 9.8 Hz 9.3 Hz 9.8 Hz 9.3 Hz

IR CHsSia 0.41 d 0.35 d 0.33 d 0.31 d -

3Jhf 7.6 Hz 6.1 Hz 6.0 Hz .6.0 Hz -

CHgSib 0.51 0.46 0.40 0.39 -

COCH3 2 2 2 .2 23 2.3 -

CH2 Sia 3.2 d 3.3 d 3.5 d 3.4 d -

3Jhf 6 .6  Hz 7.1 Hz 7.1 Hz 7.0 Hz -

CH2 Sib 2 .8 3.1 3.2 3.3 -

NCH3 - 36.7 d 36.7 d 36.7 d -

- 5.2 Hz 3.9 Hz 3.9 Hz 3.9 Hz
13c CH3Sia -1.9 d -1 .8  d -1 .8  d -1.9 d -

14.2 Hz 14.2 Hz 14.2 Hz 14.2 Hz -

CH3Sib 6 .6 5.5 4.8 4.4 -

COÇH3 17.4 17.7 17.7 17.7 -

CO 172.8 173.0 173.1 173.1 -

CH2 Sia 41.3 d 41.5 d 41.5 d 41.5 d -

^JCF 15.5 Hz 15.5 Hz 14.2 Hz 15.5 Hz -

CH2 Sib 44.2 43.1 42.5 42.5 -

29Si CH3SP 283) d 29.3 d 29.6 d 29.8 d -

ĴSiF 287.1Hz 286.1 Hz 287.1 Hz 286.1 Hz -

CH3 Sib -37.6 -40.3 (sbr) -45.8 (sbr) -45.9 (sbr) -

Quantities used:
(3.9) (mmol) 2 2 2 2 -

HMPA (mmol) - 1 2 4 2

Solvent : CDCI3 , 2 ml

^Four coordinate silicon atom; ^Five coordinate silicon atom
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G .ID  and N-methvlimidazole (NMD : NMR Data

8  (ppm)
1 :0

Ratio of (3.11) 
1:0.5 1:1

:NMI
1 :2 0 :1

H-2 - 9.2 8.7 8.4 7.4
IH H-4 - 7.6 7.3 7.2 7.0

H-5 - 7.2 7.1 7.0 6.9
NCH3 - 4.1 3.7 3.7 3.7
CH3Sia 0 . 6 6 0.57 0.30 0.29 -

CH3Sib 0 .6 8 0.67 0.62 0.64 -

COCH3 2.3 2.3 2 .1 2 .0 -
CH2 Sia 3.4 3.6 3.1 3.0 -

CHiSib 3.0 2.9 2.5 2.5 -

C-2 - 137.6 1382 137.8 137.8
13c C-4 - 123.1 124.1 125.5 129.5

C-5 - 1 2 2 .8 122.7 1 2 1 .6 1 2 0 .1

NCH3 - 35.5 35.0 34.1 33.3
Œ3Sia 2 .1 2 .1 1 .2 -0.29 -

CH3Sib 7.0 4.0 2 .6 2 .1 -

COÇH3 17.8 17.9 17.9 17.5 -

CO 174.0 173.5 173.6 173.5 -

CH2 SP 45.7 42.8 42.3 41.5 -

CH2 Sib 42.9 42.3 41.1 40.6 -

CH3Sia 26.9 27.5 25.4 18.4 -

29Si CH3Sib -24.6 -51.1 (br) -54.2 -54.4 -

Quantities used:
(3.11)(mmol) 2 2 2 2 -

NMI (mmol) - 1 2 4 2

Solvent : CDCI3 , 2 ml

^Four coordinate silicon atom; ^Five coordinate silicon atom



CHAPTER FOUR

Synthesis o f  Hexacoordinate Organosilylamides
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4.1 INTRODUCTION :

Relative to carbon, silicon compounds with a coordination number less than four 

are usually not common. But the silicon atom is capable of increasing its 

coordination number to five or six or even seven, especially when it is bonded to an 

electronegative atom. Hexacoordinated silicon compounds can be neutral due to 

inter- and intramolecular interactions of the donor acceptor type, anionic or cationic 

complexes. Hexacoordinated silicon species have frequently been proposed as 

intermediates or transition state formed during the course of a chemical 

r e a c t i o n ^ ^ ’ i 2 2 , 1 3 8 , 1 5 1 , 1 5 2 ^  Such species are uncharged when they are formed by 

nucleophüic solvents such as hexamethylphosphoramide, dimethylformamide or 

dimethylsulphoxide, e.g., in the racemization^^^, hydrolysis or alcoholysis of 

chlorosilanes^^^. Anionic complexes result in the activation of SiH^^^, 

SiOl38,153-156^ SiN l57 and sjç;92,142,158,159 bonds by fluoride anions.

Hexafluorosilicate ion SiFb^", knownlbO since the beginning of the 19th century, is 

the parent of the anionic complexes RSiF^^-. The latter is obtained as a crystalline 

potassium salt by treating RSiClg with excess of potassium fluoride in aqueous or 

aqueous/alcoholic solutionnai. Hexacoordinate anionic complexes with oxygen 

donors have been described only with chelating ligands. Most are salts of tris- 

chelate dianions which may be formed from both aromatic 1^  ̂and aliphatic 1̂ 3 

1,2-diols. A typical example is spirocyclic anion Si(-0 C6H4 0 )3^“ (4.1) which is
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(4 .1 )

obtained from the reaction of catechol with silical^^ X-ray study has shown"^  ̂ that 

each of the three cyclic ligands at the silicon is non planar, and the maximum 

distance from the plane is 0.037Â. The anion assumes almost octahedral geometry. 

All OSiO angles differ from the ideal angles of 90° and 180° in the octahedron. The 

Si-O bonds are not equivalent (1.765-1.813Â)49.

Many hexacoordinate complexes with neutral monodentate and bidentate nitrogen 

donors and some with oxygen donors are knownl^^465 A significant study of 

complexes formed with 2 ,2 ’-bipyridyl or 1 ,1 0 -phenanthroline has resulted in the 

characterisation of bis-chelate dications of type (4 .2 ) 1 6 6  and (4.3)167 respectively.

n  2

(4.2) (4.3)

Groups X and Y range from hydroxyl, methoxyl and halogen to hydrogen, methyl 

and phenyl. Other silicon complexes of the type Si(bipyridyl)3l4 l6 6 , 

Si(phenanthroline)3 l 4 l68 and Si(pyridine-N-oxide)6 l4 l^^ have also been prepared
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in which silicon cation of charge +4 are present. Recently, preliminary structural 

data have been prepared for O-silyl-substituted N,N-dimethylaminomethyl- 

benzene (4.4) with a suggested heptacoordinate silicon atom^^O.

iH

Me

(4.4)

In the course of our studies on the mapping of nucleophüic substitution in solution 

and the reactivity of hypervalent silicon species, we were interested in exploring 

the conditions under which hexacoordinated silicon compounds may be formed.

Following the concepts developed by Dunitz^, who demonstrated that the 

interactions between nucleophüic and electrophilic centres in the crystal are a good 

picture of transition state or intermediates of corresponding chemical reactions. We 

were interested in synthesising new hexacoordinated süicon compounds and to 

study their crystal structures although in this latter aspect we were unsuccessful.

4.2 RESULTS AND DISCUSSION :

The reaction of 2 equivalents of 2-trimethylsüoxy-6-methylpyridine (4.5a) with 1 

equivalent of dichloromethyl(methyldichloro)silane furnished a compound, m.p. 

178°C. The mass spectrum gave the molecular ion peak at m/z 342/344/346 

(10:6:1) indicating the presence of two chlorines in it. In the siUcon-29 NMR
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+ ClfHSiMeClz

N OSiMe^

(4.5) a) Y=6 -Me
b) Y=H
c) Y=3-OMe

N t Cl

(4.6) a) Y=6 -Me
b) Y=H
c) Y=3-OMe

spectrum the peak at -120.4 ppm was assigned for the hexacoordinated silicon. In 

the proton NMR spectrum the singlet at 5.3 ppm was assigned to the methine 

proton. Therefore, structure (4.6a) was assigned to the reaction product. Only one 

set of carbon-13 signals were observed for (4.6a) for both the aromatic rings 

which showed that the two rings were in identical environments.

Similarly, the reactions of 2-trimethylsiloxypyridine (4.5b) and 2-trimethylsiloxy- 

3-methoxypyridine (4.5c) with dichloromethyl(methyldichloro)silane furnished the 

corresponding hexacoordinated silicon compounds (4.6b) and (4.6c) respectively.

We observed that the reaction proceeds through the intermediate (4.7) and then 

finally rearranged to give the hexacoordinated species. Formation of the 

intermediate 4.7 was a fast process and the 2nd step i.e., the formation of the 

hexacoordinated species was a slow process. For example when the NMR of a 

mixture of 2-trimethylsiloxy-6-methylpyridine (4.5a) and dichloromethyl 

(methyldichloro)silane was recorded after 2 hrs., we observed a peak at -23.2 ppm 

in silicon-29 NMR which suggested that the silicon atom was in tetravalent state. 

There was only one set of peaks in carbon-13 NMR. The values were 108.9, 117.3,



146

139.7, 156.3, 160.0 ppm. which showed that both the rings A and B were in 

pyridine form as shown in Scheme 4.1. An additional peak at -120.4 ppm in 

silicon-29 NMR was observed when the NMR of the reaction mixture was 

recorded after 1 0  hrs, which showed the formation of the hexacoordinated species. 

