THE SYNTHESIS AND CHARACTERIZATION

OF SILYLIMIDES

by

‘EDWIN ARTHUR KRAMER

Soubmitted in nsrtial folfillment of
the requirements for the degree of

"Faster of Science

Faculty of Graduate Studies
The University of Manitoba

finnipegs,;anitoba

?"J
ND

270
AR \)NIVE/i'g/,

OF MANITOBA




ABSTRACT
The preparation of a series of silylsuccinimides and silyl-

phthalimides is described.

The silylsuccinimides and phthalimides were prepared by the reaction

of the potassium imide salt with chlorosilanes. The prepared compounds
were characterized by elemental analysis,infrared spectra,proton n.m.r.
spectra and mass spectra.

On the basis of infrared and proton n.m.r. spectra;the electronic

nature of the Si-N bond of these compounds is discussed.
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GENERAL INTRODUCTION

~ HISTORY

Silicon-nitrogen compounds are now very common., A few had been made

previous to 1940 1-4 s but it was not until the chlorosilanes became widely

available during the 1940's that silicon-nitrogen compounds began to appear
with any frequency.

By use of triorganochlorosilanes in reaction with ammcnia, primary and

secondary aminesya large number of the known silicon-nitrogen compounds were

prepared ‘Afls . The use of triorganosilanes in preparing silicon-nitrogen

compounds is the most versatile of the methods possible, Silylhydrazines 16

(fig 1(a) ), silyl-hydmxylamines 17 (fig 1(b) ), silylazides 18 (fig 1(c) ),
disilylamines 1% (fig 1(d) ), silylamines 20 (f1g 1(e) ), silazames 2%
22

2]

(fig 1(f) ), W- and O~ silylderivatives of amino acids . silylamides
23,24 (fig 1(g) ), silylimides e>=21 (fig 1(h) ) and a large number of
compounds formed by the reaction between trlorganochlor031lanes and nitrogen

..containing. heterocyclic ring compounds : (flg 1(1) ) are made by using

triorganochlorosilane as a starting material.

The dichloro, trichloro and tetrachloro derivatives of organosilyl

compounds lead to a smaller group of compounds. Dihalodiorganosilanes can

be used to prepare silyldimides 2°2' (fig 1(j) ), cyclotrisilazanes 29

(fig 1(k) ) and cyclotetrasilazanes 30 (fig 1(1) ). Triorganosilanes can
be used to prepare polysilazanes 31 (fig 1(m) ) and silyltriamines 32

(fig 1(n) ). Tetrahalosilanes can be used to prepare heterogeneous polymers

34 35, 36

s variously substituted silylamines and a number of adducts

(fig 1(0)‘).
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All the above compounds prepared by the use of the halosilanes have at
least one charactetistic in conmon. The outcome of the reaction will be

sterically sensitive. For example, the amine-silylhalogen reactions will

show a decreasing tendency to go toﬂééﬁﬁiétion as the alkyl substituents on

silicon increase in size or as the alkyl substituentson the amine increase

in size 31 .

Many methods can be used to prepare a silicon-nitrogen bond. A detailed

1ist of some of these methods can be found in Pierce's book 28 and in other

reviews and books Ol#36-45 .

SILYLATION OF HETERQOCYCLIC COMPOUNDS

A number of methods can be used in order to silylate heterocyclic rings.

Pierce 28 lists the most useful methods. Another review 46 covers some

28 s the methods used can be broken down

other methods. Following. Pierce
into five essentially different groups. Accordingly, they are (1) the
trimethylchlorosilane - based methods, (2) the hexamethyldisilazane - based
methods, (3) the silylamine - ba‘sed“‘tﬁémaaé‘,‘""tm‘*'ﬁhe‘sn‘ylamide - based

methods and (5) a few miscellaneous methods.

The trimethylchlorosilane-based methods are normally used to silylate
alcohols, ﬁhenols and a few acids. This work mainly made use of the trimethyl-
chlorosilane - based method which involves the reaction of a triorganochlorosilane

with an alkali metal salt of an imide. In this work the cyclic imides used

were succinimide and phthalimide. The alkali metal used was potassium. 1In
general a number of the first four above methods have been used to silylate
cyclic amides and a few cyclic imides 28 .