Two sets of signals were observed in the carbon-13 NMR. The signals at 108.6, 

118.1, 140.3, 156.4, and 159.4 ppm was assigned for the rings, which were in 

pyridine form and the signals at 113.8, 115.3, 144.6, 149.8, 165.8 ppm was assigned 

for the rings, which were in pyridinium ion form. The peak at -23.2 ppm that was 

observed in silicon-29 NMR and the carbon-13 chemical shifts observed, when the 

NMR of the reaction mixture was recorded after 2 hrs, disappeared completely 

after 45 hrs and a single peak at -120.4 ppm in silicon-29 NMR and a single set of 

resonance in carbon-13 NMR were observed, which confirmed the complete 

conversion to six coordinated silicon species to give the compound (4.6a) as 

shown in Scheme 4.1.

+ CloCHSiMeCL
Me

fast

Me

Si-----

Me Me"

Me

slow
A +N-

Me'Me

(4.7)

Scheme 4.1
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The extent of 0-Si bond formation of 4.6a was determined by comparing their 

carbon-13 chemical shifts with 6 -Me substituted pyridone derivatives 

(Figure 4.1) and was found to be approximately 60%. Comparison of carbon-13 

chemical shifts of 4.6b and 4.6c with their respective pyridone derivatives (Figures

4.2 and 4.3) showed that they were approximately 50% and 70% respectively.

The stereochemistry of the hexacoordinated silicon compounds were found to be 

solvent dependent. For example, when the silicon-29 NMR of the compound 

(4.6b) was recorded in CD3OD, only one signal at -127.0 ppm was observed.

There was only one set of signals in carbon-13 NMR. But when the silicon-29 

NMR was recorded in DMSO-d^, an additional peak at -131.1 ppm was observed 

and an additional set of signals, which were very close together was observed in 

carbon-13 NMR. Two sets of peaks each for -CH carbon (62.6, 65.3 ppm) and 

SiMe (5.5, 13.0 ppm) were observed in carbon-13 NMR, which showed that the 

compound (4.6b) can exists m two different isomers in DMSO-dg. Similarly, we 

observed two signals in silicon-29 NMR for 4.6c.

Model study has shown that there could be two possible major isomers as shown 

in Figures 4.4 and 4.5. One isomer may be due to two chlorine and oxygen atoms 

trans to each other with the methyl group in the axial position. Here the two 

aromatic rings are flanked by about 130° as shown in Figure 4.4. The other isomer 

may be due to the two chlorine and oxygen atoms cis to each other with the methyl 

group in the axial position. The aromatic rings are flanked by about 180° as shown 

in Figure 4.5. .

Reaction of 4.5a with antimony trifluoride in benzene furnished a compound, 

m.p.l53°C. The mass spectrum gave the molecular ion peak at 310. A triplet at
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Eigmg 4.1 Comparison of C-13 chemical shifts of 4.6a with 

6 -Me silylpyridones (2.1B, Y=6 -Me)
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Figure 4.2 Comparison of C-13 chemical shifts of 4.6b with 

unsubstituted silylpyridones (2.IB, Y=H)
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Figure 4.3 Comparison of C-13 chemical shifts of 4.6c, with 

3-OMe silylpyridones (2.1B, Y=3-0Me)

(2.14B)
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Figure 4.4 A possible isomer of 4.6b

o

Figure 4.5 An alternative isomer of 4.6b
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-82.9 ppm with coupling constant 262.7 Hz observed in silicon-29 NMR was 

assigned to the pentavalent silicon. Although this a rather high value for 

pentacoordinate silicon it is observed that fluorine has a high field shielding effect 

compared with chlorine. The silicon-29 chemical shift of difluoromethylsilylpyrid-

2-one (2.10B, Y=H) is -59.9 ppm which shows that there is probably some 

additional coordination from the pyridone ring. A singlet at 6.0 ppm in proton NMR 

was assigned to the methine proton. Two signals in the carbon-13 NMR each at

20.6 and 21.4 ppm were observed for the methyl group attached to the aromatic 

rings.

Me,

We also observed two sets of signals in carbon-13 NMR for the ring, which 

showed that the two aromatic rings were in two different forms. Close 

examinations have shown that one set of signals were very similar to that of 

disiloxane (2.14B, Y=6 -Me, Chapter-2B, Table 2.6B), where the ring was in 

pyridone form and the other set to disiloxane triflate (2.15B, Y=6 -Me, 

Chapter-2B, Table 2.6B) where the ring was in pyridinium ion form. Therefore, the 

structure 4.8 was assigned to the reaction product. The extent of reaction for one 

oxygen atom was about 1 0 % and about 60% for the other oxygen and the results 

are shown in Figure 4.6
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Egure_4.6 Compaiision of C-13 chemical shifts of difluoromethylsilylmethyl- 

bis(6-methylpyiid-2-one) (4.8) with 6 -Me silyl pyridones.
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Several attempts to recrystallise the reaction product either by using different 

solvent mixtures or by sublimation were made but failed. So, we were unable to 

determine the X-ray structure of our hexacoordinated complexes.



EXPERIM ENTAL
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PURIFICATION OF STARTING REAGENTS

Chemicals were purified either by distillation, or by simply storing over molecular 

sieves under nitrogen prior to use. Distillations were carried out at reduced press

ure where appropriate. The pressure was adjusted to achieve a distillation 

temperature of between 50-100°C if possible.

Chloroform: BDH Chemicals Ltd., ‘Analar’, was washed several times with water 

to remove the ethanol stabilizer, dried with potassium carbonate and distilled in 

the dark from calcium chloride, and finally stored under nitrogen in a light proof 

container, over 4A molecular sieve.

Hexane: BDH Chemicals Ltd., ‘Analar’. Distilled from sodium wire. 

Hexamethylphosphoramide: Aldrich Chemical Co. Ltd., distilled from phosphorus 

pentoxide and stored over 4A molecular sieve.

Tetrahydrofuran: Rathbum Chemicals Ltd., HPLC grade; refluxed and distilled 

from calcium hydride under nitrogen.

Ether: BDH Chemicals Ltd., dried with sodium wire, followed by refluxing and 

distilling from calcium hydride under nitrogen.

Benzene: BHD Chemicals Ltd., ‘Analar’, dried with calcium chloride prior to 

distillation.

a) The following compounds were allowed to stand for at least two days over 4A 

molecular sieve, distilled and stored over 4A molecular sieve under nitrogen.

1 -Methylimidazole (Aldrich Chemical Co. Ltd.)

l-Methyl-2-pyridone (Aldrich Chemical Co. Ltd.)
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b) Reagent grade solvents and the chemicals listed below were stored over 4A 

molecular sieve and used without further purification:

Dichloromethane-d2  (Aldrich Chemical Co. Ltd., GOLD LABEL,

99.6 atom % D)

Acetonitrile-dg (Aldrich Chemical Co. Ltd., GOLD LABEL, 99 atom % D) 

Acetone-(% (Aldrich Chemical Co. Ltd., GOLD LABEL, 99.5 atom % D) 

Chloroform-di (Aldrich Chemical Co. Ltd., GOLD LABEL, 99.8 atom % D) 

Methanol-d4  (Aldrich Chemical Co. Ltd. GOLD LABEL. 99.8 atom % D)

c) The following compounds were distilled from potassium hydroxide and 4A 

molecular sieve:

Pyridine (Aldrich Chemical Co. Ltd.)

Tiiethylamine (Aldrich Chemical Co. Ltd.)

d) Since some of the chemicals are very reactive towards molecular sieves, 

distillations were carried out in the absence of any drying agents in these cases:

Tiifluoromethanesulphonic acid (Aldrich Chemicals Co. Ltd.)

Trimethylsilyl triflate (Aldrich Chemicals Co. Ltd.) 

Bis(trimethylsilyl)acetamide (Aldrich Chemical Co. Ltd.) 

N-Methyl-N-trimethylsilylacetamide (Fluka AG, purum)

e) The following reagents have been used without any purification:

Chloromethyldimethylchlorosilane (Aldrich Chemical Co. Ltd.) 

Chloromethyldichloromethylsilane (Aldrich Chemical Co. Ltd.) 

Chloromethyltrichlorosilane (Aldrich Chemical Co. Ltd.) 

Dichloromethyl(methyldichloro)silane (Fluorochem. Ltd.)

Antimony trifluoride (Aldrich Chemical Co. Ltd.) 

N,N-diethyltrimethylsilylamine (Aldrich Chemical Co. Ltd.)



156

2-Hydroxypyridine (Aldrich Chemical Co. Ltd.)

3-Methoxy-2(lH)-pyridone (Aldrich Chemicals Co. Ltd.) 

2-Hydroxy-3-nitropyridine (Aldrich Chemical Co. Ltd.)

2-Hydroxy-6-methylpyridine (Aldrich Chemical Co. Ltd.)

5-Chloro-2-pyridinol (Aldrich Chemical Co. Ltd.)

6-Chloro-2-pyridinol (Aldrich Chemical Co. Ltd.)

NMR PARAMETERS

All spectral measurements were made on a Jeol FX90 Q n.m.r. spectrometer , 

equipped with a tunable, multinuclear probe. Tetramethylsilane was taken as the 

reference. The spectral parameters were generally as follows:

^H: spectral width, 89.56 MHz, 1000 Hz; pulse width, 20|xs; pulse 

delay, 0 .1s.

l^C: spectral width, 22.5 MHz, 5302 Hz (-16 to 219 ppm); pulse width, 

12jis; pulse delay, 1.0s; completely decoupled, exponential window, 1.24 Hz 

2^Si: spectral width, 17.76 MHz, 4000 Hz (65 to -160 ppm); pulse width, 

12|is; pulse delay, 15s; proton decoupled, exponential window, 18 Hz.