N-(trimethylsilyl)succinimide has been made by at least six different
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methods. The first two methods of preparation have been done by Frainnetetl

al 47. One of the methods he use@ involves beginning with the sodium or

potassium salt of succinimide which can be prepared by a number of different

ways 25,48 and reacting either of them with trimethylchlorosilane.
v 7
H,C—C H,C—C
2{ S+ (CH,) SiCl —_> 2 \NS:E(CE3)3+KCI
H,C—C 33 H,¢—cg e
2‘—f'§0 2 Qbo

The second method he used is the reaction of hexamethyldisilazane with

succinimide which yields N-(trimethylsilyl)succinimide and ammonia.

0 ' 0
% &
H,C—C H,C—

- 21 T~wmu + ( (cH)) Si ))NH —— 2 2} TS wsi(eH,). + NH
: — 37377 2 ‘ — 373 3

- H_C—C HC—ﬁ\

2 \\0 . .2 N
This method was alsc used by Wannagat 49'. This method normally yields a

‘»clean product with nevﬁidé feactions. The reactidn}usﬁally requires refluxing
for a number of hours. Frainnet also has prepared N-(triethylsilyl)-
and N-(triphenylsilyl)succinimide using both of the ébove methods.

Further, there are two methods used by Birkofer 150,51 . The first of
these two methods involves the reaction of N-chloro or N-bromosuccinimide
with N—(trimethyisilyl)acetamide to yield N-(trimethylsilyl)succinimide and

the N-halomidesilylester.

. 0
H 0_040 0si(cH,) 1. c—c” 0si(CH,)
2] SNwx + one” 373 S 2 ~~ nsi(cH,), + cu.c’ 373
o 3N L_ ~ 3’3 3N
H,C C-\\o NSi(CH3)3 H, c‘\\0 NX

(X = Br,Cl)




The second method found by Birkofer is rather novel. If two moles of

N-bromosuccinimide are reacted with 1- phenyl - 2 - trimethylsilyiethane,

the expacted product 1 - phenyl - 1 - bromo - 2 - trimethylsilylethane is

not formed or if it is formed, it immediately decomposes into phenylethylene
and trimethylsilylbromide., The trimethylsilylbromide ;hen reacts with N-bromo-
succinimide to yield N~(trimetbylsily1)succinimide and free bromine., The

free bromine then reacts with the phenylethylene.

NBS »

C HgCHyCH S1(CHy) g  ——) (Cgl5CH (Br)CH, 51 (CH3) 3)- CeHsCH = CHy * (CHj) S1Br.
0
\
)C—-—CHZ

(CH3),SiBr + NBS ~ ——> (CH3),SiN [ + Br

3 3T NGt 2

Z 2
0/

CH CH = CHy, + Br, = ——>  CgH.CH(Br)CH,Br
G 5 o & -

52

The fifth method was found by Vernaleken , wherein, he reacted N~

bromosuccinimide with ethyltrimethylsilylacetate to give ethylbromoacetate

and N-(trimethylsilyl)succinimide

0

Vi 9
Hzc-—c/\ H,C—C_ :
| SN-Br + CH>—CO,C H, — | N~si(CH,), + BrCH,COC_H
HC—0C 2 7h2°27s H.C—o 33 2772725
NS
2" o S1(CHy) P N
\

The last method found was that used by Dickopp 33 ., His method sees
a very large range of application in the silylation of compounds with active
hydrogens in generall He reacted trimethylsilylchloride with succinimide
in the presence of triethylamine. The triethylamine complexes the free acid.

There is less variety of methods for the preparation of N-{trimethylsilyD-




phthalimide. N-(trimethylsilyl)phthalimide was prepared by Frainnet 41

using the potassiuﬁ salt of phthalimide and trimethylchlorosilane. He prepared
N-(triethylsilyl)- and N- (tripheny1511y1)phthallmide using this method.
Recently, this method has been used by Shsckeev et al, 27 ‘to prepare N-
(methylethylsily)- and N-(methylisopropylsily)phthalimide. Similarily, he
prepared N -(Nﬁphthalimidomethylsilyl)- and N -(Ncphthalimidodiethylsi1y1)-
_ phthalimide. He used N, N-dimethylformamide as a solvent for these reactions.
Frainnet 47 was also able to prepare N-(triméthylsilyljphthalimide
'by the reaction of'hexamethyldiéilazahe with phthalimide.
Dickopp >3 used the same method he employed for the preparation of
N- (trimethy1511y1)succ1n1m1de to prepare N- (tr1methy1511y1)phthallmide.