SOURCES OF ERROR

Extensive precautions were taken to exclude moisture, when handling moisture 

sensitive compounds, but the possibility of a small percentage of hydrolysis 

cannot be entirely discounted.
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AU compounds including both silanes and nucleophiles were handled under 

nitrogen. The normal techniques used for handling moisture sensitive compounds 

were employed i.e. transfer in dry nitrogen glove box or via stainless steel needles 

etc.. Chemicals were stored in reagent bottles with either PTFE-sUicon rubber 

septa valves(Pierce Miniert Valves) or PTFE-siUcon rubber septa caps. The 

septa were replaced regularly because they reacted with reactive silanes e.g., 

trifUc acid, trimethylsilyltriflate and also to prevent moisture entering through the 

punctures. In addition, reagent bottles were stored in a silica gel dessicator or 

used entirely in a nitrogen glove box. Fine gauge stainless steel needles with a 

non-coring tip were used to minimise the damage to septa.

Weighings were done on a Sartorius 2000 MP digital balance. Hamilton gas tight 

syringes of appropriate size were used for measuring quantities of reagents. 

Accuracy of these syringes were determined by weighing measured volumes of 

distiUed water. The maximum deviation from the indicated volume was found to be 

±0.7%.

MELTING POINTS;

These were determined on a Electrothermal Digital melting point apparatus. 

ELEMENTAL ANALYSIS;

Elemental analysis were carried out by MEDAC LTD. The elemental analysis 

was difficult with some of our new compounds. Several samples of some 

compounds were analysed and found to be acceptable by H, N (and halogen) but C
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was frequently low. This may be due to carbide formation.

MAJSS SPECTRA

Mass spectra were recorded on a VG20-250 mass spectrometer.
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GENERAL PROCEDURE FOR THE STLYLATTON OF 2-PYRIDONE 

W ITH PTETHYLAMTNETRIMETHYLSTLANE171

25 mmol of 2- Pyridone was dissolved in 10 ml benzene. 25 mmol of diethylamine- 

trimethylsilane was added to it and the reaction mixture was refluxed for 5 hrs. 

under nitrogen. The volatile materials were removed under reduced pressure and 

finally the product was isolated by distillation.

The siloxypyridines used for the synthesis of silylpyridones used as an 

intermediates without analysis other than NMR.

i) 2-Trimethvlsiloxvpvridine (2.2B. Y=H1

2- Pyridone 2.38 g 

Diethylaminetrimethylsilane 4.74 ml 

Yield 3.02 g, 72.3%

B.P. 37°C/ 1 m m H g ( L i t l 7 1 .  34-38'C / 1 mmHg)

NMR 5/ ppm (CDCI3 , TMS)

0.35 (s, 9H, SiMes), 6 .6 -8 .1 (m, 4H, arom)

%  0.52, 112.3/116.2, 138.3, 146.7, 162.2

29si 19.9

ii) 2-Trimethvlsiloxv-6-methvlDvridine f2.2B. Y=6 -Me)

2-Hydroxy-6-methylpyridine 2.73 g 

Diethylaminetrimethylsilane 4.74 ml 

Yield 2.94 g, 65%
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B.P. 45°C/0.2im nHg(Litl71.44°C/0.2m m Hg)

NMR 5 /ppm (CDCI3 , TMS)

IH 0.34 (s, 9H, SiMe3 ), 2.33 (s, 3H, Me), 

Ô.4-7.4 (m, 3H, arom)

13c 0.57,24.0,109.2,115,6, 139.0, 156.2,162.2,

29si 19.3

iiil 2-Trimethvlsiloxv-3-methoxvpvridine 12.28. Y=3-OMeV

3-Methoxy-2-hydroxypyri(lme 3.13 g 

Diethylanimetrimethylsilaiïe 4.74 ml 

Yield 3.94 g, 80%

B.P. 6 6 ° C /0 .5mmHg

NMR 5/ ppm (CDCI3 , TMS)

IH 0.36 (s, 9H, SiMe3), 3.75 (s, 3H, OMe), 

6.8r7.7 (m, 3H, arom)

13c -0.57. 55.0. 116.6, 117.8, 137.0, 114.4,152.5

29si 20.7

iv) 2-trimethvlsiloxv-5-chloropvridine (2.2B. Y=5-C1)

5-Chloro-2-hydTOxypyridine 3.24 g 

Diethylaminetrimethylsilane 4,74 ml 

Yield 4.24 g, 84.4%

B.P. 60°C /2m m H g

NMR 5/ ppm (CD3 CN. TMS)

IH 0.34 (s, 9H, SiMe3 ), 6.5-8.1 (m, 3H, arom)
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13c -0.23, 110.6, 116.2, 140.7, 147.9, 161.8,

29Si 21.4

v) 2-Trimethvlsiloxv-3-nitropvridine (2.2B. Y=3-N0o)

2-Hydroxy-3-nitropyridine 3.5 g 

Diethylaminetriine±ylsilane 4.74 ml 

Yield 4.19 g, 79%

B.P. 92"C /0.5 mmHg

NMR 5/ ppm (CD3 CN+CDCI3 , 1:1, TMS)

iH 0.40 (s, 9H, SiMe3 ), 7.0-8.3 (m, 3H, arom)

13c -0.34, 116.9, 134.8, 142.5, 151.6, 154.7

29si 25.5

vil 2-Trimethvlsiloxv-6-chloropvridine (2.2B. Y=6 -CB

6-Chloro-2-hydroxypyridine 3.24 g 

Diethylaminetrimethylsilane 4.74 ml 

Yield 4.27 g, 85%

B.P. 67°C /3m m H g

NMR 5/ ppm (CDCI3 , TMS)

IH 0.36 (s, 9H, SiMes), 6.5-7.6  (m, 3H, arom)

. 13c -0.29, 113.5, 123.8, 138.4, 145.3, 160.8

29si 22.4
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GENERAL PROCEDURE FOR THE SYNTHESIS OF FIVE COORDINATE 

SILYL CHLQRm E ^ F RQM SKLYLATEP FYRm QNES AND 

CHLQRQMETHYLDIMETHYLCHLQRQSILANE

Chloromethyldimethylchlorosüane in dry ether was added slowly into a stirred 

solution of 2 -trimethylsiloxypyridine (both are eqiumolar amounts) in dry ether 

under nitrogen. The reaction mixture was stirred for Ih. The solid was filtered 

under nitrogen and dried under vacuum

i) Synthesis of chlorodimethvlsilvlmethvlpvrid-2-one (U B a . Y=H)

2-Trimethylsiloxypyridine 0.4 ig, 2.46 mmol 

Chloromethyldimethylchlorosilane 325 pi, 2.46 mmol 

Yield 0.43 g, 87%

M.P. 91-94°C

NMR

Analysis

5/ ppm (CDCI3+CD3CN, 1:1, TMS)

IR 0.64 (s, 6 H, SiMei), 3.7 (s, 2H, NCH2 ),

6.8-7.9 (m, 4H, arom)

13c 7.5, 42.2, 113.6, 115.8, 140.0,143.3, 160.1 

29Si -41.1

Found: C, 46.79; H, 6.06; N, 6.78; Cl, 17.14. 

CgHnNOClSi calcd.: C, 47.63; H, 6.01; N, 6.94; 

Cl, 17.57.
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ii) Synthesis of chloiüdimethvlsiIvImethvI-6-methvlpvrid-2-one (2.4Ba. Y= 6- 

Me)

2-Trimethysiloxy-6-methylpyridine 0.4 g, 2.21 mmol 

Chloromethyldimethylchlorosilane 293pi, 2.21 mmol 

Yield 0.40 g, 84%

M.P. 99-104°C

NMR S/ ppm (CDCI3+2 drops CD3OD, TMS)

IH 0.53 (s, 6H, SiMei), 2.7 (s, 3H, Me) ' 

3.7 (s, 2H, NCH2), 6.8-8.0 (m, 3H, arom) 

13c 1.21, 20.6, 37.8, 111.3, 115.6, 144.8,

151.0,163.4 

29Si -24.7

Found: C, 49.90; H, 6.46; N, 6.42; Cl, 16.50. 

CpHnNOClSi calcd.: C, 50.10; H, 6.54; N, 6.49; 

Cl, 16.43.

iii) Synthesis of chlorodimethylsilvlmethvl-3-methoxvpvrid-2-one 

(2.4Ba. Y= 3-OMg)

2-Trimethylsiloxy-3-methoxypyridine 0.30 g, 1.52 mmol 

Chloromethyldimethylchlorosilane 202pl, 1.52 mmol 

Yield 0.31 g, 88.1%

M.P. 96-99°C
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NMR

Mass

Analysis

6 / ppm (CD3 CN, TMS)

IR 0.62 (s, 6 H, SiMei), 3.7 (s, 2 H, NCH2 ),

3.9 (s, 3H, OMe), 6.1-1.6 (m, 3H, arom)

13c 6.4,43.6, 56.6,110.9,118.0,129.5,147,2,157.6 

29Si -32.0

m/z: 231/233 (3:1, M+), 216/218 (3:1),

200/202 (3:1), 196,181.

Found: C, 44.24; H, 6.01; N, 5.65. C9Hi4N0 2 ClSi 

cMcd.: C, 46.64; H, 6.09; N, 6.04.

iv) Synthesis of chlorodimethvlsilvlmethvI-5-chloropvTid-2-one f2.4Ba. Y=5-CI1

2-Trimethylsiloxy-5-chloropyridine 0.54 g, 2.69 mmol 

Chloromethyldimethylchlorosilane 356|j1, 2.69 mmol 

Yield 0.56 g, 88.2%

M.P. 99-106°C

NMR

Mass

Analysis

5/ppm (CD3OD, TMS)

IR 0.46 (s, 6 H, SiMez), 4.0 (s, 2 H, NCH2 ),

7.2-S.4 (m, 3H, arom)

13c 1.2,43.0,116.2,120.8, 138.2,144.7,160.9.

29Si -17.1

m/z: 235/237/239 (10:6:1, M+), 220/222/224 (10:6:1) 

200/202 (3:1), 165.

Found: C, 40.54; H. 4.72; N, 5.92. CgHnNOChSi

calcd.: C, 40.69; H, 4.69; N, 5.93.
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y) Synthesis of chlorodimethvlsüvlmethvl-3-nitropvrid-2-one r2.4Ba. Y= S-NOoV

2-Trimethylsiloxy-3-nitropyridine 0.57 g, 2.69 mmol 

Chloromethyldimethylchlorosilane 356pü, 2.69 mmol 

Yield 0.51 g, 77%

M.P. 96-100°C

NMR

Mass

Analysis

6 / ppm (CD3 CN+ 2  drops DMSO-d^, TMS)

IR 0-50 (s, 6 R, SiMe2 ). 3.7 (s, 2R, NCR2 ).

6.7-S.4 (m, 3R, arom)

13c -0.57, 43.8, 105.9, 136.7, 140.1,146.4, 156.6. 

29si -25.0

m/z : 246/248 (3:1, M+), 231/233 (3:1), 211, 185/187 

. (3:1), 165.

Found: C, 39.21; R, 4.52; N, 11.39. CgRiiN2 0 3 ClSi 

calcd.: C, 38.95; R, 4.49; N, 11.35

yi) Synthesis of chlorodimethylsilyImethyl-6-chloropyrid-2-one (2,4Ba.Y= 6 -Cl)

2-Trimethylsiloxy-6-chloropyridine 0.47 g, 2.34 mmol 

Chloromethyldimethylchlorosilane 310|il, 2.34 mmol 

Yield 0.47 g, 85%

M.P. 9 9 - io r c  

NMR 6 /  ppm (CDCI3 , TMS)

IR 0,67 (s, 6 H, SiMei), 3.7 (s, 2R, NCR2 ),

6 .8-7.8  (m, 3R, arom)

13c 7.3,423,112.5,113.1, 140.5,143.0, 164.2.
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29Si -40.9

M ass m/z: 235/237/239 (10:6:1, M+), 220/222/224

(10:6:1), 202/204 (3:1), 165.

Analysis Found: C, 40.80; H, 4.63; N, 6.27. CgHnNOClaSi

calcd.: C, 40.69; H, 4.69; N, 5.93.

GENERAL PROCEDURE FOR THE SYNTHESIS OF FIVE COORDINATE 

STLYL BROMIDES FROM STLYLATED PYRIDÔNES AND 

BROMOMETHYLDIMETHYl.CHLOROSILANE

The synthesis was the same as for the synthesis of fiye coordinate sdyl chlorides. 

ChloromethyldimethylchloiDsilane was replaced by bromomethyldimethylchloro- 

sUane.

il Bromodimethylsilylmethylpyrid-2-one (2.5B. Y= HI

2-Trimethylsiloxypyridine 0.35 g, 2.09 mmol 

Bromoinethyldimethylchlorosilane 286|il, 2.09 mmol 

Yield 0.44 g, 85.6%

M.P. 102-104°C

NMR 6 /ppm  (CD3 CN+CDCI3 , 1:1, TMS)

IH 0.72 (s, 6 H, SiMe2 ), 3.9 (s, 2H, NCH2 ),

6.9-8.1 (m. 4H. arom)

13c 1.9,44.8,115.0,115.7,141.0,146.1,163.1.

29si .18.4
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MââI

Analysis

m/z: 166 (M+-Br), 136, 106, 78.

Found: C, 37.95; H, 4.76; N, 5.51. CgH^NOBrSi 

calcd.: C, 39.01; H, 4.92; N, 5.69.

ii) Bromodimethylsilylmcthyl-6-methylpyrid-2-one (2.5B. Y= 6 -Me)

2-Trimethylsiloxy-6-methylpyridine 0.43 g, 2.38 mmol 

Bromomethyldimethylchlorosüane 324}il, 2.38 mmOl 

Yield 0.54 g, 87%

M.P. 108-111°C

NMR

Analysis

5/ ppm (CDCI3 + 2  drops CD3OD, TMS)

IR 0.45 (s, 6 R, SiMc2 ), 2.7 (s, 3R, Me), 3.7 (s, 

2 R, NCR2 ), 6.8-8.0 (m, 3R, arom)

13c 1.7, 20.7, 37.9, 111.5, 115.2, 144.8,151.6, 163.7 

29Si -21.3

Found: C, 41.67; R, 5.37; N, 5.40. CçR^NOBrSi 

calcd.: C, 41.54; R, 5.42; N, 5.38.

iiil BromodimethylsilyImethyl-3-mcthoxypyrid-2-one (2.5B. Y= ,3,-QM.9l

2-Trimethylsüoxy-3-methoxypyTidine 0.36 g, 1.83 mmol 

Bromomethyldimethychlorosüane 250|il, 1.83 mmol 

Yield 0.45 g, 90%

M.P. 105-108°C
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NMR

Analysis

5/ ppm (CDCI3 + 2  drops CD3OD, TMS)

IR 0.73 (s, 6 R, SiMc2 ), 4.0 (s, 3R, OMe), 4.2 (s, 

2 R, NCR2 ), 7.1-7.9 (m, 3R, arom)

13c -0.63, 44.9, 58.0, 116.1, 122.1, 132.1, 147.3, 

154.9.

29Si -14.3

Found: C, 36.85; R, 5.57; N, 4.87. C9R i4 N0 2 BrSi 

calcd.: C, 39.14; R, 5.11; N, 5.07.

ivl BromodimcthylsilvlmethyI-5-chloropyrid-2-one (2.5B. Y=5j:QÜ

2-Trimethylsiloxy-5-chloropyridine 0.53 g, 2.64 mmol 

Bromomethyldimethylchlorosüane 360pl, 2.64 mmol 

Yield 0.65 g, 8 8 %

M.P. 107-112°C

NMR

M a s s

Analysis

8 /  ppm (CDCI34-2 drops CD3OD, TMS)

IR 0.44 (s, 6 R, SiMe2 ), 4.4 (s, 2 R, NCR2 ), 

7.4-8.6 (m, 3R, arom)

13c -0.34, 42.9, 115.8, 122.0, 138.9, 145.4, 160.3. 

29Si -12.7

m/z: 279/281/283 (3:4:1, M+), 264/266/268 (3:4:1), 

200/202 (3:1), 186/188 (3:1)

Found: C, 34.00; R, 4.09; N, 4.99. CgRiiNOClBrSi 

calcd.: C, 34.24; R, 3.95; N, 4,99
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y )  Bromodimethvlsilvlmethvl-3-nitropvrid-2-one (2.5B. Y=3-N09)

2-Trimethylsiloxy-3-nitropyridine 0.56 g, 2.64 mmol 

Bromomethyldimethylchlorosüane 360|il, 2.64 mmol 

Yield 0.69 g, 90%

M.P. 110-112°C

NMR

Mas.s

Analysis

5 /ppm (CD3CN, TMS)

IH 0.76 (s, 6 H, SiMc2 ), 3.9 (s, 2H, NCH2 ),

7,1-8.7 (m, 3H, arom)

13c 1.5, 45.0, 111.2, 135.7, 141.4, 146.5, 157.8 

29Si -27.9

m/z: 292/290 (1:1, M+), 211, 181.

Found: C, 34.88; H, 3.93; N, 10.09. CgHiiN2 0 3 BrSi 

calcd.: C, 33.00; H, 3.81; N, 9.62

vil Bromodimethylsüylmethyl-6-chloropyrid-2-one (2.5B. Y= 6rCü

2-Trimethylsüoxy-6-chloropyridine 0.49 g, 2.44 mmol . 

Bromomethyldimethylchlorosüane 333|il, 2.44 mmol 

Yield 0.60 g, 87.7%

M.P. 105^109°C

NMR 5/ ppm (CDCI3+2 drops CD3OD, TMS) 

iH 0.55 (s, 6H, SiMei), 3.9 (s, 2H, NCH2),

6 .8 -8 .1 (m, 3H, arom)

13c 1.7, 40.1, 113.0, 114.7, 141.3, 144.7, 163.8.
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29si -27.4

M ass m/z: 279/281/283 (3:4:1, M+), 264/266/268 (3:4:1),

200/202 (3:1), 186/188 (3:1)

Analysis Found: C, 33.58; H, 4.22; N, 4.99. CgHnNOCIBrSi

calcd.: Ç, 34.24; H, 3.95; N, 4.99

GENERAL PROCEDURE FOR THE SYNTHESIS OF FIVE COORDINATE 
SILYL FLUORIDES FROM FIVE COORDINATE SILYL CHLORIDES 
AND ANTIMONY TRIFLUORIDE

5 mmol of pentacoordinated silyl chloride was dissolved (or suspended) in 5 ml 

dry benzene under nitrogen. 1.7 mmol of antimony trifluoride (SbF]) was added to 

it and the reaction mixture was stirred for 0.5 hr.. The reaction mixture was then 

diluted with excess water and extracted with chloroform (3 x 75 ml). The washed 

extract was dried over anhydrous magnesium sulphate and distilled under the 

rotary evaporator to obtain a colourless crystalline solid which was finally dried 

under vacuum.