Klebe 24

prepared N- (trimethy1511y1)phthallmide by reacting N, 0 ~
Bis(trimetbylsilyl)acetamide with phthalimide. The B.S.A. acts as a silyl-
donor in this exchange réaction with the equilibrium lying far over to the
productg side. He carried out this reaction by refluxing in acetonitile.
Sheckesv et al., 27 prepared N-(methylethylsilyl)phthalimide by
refluxing phthalimide with methylethyichlorosilane in pyridine. The pyridine
complexes the free acid,
Some otﬁer phthalimide compounds have been prepared using silicon contain~
ing functional groups, but in these the silicon atom is not directly boﬁded
to the nitrogen atom of the phthalimide., Sommer 54 prepared trimethylsilyl-~
Imethylphthalimide by reacting phthalimide with trimethylsilylmethylchloride
in the presence of potassium carbonate and N,N-dimethyl formamide. Goubeau 35
prepared bis(methylphthalimido)dimethylsilane by reacting po£assium phthalimide

with bis(chloromethyl)dimethylsilane in N,N-dimethylformamide.

In this work N-(trimethylsilyl)succinimde and Neétrimethylsilyl)-




rhthalimide . were prepared using both the potassium salt/chlorosilane-

nethod and the imide/hexamethyldisilazane method. Comparison of their

~

infrared spectra and proton n.m.r. spectra indicated thatthe compounds
obtained by both of these methods were identical. By use of the potassium
salt/chlorosilane method seven new silylsuccinimides were prepared

and five new silylphthalimide compounds were prepared,. Two of the new

silylsuccinimides were dialkylsilyldisuccinimides.

MECHANISKS OF THE SILYLATION REACTIONS

The reaction methods mainly used in this work are essentially
similar to the first step of the Gabriel synthesis used to prepare
’ 7z

[~
. . . 6 _ .
primary amines and amino compounds ~ s Also similar to the Gabriel

synthesis are the preparations of silylmethylphthalimides and silyl-

dimethylphthalimides from the corresponding silylchlorides and poiacz-
- L g 54455
sium phthalimide «
When the method is used to synthesize N-alkylphthalimides,

the reaction mechanism is thought <o be_SN2,wherein the phthalimide icn
reacts .at the nitrogen 57;

Dimethylformamide is normally used as a solvent for Gabriel reac tions
because of its ability to dissolve the potassium salt to a small degree
and therefore increase the reaction rate. In this work tetrahydrofuran
was used as a sclvent for all of the reactions because it dissolves many

58

organometallic reagents, and is very stable to most organomet allic
compounds.
A number of detailed studies have been made on the stereochemistry of

displacement of Cl leaving groups from asymmetric silicon in optically

active compounds.
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From scmmeég worlk there appear four generalizations concerning the

reaction behaviour of silylchiorides where the Cl1~ ion is considered to be a
good leaving group. He finds that predominant inversion of configuration occurs
*

for replacement of C1~ in R4S1iC1 with:

" a) groups of widely varying basicity
H>OH, OR, OSiR>F, OCOR.

b) groups of widely varying steric requirements
ie.; O=t -~ 04H9 and H.

c) groups which form bonds to silicon in which dTr Ew bonding
: is not possible.
eg.s H
d) groups w?ich form bonds to silicon in which dw,n P dative
bondigg_ls probably significant.
eg., =5i - OR, =5i - F, etc, M
He carried 6ut a wide variety of reactions in various solvents and found that
again the predominant stereochemical path of reaction was via inversion of
configuration,

As a result Sommer 9. formulated the rulevthét "good leaving groups
X! whose conjugate acids have a PKa less thanx6 undergo nucleophilic displace-

wment frum“R3S§X*with‘iﬂversiéh‘6f“coﬁfiguration irregardliess of the nature of
the solvent and providing only that the attacking re#gént furnishes an
entering group 'Y! that is more basic than X' ", It is important to note
that this rule emphasizes basicity rather than electronegativity.