î  Fluorodimethvlsilylmethvlpvrid-2-one r2.7B. Y=.HI

Ghlorodimethylsilylmethylpyrid-2-one 1.0 g 

SbF] 0.30 g 

Yield 0.57 g, 92%

M.P. 82-86°C



171

NMR 6 /  ppm (CDCI3 , TMS)

IH 0.32 (d, 3JHSiF= 6 .8  Hz, 6 H, SiMe2 ), 3.2 (s, 

2 H, NCH2 ). 6.5-7.7 (m, 4H, arom)

13c 1.8(d,2jcsiF=25Hz,SiMe),39.5(d,2JcsiF=

44.0 Hz, SiCH2 ), 109.2, 116.8, 139.1, 141.4,

163.2

29si -22.3 (d, lJsiF= 256.8 Hz)

Mass m/z: 185 (M+). 184, 170, 166

Analysis Found: C, 51.60; H, 6.51; N, 7.45. CgHi2NOFSi

calcd.: C, 51.86; H, 6.53; N, 7.56

iil Ruorodimethylsilylmethyl-6-methylpyrid-2-one (2.7B. Y= 6 -Mel

Chlorodimethylsilylmethyl-6-methylpyrid-2-one 1.08 g 

Sbp3 0.31 g 

Yield 0.61 g, 91%

M.P. 87-89°C

NMR 5/ ppm(CDCl3 , TMS)

IH 0.28 (d, 3 JhsiF= 5.9 Hz, 6 H, SiMe2 ), 2.5 (s, 

3H, Me), 3.0 (s, 2 H, NCH2 ), 6.5-7.5 (m, 3H, 

arom)

13c 2.4 (d, 2JcsiF= 27.2 Hz, SiMe), 20.9, 35.8 (d, 

2JcsiP= 50.5 Hz, SiCH2 ), 110.2, 112.5,141.2,

148.6, 163.8 

29si -35.5 (d, IJs iF -252.9 Hz)
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Analysis Found: C, 54.26; H. 7.11; N, 6.96. CgHnNOFSi 

calcd.: C, 54.24; H, 7.08; N, 7.03

iii) Fluorodimethylsilylmethyl-3-methoxypyrid-2-one (2.7B, Y= 3-OMe)

Chlorodimethylsilylmcthyl-3-methoxypyrid-2-one 1.16 g 

SbFs 0.31 g

Yield 0.66 g, 92% 

M.P. 88-92®C 

NMR

Analysis

0 /ppm(CDCl3 , TMS)

IH 0.35 (d, 3jHSiF= 5.1 Hz, 6 H, SiMe2), 3.3 (s, 

2 H, NCH2 ), 3.9 (s, 3H, OMe), 6  2-6.4 (m, 3H, 

arom)

13c 1.4 (d, 2JcsiF= 23.3 Hz, SiMe), 40.2 (d, 

2JcsiF= 40.2 Hz, SiCH2 ), 56.1, 107.7, 114.6, 

129.7,148.3,158.3 

29Si -13.5 (d, lJsiF= 258.8 Hz)

Found: C, 50.02; H, 6.64; N, 6.39. C9Hi4 N0 2 FSi 

calcd.: C, 50.21; H, 6.55; N, 6.51

iv) Fluorodimethylsilylmethyl-5-chloropyrid-2-one (2.7B. Y= 5-Q )

Chlorodimethylsüylmethyl-5-chloropyrid-2-one 1.18 g 

SbF3 0.31 g 

Yield 0.66 g, 90%

M.P. 91-95°C



173

NMR 8 /ppm(CDCl3 , TMS)

'H  0.31 (d, 3JcsiF=7.8 Hz, 6 H, SiMe;), 3.2 (s, 2H, 

NCH;), 6.1-1.1 (m, 3H, arom)

13Ç 1.2 (d, 2JcsiF= 19:4 Hz, SiMe), 40.4 (d,

^IcSiF= 41.4 Hz, SiCH;), 115.0, 118.0, 137.0,

142.1,161.9 

29si -14.6 (d, lJsiF= 259.8 Hz)

M ass m/z: 219/221 (3:1, M+), 218/220 (3:1), 204/206

(3:1), 184

Analysis Found: C, 43.26; H, 5.00; N, 6.07. CgHuNOFClSi

calcd.: C, 43.73; H, 5.05; N, 6.37

yi Fluorodimethylsilylmethyl-3-nitroDyrid-2-one /2.7B. Y^SzNQg)

Chlorodimethylsüylmethyl-3-nitropyrid-2-one 1.23 g 

SbF3 0.31 g 

Yield 0.69 g, 90%

M.P. 87-90°C

NMR 5 /ppm(CDCl3 , TMS)

iH 0.38 (d, 3jçsiF= 7.8 Hz, 6 H, SiMe;), 3.6 (s,

2H, NCH;), 6.4-8.4 (m, 3H, arom)

13c -0.52 (d,2jcsiF= 18.1 Hz, SiMe), 42.7 (d, 

2JcsiF= 29.8 Hz, SiCH;), 105.1, 137.4,139.0,

145.9,155.6.

29si 12.5 (d, lJsiF= 272.5 Hz)
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Analysis Found: C, 42.01; H, 4.95: N, 11.83. CgHiiN2 0 3 FSi 

calcd.: C, 41.72; H, 4.82; N, 12.17

vi) Fluorodimcthvlsilylmethvl-6-chloropvrid-2-one (2.7B . Y=6-C1)

Chlorodimethylsilylmethyl-6-chlaropyrid-2-one 1.18 g 

SbF3 0.31 g 

Yield 0.68 g. 92%

M.P. 90-95°C

NMR

Mass

Analysis

5/ ppm (CDCI3 , TMS)

IH 0.31 (brs, 6 H, SiMe2 ), 3.2 (s, 2H, NCHi), 

6.6-7.6  (m, 3H, arom)

13c 1.9 (d, 2JcsiJF= 19.4 Hz, SiMe), 38.0 (d,

%SiF= 46.6 Hz, SiCH2 ), 109.8, 114.3, 140.4,

141.0, 164.1 

29Si -26.0 (d, lJsiF= 257.8 Hz) 

m/z: 219/221 (3:1, M+), 218/220 (3:1), 204/206 

(3:1), 184

Found: C, 43.10; H, 5.00; N, 6.21. CgHnNOClFSi 

calcd.: C, 43.73; H, 5.05; N, 6.37

Preparation of chloromethyldimethylsilyltriflate (ClCH2 SiMe2 0 Tf) (2.3B, X=OTf)

5 ml (37.8 mmol) trifluoromethanesulphonic acid was added to 3.34 ml (37.8 mmol) 

chloromethyldimethylchlorosilane, with stiiring under nitrogen. The reaction



175

mixture was heated at 60° C for 5 hrs. and finally the product was isolated by 

distillation.

B.P. 62°Cy 8  mm Hg 

Yield 8.62 g, 89%

NMR 5/ppm (CDCl3 , TMS)

IH 0,60 (s, 6 H, SiMez), 3.0 (s, 2 H, CH2 )

13c -3.0, 27.6, 118.9 (q, lJcF= 317.1 Hz, CF3 ) 

29si 31.7

M ass m/z: 256/258 (3:1), 207, 191

Analysis Found: C, 17.95; H, 3.13. C4Hg0 3 ClF3SSi calcd.:

C, 18.71; H, 3.15

FOR THE SYNTHESES OF STLY3L.TRJJFLATE 

PERIYATIYJESJKQM SIEYLATEP PXRIDQNES AND 

CHLOROMETHYLDIMETHYLSILYLTRIFLATE

The precedure was the same as for the synthesis of fiye coordinate silyl chlorides. 

Chloromethyldimethylchlorosüane was replaced by chloromethyldimethylsilyl- 

triflate.

i) Dimethylsilylmethylpyrid-2-one triflate (2,4Bb. Y=H)

2-Trimethylsiloxypyridine 0.38 g, 2.28 mmol 

ChloromethyldimethyIsüyltiiflate 0.59 g, 2.28 mmol 

Yield 0.63 g, 8 8 %

M.P. 120-123°C
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NMR

Analysis

5/ ppm (CD3CN, TMS) 

iR 0.66 (s, 6H, SiMei), 4.0 (s, 2H, NCH2),

7.2-8.3 (m, 4H, arom)

13c 0.17, 42.8, 115.2, 118.3,142.3, 147.5, 162.9 

29Si 32.3

Found: C, 32.76; H, 3.81; N, 4.50. C9Hi2O4F3NSSi 

calcd.: C, 34.27; H, 3.84; N, 4.42

Ü) Dimethylsilylroethyl-6-mcthylpyrid-2-onc triflate (‘2^4Bb. Y,=6.-Mg)

2-Tiimethylsüoxy-6-methylpyridine 0.42 g, 2.32 mmol 

Chloromethyldimethylsilyltriflate 0.60 g, 2.32 mmol 

Yield 0.69 g, 90%

M.P. 128-132°C

NMR

Analysis

5/ ppm (CDCI3+CD3CN, 1:1, TMS)

iR 0.64 (s, 6H, SiMe2>, 2.6 (s, 3H, Me), 3.8 (s,

. 2H, NCH2), 7 .O-8.I (m, 3H, arom)

13c 3.2, 20.5, 39.8, 111.5, 117.9, 121.0 (q, lJcF=

321.0 Hz, CF3), 146.1, 152.7, 163.0 

29Si 23.0

Found: C, 36.52; H, 4.48; N, 4.80. CtoHi4NSF304Si 

calcd: C, 36.46; H, 4.28; N, 4.25

iii) DimethyIsilylmethvl-3-mcthoxypvrid-2-one triflate f2,4Bb. Y=3-OMe)

2-Trimethylsiloxy-3-methoxypyridine 0.76 g, 3.86 mmol
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CUoromethyldimethylsilyltriflate 0.99 g, 3.86 mmol 

Yield. 1.13 g, 85%

M.P. 127-130°C

NMR

Analysis

5/ ppm (CDCI3, TMS)

IH 0.69 (s, 6H, SiMe2>, 3.9 (s, 3H; OMe), 4.0 (s,

2H, NCH2). 7.1-7.9 (m, 3H, arom)

13c 3.1, 42.9, 57.2, 116.9, 120.3 (q, 1Jcf= 319.2 Hz,

CF3), 123.5, 131.3, 146.5, 155.8 

29Si 21.3

Found: C, 33.92; H, 3.92; N, 4.10. CioHi4NSF305Si 

calcd.: C, 34.78; H, 4.09; N, 4.06

iv) Dimethylsilylmethvl-5-chloropvrid-2-one triflate (2.4Bb,..Y=5-Cl)

2-Trimethylsiloxy-5-chloropyridine 0.48 g, 2.39 mmol 

Chloromethyldimethylsilyltriflate 0.61 g, 2.39 mmol 

Yield 0.74 g, 88%

M.P. 136-139°C

NMR 5 /ppm (CDCI3+CD3CN 1:1, TMS)

IH 0.67 (s, 6H, SiMe2), 4.0 (s, 2H, NCH2),

7.1-8.3 (m, 3H, arom)

13c 1.7, 41.5, 115.8, 118.8 (q, lJcF= 319.7 Hz, 

CF3), 123.9, 139.6, 147.0, 161.8 

29Si 25.2
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Mass

Analysis

m/z: 349/351 (3:1, M+), 334/336 (3:1), 200/202 

(3:1),

Found: C, 31.02; H, 3.32; N, 4.27. C9H n 04F3ClNSSi 

calcd.: C, 30.90; H, 3.17; N, 4.00

y) Dimethylsilylmethyl-3-nitropyrid-2-one triflate (2.4Bb. Y= 3-NO2)

2-Trimethylsüoxy-3-nitropyridine 0.53 g, 2.5 mmol 

ChloromethyldimethyIsilyltriflate 0.64 g, 2.5 mmol 

Yield 0.80 g, 89%

M.P. 129-131°C

NMR

Analysis

8 /ppm (CDCI3+CD3CN, 1:1, TMS)

IH 0.66 (s, 6H, SiMe:), 4.0 (s, 2H, NCH2),

7.2-8.8 (m, 3H, arom)

13c 3:2, 42.1, 114.8, 120.3 (q, 1Jcf= 319.4 Hz, 

CF3), 135.5, 142.4, 147.4, 158.0 

29Si 4.5

Found: C, 29.96; H, 3.64; N, 8.86. C9H1 i0 6 F3N2SSi 

calcd.: C, 30.0; H, 3.08; N, 7.78

yi) Dimethylsilylmethyl-6-chloropyrid-2-one triflate (2.4Bb, Y= 6-Cl)

2-Trimethylsiloxy-6-chloropyridine 0.80 g, 3.98 mmol 

ChloromethyldimethyIsilyltriflate 1.02 g, 3.98 mmol 

Yield 1.28 g, 92%

M.P. 135-140°C
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NMR

Mass

Analysis

5 /ppm (CDOs+CDgCN, 1:1, TMS)

IH 0.65 (s, 6H, SiMc2), 3.9 (s, 2H, NCH2),

7.2-8.0 (m, 3H, arom)

13c 1.7, 41.8, 112.8, 116.8, 120.3 (q, 1Jcf= 319.7 

Hz), 142.8, 146.5, 165 

29si 10.7

m/z: 349/351 (3:1, M+), 334/336 (3:1), 200/202 

(3:1)

Found; C, 31.56, H, 3.21; N, 4.49. C9H n04F3ClNSSi 

calcd.: C, 30.90; H, 3.17; N, 4.00

GENERAL PROCEDURE FOR THE SYNTHESIS OF DISILOXANE 

iZJAm

0.5 g of chloro silyl pyridone (2.4Ba) was added to 1 ml distüled water and the 

reaction mixture was stirred for 1 hr and then extracted with chloroform (3x75 ml). 

The washed extract was dried oyer anhydrous magnesium sulphate and distilled 

under reduced pressure and dried under yacuum. The ^H, ^3c and 29gi NMR data 

of disiloxanes are shown in Tables 2.1B-2.6B.

GENERAL PROCEDURE FOR THE SYNTHESIS OF FIVE COORDINATE

SILYL. DIC-HLORJPES FROM STLYLATED PYRJDQNES AND 

CHLOROMETHYLPICHLOROMETHYLSILANE

Chloromethyldichloromethylsilanc in dry hexane was added slowly into a stirred 

solution of 2-trimethylsiloxypyridine (both are equimolar amounts) in dry hexane
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under nitrogen. The reaction mixture was stirred for 7 hrs. and the solid obtained 

was filtered under nitrogen and dried under vacuum.

i) Dichloromethylsilvlmethvlpvrid-2-one r2.8B.

2-Trimethylsildxypyridine 0.53 g, 3.17 mmol 

Chloromethyldichloromethylsüane 404|il, 3.17 mmol 

Yield 0.62 g, 88%

M.P. 107-1 il°C

NMR

M.as.s

Analysis

5/ ppm (CDas-nCDsCN, 1:1, TMS)

IH 0.95 (s, 3H. SiMe), 3.9 (s, 2H, NCH2),

6.9-8.0 (m, 4H, arom)

13c 11.9, 44.0, 113.9,114.5, 139.0, 144.8, 162.2 

29Si -52.5 (sbr)

m/z: 221/223/225 (10:6:1, M+), 220/222/224

(10:6:1), 206/208/210 (10:6:1), 186/188 (3:1), 

151.

Found: C, 37.95; H, 4.36; N, 6.31. C7H9NOCl2Si 

calcd.: C, 37.85; H, 4.08; N, 6.31

ii) DichloromethylsilyImethyl-3-methoxypyrid-2-one T2 .8B. Y= 3-OMe)

2-Trimethylsiloxy-3-methoxypyridine 0.72 g, 3.65 mmol 

Chloromcthyldichloromcthylsilanc 465pi, 3.65 mmol 

Yield 0.85 g,

M.P. 108-111°C
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NMR

Mass

Analysis

6/ ppm (CDCI3, TMS)

IH 0.92 (s, 3H, SiMe), 3.2 (s, 2H, NCH2), 3.9 (s, 

3H, OMe), 6.9-7.6 (m, 3H, arom)

13c 12.2, 44.4, 56.8, 112.8, 119.7, 128.7, 146.3, 

156;4 

29Si -50.0

m/z: 251/253/255 (10:6:1, M+), 236/238/240 

(10:6:1), 216/218 (3:1), 181 

Found: C, 37.57; H, 4.60; N, 5.40. CgHnNOz^Si 

calcd.: C, 38.10; H, 4.40; N, 5.55

iii) Dichloromethylsilvlmethvl-5-chloropvrid-2-one (2.8B. Y= 5-Cl)

2-Trimethylsiloxy-5-chloropyridine 0.66 g, 3.28 mmol 

Chloromethyldichloromethylsilane 417pl, 3.28 mmol 

Yield 0.76 g, 91%

M.P. 114-119°C

NMR

Mass

5/ ppm (CDCl3i TMS)

IH 0.97 (s, 3H, SiMe), 3.8 (s, 2H, NCH2),

6.9-1.9 (m, 3H, arom)

13c 10.0, 44.3, 115.6, 119.8, 136.3, 144.8, 161.1 

29Si -50.2 (sbr)

m/z: 255/257/259/261 (10:9.6:3:1, M+), 240/242/244/ 

246 (10:9.6:3:1), 220/222/224 (10:6:1),

185/187 (3:1)
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Analysis Found: C, 32.59; H, 3.40; N, 5.30. C^HgNOClgSi

calcd.: C, 32.77; H, 3.14; N, 5.46

iv) DichlQromethylsilyImethyI-6-chloropvrid-2-one (2.8B, Y= 6̂ Ç1)

2-Trimethylsiloxy-6-chloropyridine 0.58 g, 2.88 mmol 

Chloromethyldichloromethylsilane 367jil, 2.88 mmol 

Yield 0.66 g, 90%

M.P. 115-117°C

NMR 5/ ppm (CDCI3, TMS)

IH 0.98 (s, 3H, SiMe), 3.8 (s, 2H, NCH2),

6.9-7.9 (m, 3H, arom)

13c 12.0, 43.1,112.5, 113.9, 140.3, 144.2, 163.3 

29Si -52.3 (sbr)

Analysis Found: C, 33.18; H, 3.39; N, 5.45. C7HgNOCl3Si

calcd.: C, 32.77; H, 3.14; N, 5.46

GENERAL PROCEDURE FOR THE SYNTHESIS OF FIVE COORDINATE 

SILYL DIFLUORIDES (2.10B) FROM FIVE COORDINATE SILYL 

mCHLORTDES AND ANTIMONY TRIFLUQRIPE

3 mmol of pentacoordinate süyl dichloride (2.8B) was dissolved (or suspended) in 

5 ml dry benzene under nitrogen. 2 mmol of antimony trifluoride was added to it and 

the reaction mixture was stirred for 0.5 hr.. It was then diluted with water and 

extracted with chloroform (3 x 75 ml). The extract was dried over anhydrous
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magnesium sulphate and distilled and dried under vacuum to yield a colourless 

crystalline solid.

i) PtflyoKiTOthyl§iIylmgthylpyrid-2-QT?g (2,31QB, Y=H)

Dichloromethylsilylmethylpyrid-2-one 0.66 g 

SbFg 0.36 g 

Yield 0.43 g, 91%

M.P. 95-102”C

NMR

Mass

Analysis

8/ ppm (CDCI3, TMS)

IH 0.39 (t, 3Jhsif= 5.1 Hz, 3H, SiMe), 3.3 (s, 2H, 

NCH2), 6.7-7.8 (m, 4H, arom)

13c 1.0 (t, 2jcsiF= 20.7 Hz, SiMe), 37.3 (t, 2JcsiF= 

32.4 Hz, SiCH2), 111.9, 115.6, 138.9, 143.3,

163.2

29Si -59.9 (t, lJsiF= 253.9 Hz, SiF)

m/z: 189 (M+), 188, 174, 170

Found: C, 43.22; H, 5.03; N, 6.87. C.7H9NOF2Si

calcd.: C, 44.43; H, 4.79; N, 7.40

ii) Difluoromethylsilylmethyl-3-methoxypyrid-2-one (2.10B. Y= 3-OMe)

Dichloromethylsüylmethyl-3-methoxypyrid-2-one 0.75 g 

SbF3 0.36 g 

Yield 0.51 g, 93%

M.P. 99-106°C
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NMR

Mass

Analysis

5 /ppm (CDCI3, TMS)