By means of a large review of these stereospecific reactions Sommer
further concludes that the reaction rates as well as the reaction mechanisms
agree with the use of the concept of basicity of 'X!, however the increased
ability of 'X' to stabilize negative charge will increase the rate of RSS§X

reaction with nucleophiles.

In accerdance with the inversion mechanism for Sn2 - Si reactions Sommer




postulates a transition state (I) having the following two requirements:

(a) a trigonal Jbipyramid geometry with 'X' and 'Y'! occupying apical
positions and (b) the bonds of 'X! and 'Y! are longer and weaker then between

silicon and the non-reacting organic groups.:-

X
b
! R
Re==——081 — |
\

I\R
]

1
Y

(1)

A fully fledged pentacoordinate Si-structure is not used because of the.

difficulty of explaining certain other results 60‘.

1 C

has found for the F~ and c1” leaving groups, when displaced
by some organometallic reagents that retention of configuration occurs. Such
results are explained on the basis of a $m! ~ Si mechanism where the transition

..state could be considered to take.on one of two equivalent geometries.

They are either tétéégoﬁal'pyramid (II) wherein 1X! and 'Y' are both in

basal positions or trigonal bipyramid (III), wherein, one is apical and one
is equatorial, The electrophile of the organometallic reagent is assumed to

be bonded to both 'X! and 'Y! to form quasi-cyclic four member transition

states.
T R
Si OR Y X 41/R
R \“\X\ or g'—-—n —.R
/ -
N 4N ) 1 ]
R y.-—-"E E--Y or X

(11) , . ’(II:;)
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In either of these mechanisms the rate controlling step will be the
breaking of tke Si-Cl bond which will have & higher energy (91 kcal/mole)

than the energy of the Si-N bond which is being formed (77 kcal/mole)
.61 . Thus, the replacing of the Si-Cl bond will be endothermic. Therefore,
accompaﬁying the replacement of Si-Cl bond there must be considerable weakening
of the Si-Cl bond by the electrophilic attack of the metal ion accompanied by
considerable release of energy by formation of a metal chloride salt. These
will be the rate controlling consideration. Thus, Sommer proposes the follbw-
ing simple models to explain the above consideratioﬁs.

For attack of lithium benzyl on a triorganosilylchloride inversion of

- configuration occﬁrs, especially if the reaction 1is carried out in a polar

~ solvent. Thus, Sommer invoked the Su2-Si mechanism involving solvent stabilized

-ion  pairs for the attacking organometallic reagent placed at the two apical

positions of configuration. Then we have:

R
|
%O g5 _x—_.1s®fe
—  /\ ——
- {Iom Pair) R R -+ ATon Pair)

R' = Benzyl
When a2 non pélar solvent is used and where 'X! is a poor leaving group
the Sni-Si mechanism is invoked to explain the retention of configuration.
Whefe X' is a poor leaving group it is also considered by Sammers to be
incapable of stabilizing -ve charge which is necessary for the cﬁarge separat-
ion that occurs in the Sw2-Si mechanism. Then we have the quasi cyclic four
membered transition state (IV), |

» -~
R3Si<\ Li
SR (1v)
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This cyclic state is usuallyvused to explain‘the results when F~ is the
leaving group., One further consideration should be noted. All things being
equal, of the three transition states mentioned, transition state I, will be
the most stable according to valence - shell, electron - pair repulsion theory
(V.S.E.P.R.) developed by.Gillespié 62 ;

On the basis of these considerations then it seems reasonable to expect
that the imide salt/silylchloride reactions would occur by an Sg2-5i mechanism.
In respect to the silylation of imides.and“cyclic nitrogen and oxygen

cdntaiﬁing hetgrocycles two ~;-35peétscan cohfﬁse the mechanistic picture,
There is a tendency during silylation of heterocyélic compounds for the silyl-
ating group to favour N-gilylation, O-silylation or both depending on the
compound. The general rule that has evolved out-of the workvby Giessler

ie that cyclic imides (and amides) O-silylate if there is significant resonance

stabilization of the ring eg:

N
\\‘c--OSiMeg

N//*\mleB

Otherwise, N-silylation will predominate.

eg L
SiM
f e3

e —
O,’\ —/ O\N___/
éiMe3
This rule neglects the'possibility of tautomerigzation having an effect upon
the outcome of the reaction. However, in the case of succinimide and phthalimide

- 5 :
. . - . o] . .
there is no coanclusive. evideuce for tautom@rlsm.\3. Therefcre,since no
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‘resénance stabili?ation can occur if they are O-gilylated, it is concluded
that only N-gilylation will take place and most likely by the Sn2-Si mechanism
described by Sommer,

In general an SN2-Si type of attack is thought to prevail in the reactions
of hexamethyldisilazang with the imides. These are reversible reactions which
have characteristic equilibriums depending on the conditions of the reaction.

64 : ' :
Langer proposes a Sn2-Si like attack which would give inversion of

configuration.
Me Me H
\/ /o |
RX: —3 /Si—lil-——SiMe3 (X = 0, 0RN)
H Me H

65 - :
proposed three mechanisms similar to those already

'Pump and Wannagat
discussed from Sommer's work for the reaction of amides with hexamethyldisilazane,

all of which involved nucleophilic attack on the silicon by nitrogen.

REACTIONS OF SILICON NITROGEN COMPOUNDS

In general, most silicon-nitrogen compounds are very sengitive to water
and protic agents. The heterocyclic compounds show a wide range of reactivities
but in general they are among the most powerful silyl donating groups.f'zg’24
N-(trimethylsilyl)imidazole is a strong enough silyl donor that it will react
with @ -halogencarboxylic esters 06 -which are inert towards free‘imidazole,~
and forms N-(trimethylsilyl)imidazoleacetate. In general, they will react
with acid chlorides with the elimination of trimethylsilylchloride. Most of
the N-trimethylsilyl - heterocyclic nitrogen compounds are thermally stable 46

if heating is carried out in vacuo. A notable exception to this trend is that

of silylated tetrazoles which decompose at temperatures above 100°C, An




excellent review covering some of the behaviour of some of these compounds
has been written by Birkofer 46 .

N-(trimethylsilyl)succinimide has been found by Wannagat 26 to be
tapaﬁle of donation of the trimethylsilyl group to N-méthyl‘N~hvdtoxymethyl—
formamide, o -phenyl -B- (methylamino)ethanol, and'N~halomides; Siﬁilariiy,
Wannagat showed that N-(trimethylsilyl)phthalimide could donate to N~halomides.

~ Birkofer 5T has done a number of reactions between N-halomides and

Ne(trimethylsilyl)succinimide. The following equation expresses his

results: _ 0
, / 05i(CH,)
Hzc_c/\ -/ 33 HZC—C'O\
R—CONH-X + °| NS1(CH3), =3 R—C + NH
H,C—G 3 Snx i, 6—cg”
AN | | 2°7%
R X R X
CH,~ c1 ‘ CH - c1
CeH, ~ Cl g
6 -
6 -Q6HS Cl
CH,) CH~
(city), br (CHy) ,CH- Br
- :Birkofer ' has:ralso found that reactions between N-{trimethylsilyl)-

amides and various aldehydes occur, wherein, there is an attack of the silyl
group on the oxygen of the‘aldehyde followed by coupling of the ¢ =-carbon of
the aldehyde to the nitrogen of the amide. According to Birkofer this is a two

step mechanism, which he writes as follows:

i ~CH—OH
STER T  _ 7/  +-CoONB-= \
X0 —CON—
STEP II ~ —CH—OH +—CON- | CH-0-51 (CH3)
| — / 3 + —CONH—

. =—=CON~— Si(CH2)3 —CON—
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With N-{trimethylsilyl)succinimide the reaction between it and aldehydes
apparently occurs very slowly. However, in the presence of a catalyst like

NaOSi(CH3)3 the reaction occurs very quickly, according to following scheme§

HyC—2 +  (CHy)3510°9 Ho—Q .+ ReHO
“N—S81(CH4) > N _—
l___ / 3 3 ¢ — //
H, C—Cg - ((cHg)451 )50 HZC 5
H,0—cf
+ 2 ~ ‘(o 0
>N—CH—R - -
. é__%/ ¢ 2% \ /NCH-R
2 o® HZC—-CD NS ' HZC-—GD l
o , - P 051(CH,4)
v HZC’“"C:O ‘ ‘
R = C,H,
= n - CBE'Z"