IH 0.47 (t, 3jHSiF= 5.3 Hz, 3H, SiMe), 3.3 (s, 2H, 

NCH;), 3.9 (s, 3H, OMe), 6.5-7.4 (m, 3H, 

arom)

13c 0.86 (t, 2JcsiF= 23.3 Hz, SiMe), 37.5 (t, 

2JcSiF= 33.7 Hz, SiCH;), 56.4, 110.4, 117.2,

128.3,147.0,157.8 

29Si -57.1 (t, lJsiF= 256.8 Hz, SiF) 

m/z: 219 (M+), 218, 204, 200, 188 

Found: C, 42.99; H, 5.20; N, 5.90. CgHnNO;F;Si

calcd.: C, 43.82; H, 5.06; N, 6.39

iii) Difluoromethylsüylmethyl-5-chloropyTid-2-one /2.10B. Y= 5-Cl)

DichloromethylsEylmethyl-5-chloropyrid-2-one 0.77 g 

SbFs 0.36 g 

Yield 0.50 g, 89%

M.P. 102-105°C

NMR 5/ppm(CDCl3, TMS)

IH 0.40 (t, 3jHSiF= 5.4 Hz, 3H, SiMe), 3.3 (s, 2H, 

NCH;), 6.7-7.8 (m, 3H, arom)

13c 0.63 (t, 2JcsiF= 22.0 Hz, SiMe), 37.7 (t,

2JcSiF=32.4 Hz, SiCH;), 116.5, 117.9, 136.3, 

143.6,161.8 

29Si -57.2 (t, lJsiF= 255.9 Hz, SiF)
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Mass m/z: 223/225 (3:1, M+), 222/224 (3:1), 208/210 

(3:1), 204/206 (3:1), 188

Analysis Found: C, 37.88; H, 3.86; N, 6.12. C7HgNOClF2Si 

calcd.: C, 37.59; H, 3.60; N, 6.26

iv) Difluoromethvlsilvlmethvl-6-chloropyrid-2-one fZ.lOB. Y= 6-Cl)

. Dichloromethylsilylmethyl-6-chloropyrid-2-one 0.77 g 

SbFg 0.36 g 

Yield 0.51 g, 91%

M.P. 102-104°C

NMR

Mass

Analysis

5 /ppm (CDCI3. TMS)

IH 0.41 (t, 3jHSiF= 5.5 Hz, 3H, SiMe), 3.3 (s, 2H, 

NCH2), 6.8-7.7 (m, 3H, arom)

13Ç 0.75 (t, 2JcsiF= 23.3 Hz, SiMe), 36.4 (t,

^JcSiF=35.0 Hz, S1CH2), 111.9, 113.1, 140.6, 

142.7,164.1 

29Si -60.4 (t, lJsiF= 253.9 Hz, SiF) 

m/z: 223/225 (3:1, M+), 222/224 (3:1), 208/210 

(3:1), 188

Found: C, 36.29; H, 3.87; N, 5.61. C7HgNOCIF2Si 

calcd.: C, 37.59; H, 3.60; N, 6.26
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GENERAL PROCEDURE FOR THE SYNTHESIS OF FIVE COORDINATE 

TRICHLORO SILYL DERIVATIVES (2.9B) FROM SILYLATED 

FYMPQNES AM )

Chloromethyltxichlorosilane in dry hexane was added slowly into a stirred solution 

of 2-trimethylsiloxypyridine (both are equimolar amounts) in dry hexane under 

nitrogen. The reaction mixture was stirred for overnight and thé solid obtained was 

filtered under nitrogen and dried under vacuum.

i) TtighlQrQsilylmgthyJpyrid-2-ong (2,9B.> Y.=BQ

2-Trimethylsiloxypyridine 0.53 g, 3.17 mmol 

Chloromethyltrichlorosilane 395pJ, 3.17 mmol 

Yield 0.71 g, 92%

M.P. 125-130°C

NMR

Mass

Analysis

6/ ppm (CDC13-HCD3CN, 1:1, TMS)

IH 4.1 (s, 2H, NCH2), 7.0-8.1 (m, 4H, arom)

,13c 44.2,114.0, 115.4, 140.0, 146.1, 160.8,

29Si -77.7 (sbr)

m/z: • 241/243/245/247 (30:29:9:1, M+), 206/208/210 

(10:6:1), 171/173 (3:1), 157, 136 

Found: C, 30.30; H, 3.26; N, 5.73. C6H6NOCl3Si 

calcd.: C, 29.71; H, 2.69; N, 5.77
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ii) TrichlorosilvlmethvI-6-methvlpvrid-2-Qnc (2.9B_. Y= d-Mel

2-Trimethylsüoxy-6-methylpyridine. 0.42 g, 2.32 mmol 

ChloromethyltrlchlOTOsilane 289|il, 2.32 mmol 

Yield 0.54 g, 91%

M.P. 129-136°C

NMR

Mass

Analysis

6/  ppm (CD3CN+2 drops DMSO-d^, TMS)

IH 2.7 (s, 3H, Me), 4.0 (s, 2H, NCHz), 6.9-8.2 

(m, 3H, arom)

13c 21.1, 39.0, 111.6, 117.4, 146.0, 152.0, 162.1 

29si -89.7 (sbr)

m/z: 255/257/259/261 (30:29:9:1, M+), 240/242/244/ 

246 (30:29:9:1), 220/224/226 (10:6:1), 185/187 

(3:1), 150

Found: C, 26J2; H, 3.46; N, 4.43. CyHgNOCbSi 

calcd.: C, 32.77; H, 3.14; N, 5.46

iii) Trichlorosilylmethyl-6-chloropyrid-2-one (2.9B. Y= 6 :0 )

2-Trimethylsiloxy-6-chloropyridine 0.50 g, 2.48 mmol 

Chloromethyltrichlorosilane 309|ii, 2.48 mmol 

Yield 0.62 g, 90%

M.P. 131-134°C

NMR 5/ ppm (CDCI3, TMS)

IH 4.0 (s, 2H, NCH2), 6.9-1.9 (m, 3H, arom)
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13c 43.8,111.9,115.1,140.6,145.0,162.5 

29si -85.6 (sbr)

Mass m/z: 275/277/279/281/283 (95:122:59:12:1, M+),

240/242/244/246 (30:29:9:1), 205/207/209 

(10:6:1), 170/172 (3:1), 158/160 (3:1), 135 

Analysis Found: C, 28.16; H, 2.89; N, 5.63. CgHsNOCUSi

calcd.: C, 26.02; H, 1.82; N, 5.06
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CONDUCTIVITY:

Conductivity measurements were carried out using a PTI-10 digital conductivity 

meter (quoted ±0.5 %, repeatability ± 1 digit); all experiments were perfomed 

under nitrogen. Calibration of the meter was checked by using a standard solution 

of potassium chloride.

The compound whose conductivity is to be determined was dissolved in 

acetronitrile and introduced into the cell by a syringe. The conductiviiy of the 

following solutions were measured.

nBu4NBr (0.23 g, 7 ml, CH3CN, 0.1 M solution) 182 }iS cm'l.

(2.1B) (X=Br, Y=H) (0.17 g, 7 ml, CH3CN, 0.1 M solution) 008 \lS cm-l.

(2.1B) (X=OTf, Y=H) (0.22 g, 7 ml, CH3CN, 0.1 M solution) 029 îS cm-1.

Reaction of halodimethvlsilvlmethvlpvrid-2-one X=F.CLBrY=H) with : - 

npclgpphilgs (g.g. NMI, HMPA)

Reaction of fluoro, chloro and bromo pyridones (2.IB, X= F, Cl, Br Y=H) towards 

different nucleophiles have shown that chloro and bromo derivatives undergo 

substitution (Tables 2.1 A and 2.7B) while fluoroderivative was found to be 

unreactive (Tables 2.8B-2.9B)
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GENERAL PROCÉDURE FOR THE SYNTHESIS OF N. N-BISrHALO- 

DIMETHYLSILYLMETHYLl ACETAMIDEM*

N,0-bis(trimethylsilyl)acetamide (4.05 mmols) was added slowly with stirring to 

a solution of halomethyldimethylchlorosilane (8.09 mmols) in 5 ml dry hexane 

under nitrogen. The process is exothermic and the reaction flask waS cooled in ice 

during the addition. After 2 hrs. precipitated bis(halodimethylsilylmethyl) 

acetamide was Altered off, washed with hexane, and dried under reduced pressure.

i) Bis(chlorodimethvlsilvlmethvnacetamide (3.7. X=C1)

Bis(trimethylsilyl)acetamide 1 ml 

Chloromethyldimethylchlorosilane 1.07 ml 

Yield 1.32 g, 80%

M,P, 123-125°C (Litl46 128-131°C)

NMR 5/ppm(CDCl3.TMS)

IR 0.56 (s, 6H, MeSia), 0.61 (s, 6H, MeSih), 2.2 

(s, 3H, C-Me), 2.8 (s, 2H, CH2Sib), 3.3 (s, 

2H,CH2Sia)

13c . 1.9, 7.4, 17.6, 42.6, 44.6, 173.1 

29si 26.8 (Sia); -39.9 (Sib) 

apour coordinate silicon atom; bpive coordinate silicon atom

ii) Bis(bromodimethvlsilvliiiethvnacetamide (3,7, X=Br)

Bis(trimethylsilyl)acetamide 1 ml
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Bromomethyldimethylchlorosilane 1.10 ml 

Yield 1.75 g. 80%

M.P. 149-151°C (Litl46. 150-151°C)

NMR S/ ppm (CDCI3, TMS)

IR 0.73 (s, 6R, MeSia), 0.83 (s, 6R, MeSib),

2.3 (s, 3R, C-Me), 3.2 (s, 2R, CR2Sib), 3.6 (s, 

2R, CR2Sia)

13c 2.4, 6.8, 17.9, 43.0, 46.4, 174.6 

29si 26.0 (Sia); -13.8 (Sib) 

apour coordinate silicon atom; bpive coordinate silicon atom

Preparation of bisffluorodimethvlsilvlmethvDacetamide (3.8)

3 mmols (0.82 g) of bis(chlorodimethylsüylmethyl)acetaniide (3.7, X=C1) was 

dissolved in 5 ml dry benzene under nitrogen. 2 mmols (0.36 g) of antimony 

trifluoride was added to it and the reaction mixture was stirred for 0.5 hr. and then 

diluted with water and extracted wuth chloroform (3 x 75 ml). The washed extract 

was dried over anhydrous magnesium sulphate, distilled under reduced pressure 

and finally dried under vacuum.