The reaction between N-(trimethylsilyl)succinimide and an N-(methyl~
’ 58 ’
hydroxy)amide was done by B&hem. - However, here the silyl group attacks the

-. methyl .oxygen of. the hydroxyl group and reacts as follows:

CH ~ cH
om-n” ° o+ Hyo—cR | 3 H, c—é)\
| N-$1(CHy), —) OHC—N + NH
cH OH  H, _c—-q\o/

CH2031(0H3)3

MASS SPECTRA OF Si - N BOND CONTAINING COMPOUNDS

- Very little mass spectra data is available on Si-N bond containing

compounds. A larger amount of effort, however, has been expended on silyl
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ethers because of their extensive use for purification and identification

-

purposes.

The mass spectra of « -functional organosilicon compounds and their

organic analogues differ. This difference has been attributed to the extended

delocalizastion found frequently in silicon compounds . This is illustrated

by a comparison between the fragmentation pattern of tetraphenylmethane and

tetraphenylsilane, wherein, important fragments of the tetraphenylsilane are
. 7~

due to unsaturated silicon moieties. ©9 ,

Some general trends in fragmentation patterns appear for the trimethyl-

silylethers and these can in some cases be generalized to the silicon-nitrogen

bond containing compounds. Diekman 10 .found that of the two possible

fragmentations open to trimethylsilylethers the more favourable is the loss

of a methyl from the molecule (M-15) giving in most cases the base peak., Thi:

base peak is regarded as the progenitor of most other fragments. Hydrogen
transfer with elimination of an olefin is also a predominant fragment after
the (M-15) ion has been formed in silylethers. |

Diekman, ffam the méés spectra of behzyltriﬁethylsilyiethers and para-
substituted benzyltrimethylsi1y1etheg§_found that the trimethylsilyl group
was not a particularly good fragment director, M—CH3 is a predominant frag-
ment, the trimethylsilyl cation is present and the molecular ion is normally
a very small amount of the total ion current. |

The m@s# spectrum of N-(trimethylsilyl)benzylamine has the same major
fragmentation pattern as that of the benzyltrimethylsilylethers. The M-CHj
ion peak is almost as large as the base ion peak. The trimethylsilyl cation

is found in greater abundance. Unlike the ethers a major source of fragmen-

tation occurs via the loss of -CH = NH to produce CgHsSi(CK,), and (Glly),S1 «
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Both ways of a-fragmentation'are represented. Other benzyltrimethylsilylaﬁinesA
exhibit the same general behaviour. N-methyl - N-(trimethylsilyl)benzylamine
shows a much different behaviour in terms of rearrangement, but the (M-~15)
peék still is the base peak 70 .

From Aylet% work 1,72 , N-phenylsilylamine gave a molecular ion peak,
a M-2 ion supposedlto be SiH, = NehT (illustrating again the unsaturated
nature of some silicon containing fragments) and the'reét of the ions are due
to the organic moity; dimethylaminosilane gives the molecular ibﬁ, M-1, M-2,
M-3, corresponding each to successive loss of hydrogen from silicon, after
which the Si-N bond breaks.

The mass spectra of a number of silazanes have been done by Silbiger
et al, 73 For hexamethylcyclotrisilazane and octamethylcyclotetrasilazane
the intensity of the molecular ion peak was small and thé base peak was due
to'tM-IS) ion in both, They.both exhibit the ability to lose ammonia and
methane from the M-15 ion and both exhibit the presence of doubly charged

ions found for most of the above compounds. The other silazanes exhibit

'"stmilar'behaviour.

No mass spectra of silylimides or similar compounds were found. However,
by considering the analogous organic compounds one would expect some similari-
ties. For N-n-butylsuccinimide 74" it is found that thére is a relatively
abundant molecular ion, there are less intense peaks due to a-,R~ and ¥-

-cleavage, there are peaks due to hydrogen transfer from the R~ and ¥ —carbons and

there is loss of CO from the ring. Also the ring tends to cleave into two
fragments, *CHyCH,C = 0" and/or RNC - o', The spectra of aromatic phthalimides
have been run and the loss of 002 from the imide is a major path to fragmentation

for these compounds 15 N



-
wd -

N.M.R. SPECTRA OF SI-Y BOND CONTAINING CCNPCUNDS

Most of the-proton n.m.r. studies of the Si-N bhond containing com-
pounds have been attempis to clarify the electronic nature of the Si-}
bond;since there is some uncertainty as 1o the exact nature of this bond.
The reason for this uncertainty is that many silicon containing com-
pounds exhibit a behavior which can not be attributed to simple inductive
effects, An e%ample of this is the n.m.r. studies of silyl-substituted