Yield 0.51 g, 85%

M.P. 110-112°C

NMR 8/ ppm (CDCI3, TMS)

IR 0.23 (d, 3jHSiF= 7.6 Rz, 6R, MeSi&), 0.37 (d, 

7.6 Hz, McSib), 2.1 (s, 3H, C Me),
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2.4 (s, 2H, GHaSib), 3.1 (d, 3jHsiF= 6.6 Hz,

2H, Œ asm

13c -1.8 (d, 2JcsiF= 14.2 Hz, MeSi»), 1.8 (d, 

7jcsiF= 24.6 Hz, MeSib), 18.3, 39.4,41.7 (d, 

2JcsiF= 18.1 Hz), 171.2 

29si 28.9 (d,lJsiF= 287.1 Hz, MeSi»)

-23.5 (d, lJsiF= 256.8 Hz, MeSib)

Analysis Found: C, 40.31; H, 8.15; N, 5.85. CgHi9 0 NCl2Si2

calcd.: C, 40.14; H, 8.00; N, 5.85 

^Four coordinate silicon atom; bpive coordinate silicon atom

Preparation of chlorodimethvlsilvlmethvl-N-methvlacetamidel'̂ ^

N-Methyltrimethylsilylacetamide (900p,l, 5.6 mmol) was added slowly with 

starring to a solution of chloromethyldimethylchlorosilane (741 |il, 5.6 mmols) in 

5 ml dry ether under nitrogen. After 1 hr. precipitated chlorodimethylsilylmethyl-N- 

methylacetamide was filtered off, washed with dry ether, and dried under reduced 

pressure.

Yield 0.80 g, 80%

M.P. 65-67°C (Litl72. 64°-66°C)

NMR 0/ppm(CDCl3, TMS)

IH 0.48 (s, 6H, SiMe), 2.1 (s, 3H, C-Me), 2.8 (s, 

2H, NCHa), 3.1 (s, 3H, NCH3)

13c 7.0,17.3, 37.4,43.9,173.7

29si . 38.7
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Preparation of fluorodimethvlsilylmethvl-N-methvl acetamide (3.13)

4.46 mmol (0.80 g) of chlorodimethylsilylmethyl-N-methylacetamide was 

suspended in 5 ml dry benzene under nitrogen. 1.49 mmol (0.27 g) of antimony 

trifluoride was added to it and the reaction mixture was stirred for 0.5 hr.. It was 

then diluted with water and extracted with chloroform (3 x 75 ml). The washed 

extract was dried over anhydrous magnesium sulphate and distilled under reduced 

pressure and dried under vacuum to yield a colourless crystalline solid.

Yield 0.44 g, 91%

M.P. 56-57°C

NMR

Mass

6/  ppm (CDCI3, TMS)

iR 0.22 (d, 7.8 Rz, 6R, MeSi), 2.1 (s, 3R,

C-Me), 2.4 (s, 2R, CR2Si), 3.1 (s, 3R, NMe) 

13c 1.7 (d, 2Jcf= 20.7 Rz), 18.3, 37.8, 39.7 (d ,.

2 j ^  40.1 Hz, CR2Si), 171.7 

29Si -21.2 (d, lJsiF= 258.8 Rz) 

m/z: 163 (M+), 148, 144
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GENERAL PROCEDURE FOR THE SYNTHESIS OF 

HEXACOORDINATED ORGANOSILYLAMIDES

2.5 mmol of dichloromethyI(methyldichloro)süane in dry éther was added slowly 

into a stirred solution of 2-trimethylsiloxypyridine (5 mmol) in dry ether under 

nitrogen. The reaction mixture was stirred for 48 hrs. and the solid Obtained was 

filtered under nitrogen and dried under vacuum.

Dichloromethvlsilvlmethvl bisf6-methvlpvrid-2-one') i'4.6a)

2-Trimethylsiloxy-6-methylpyridine 0.91 g 

Dichloromethyl(methyldichloro)sllane 350p.l 

Yield 1.16 g, 90%

M.P. 178-182°C

N.M.R. 5 /ppm (CDCls. TMS)

IH 0.94 (s, 3H, SiMe), 2.7 (s, 3H, CH3), 5.3 

(s, IH, CHSi), 6.7-7.9 (m, 6H, arom)

13c 3.2,21.5, 68.4,113.6,115.5,145.0, 150.3,165.9

29si -120.4

Mass m/z: 342/344/346 (10:6:1, M+), 327/329/331 (10:6:1),

307/309 (3:1), 272 

Analysis Found: C, 44.98; H, 4.72; N, 7.30. CiaHigN^OzClzSi

calcd.: C, 48.98; H, 4.70; N, 8.16
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NMR of intermediate:

IH 0.83 (s, 3H, SiMe), 2.3 (s, 3H, CH3), 6.0 (s, IH, 

CHSi), 6.5-7.5 (m, 6H, arom)

13c -5.6,23.6, 60.1,108.9, 117.3,139.7,156,3, 160.0

29si -23.3

ill Dichloromethvlsilvlmethvl bislpvrid-2-onel f4.6b)

2-Trimethylsiloxypyridine 0.82 g 

Dichloromethyl(methyldichlorosilane)sUane 350|il 

Yield 1.04 g, 88%

M.P. 162-165°C

N.M.R. 5/ppm (CD3OD, TMS)

iR 0.56 (S, 3H, SiMe), 5.5 (s, IH, CHSi), 6.8-9.0 

(m, 8H, arom)

13c 7.1,65.5,111.7,116.6 14Q.3,146.1,163.6

29si -127.0 

Mass m/z: 279/281 (M+-C1, 3:1), 244

Analysis Found, C, 42.99; H, 4.47; N, 8.12. 

CizHnNzOzClzSi calcd.: C, 45.72; H, 3.84; N, 8.89

NMR 5/ ppm (DMSO-dfi)

iR 0.40 (s, 3H, SiMe), 0.57 (s, 3H, SiMe), 5.6 (s, IH, 

CHSi), 5.8 (s, IH, CHSi), 7.0-9.3 (m, 16H, arom) 

13c 5.5,12.9,62.6, 65.3,114.9, 115.1,115.5,115.8, 137.1,

140.1,146.9, 147.6,161.5,162.1,
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29Si -128.9. -131.1

. NMR of intermediate (GDCI3)

iR 0.50 (s, 3R, SiMe), 5.8 (s, IR, CRSi), 6.T-8.4 

(m, 8R, arom)

13c -5.2, 55.0, 116.8, 118.6, 142.4, 148.4, 163.9

29si -38.7

iii) Dichloromethvlsilvlmethvl bis(‘3-methoxvpvrid-2-one) (4.6c)

2-Trimethylsiloxy-3-methoxypyridine 0.99 g 

Dichloromethyl(methyldichloro)silane 350|il 

Yield 1.27 g, 90%

M.P. 180-183°C

N.M.R. 5/ ppm (CD3CN+2 drops DMSO-d^, TMS)

IR 0.50 (s, 3R, SiMe), 0.66 (s, 3R, MeSi), 3.9 (brs, 12R, 

OMe), 5.8 (s,lR, CRSi), 6.0 (s, IR, CRSi), 6.9-9.0 

(m, 12R, arom)

13c 5.0, 13.6, 57.4, 57.6, 63.0, 66.9, 114.8,122.6,122.8,

. 130.4, 130.8, 146.9,147.2, 157.3, 157.6

29si -128.5, -130.6 

Analvsis Found: C, 40.96; R, 4.17; N, 6.67. Ci4R i6N204Cl2Si

calcd.: C, 44.81; R, 4.30; N, 7.46
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Synthesis of difluQromethvlsilvlmethvlbis(6-metliylpvrid-2-one) (4.81

1.03 g (3 mmol) of hexacoordinated silyl chloride (4.6a) was suspended in 5 ml of 

dry benzene under nitrogen. 0.36 g (2 mmol) of antimony trifluoride was added to 

it and the reaction mixture was stirred for 3 hrs.. It was then diluted with excess 

water and extracted with chloroform (3x75 ml). The extract was dried over 

anhydrous magnesium sulphate ^ d  distilled .under reduced pressure and dried - 

under vacuum to yield a colourless solid.

M.P. 153-158°C 

Yield 0.65 g, 84%

N.M.R. 5/ ppm (CDCI3+CD3CN, 1:1, TMS)

iR 2.6 (s, 6R, Me), 6.0 (s, IR, CRSi), 6.3-7.6 (m, 6H, 

arom)

13c 2.0 (t, 2jcsiF=20.7 Rz, SiMe), 20.6, 21.4, 108.2, 112.3,

115.2, 118.3, 141.2, 142.8, 148.2, 149,5, 164.8, 165.0 

29si -82.9 (t, lJsiF=262.7 Rz)

Mass m/z 310 (M+), 295, 230

Analvsis Found: C, 52.73; R, 5.21; N, 8.66. Ci4R i6N202F2Si

calcd.: C, 54.18; R, 5.20; N, 9.03
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