: & | , .
butadienes done by Bock 7 «Wor these experiments he rinds that fthe silgl

~group on the butadiene behaves as an acceptor of electron density with
respect to the carbon anologues. This he suggested was due to the par—
ticipation of espty silicon 3d orhitals in the pi-systenm of tutadiene

hecause it would rationalize the fact that the -T effect was greater than

multiple bonding bé%ween silicon and any other element. Therefore,these
pi—interactions(refered to as dTT—pﬂ.interaction) aré difficult to prove
or’dispréﬁe in any final way.

Since the S5i-N bond is very likely to approach the multiple bonding
=extreme“because~of~theMavailability'of“the*nitrogen"lone péir,proton'n;mor,
studies of the compounds in this work could bhe a good source of evidence
concerning du.--prr interactions in the ground state. This is true because
the nuclear magnetic resonance of a particular nuclewsissensitive to the
electron density at that particular nuclei in the molecule.

For N-trimethylsilyl-substituted heterocyclic compounds that con-
tain a Si—N bond,"the chemical shifts of the methyl protons may be regarded

as a measure of the extent to which the silicon atom shares the the lone

pair of electrons on the nitrogen atom of the Si-N bond,increasing 'S—
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n
values corresponding to reduced shielding.

This statement is made by
Birkofer on the basis of a comparison between N-trimethylsilyl-substituted
compounds and the analogous N-t-butyl compounds,wherein,he finds that the

chemical shifts of the methyl protons on the trimethylsilyl moiety

are reduced by back donation of the nitrogen to the silicon.

INFRARED SPECTRA OF Si-N BOND CONTAING COMPOUNDS

It has been found by Brook that organosilicon compounds having a

carbonyl adjacent to silicon exhibits infrared properties considerably

17

different in behavior from those of its carbon anologues s The carbonyl
absorption appears at remarkably low frguencies; 1645 cm”l for acetyl
or propionul silanes.

It has'been suggested that these anomolous effects might be due to
interaction of the unshared pair elec{rbns of the oxygen atom of the
carbdnyl with the unoccupied but accessible d-orbitals of the silicon 78,
It seems reasonable that if such dwrpm interactions were associated with
the anomolous spectral properties of a-silylketones that li%tle effect
“'wollld be observed'for'B4ketosilanes*becéuse'of'the\poor ovérlap of the

carbonyl oxygen with the silicon atom. Brook found that the carbonyl

absorption frequency for the fR~ketosilanes were the same as the carbon

anolgues. Thus,only when the silicon atom is directly attached to the
carbonyl group are these anomolous effects observed and these are atiri-

buted to dﬂ: interactions which can be represented by the following

B

resonance structures. o

' +
R3SiCOR PN R3SI=2R
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Howevef,aﬁ alternate explanation has been proposed. The SiR3 groups
are electron releasing with respect to their carbon anologues. As a result
of electron release into the carbonyl adjacent to the silicon atom the
carbonyl bond polarity would increase and therefore the carbonyl absorption
frequency would decrease. This is opposite to the effect of placing an
electron withdrawing group adjacent to the carbonyl which tends to decrease
the bond polarity,thereby increasing the double bond character of the
carbonyl and thus,raise the aboo“ptlon freguency of the carbonyl 79

Therefore,as can be seen the effect of the SiR, group.adjacent to

3

to the carbonyl could be due to either the +I effect, the dﬂmpw effect,

SiR3
. or to a combination of both.

For the imides prepared résonancé structures can be writtern. The reso-—
nance interactions of the imide moiety will lower the carbonyl absorption

frequency because the bond polarization of the carbonyl will be increased.

=N—8— &> =ﬁ==g—
However,resonance inferaction between the Si-N bond wiil tend to shift the
electron density away from the the carbonyl reduoln the boﬁd polarit& of
the carbonyl bond, Therefore,if dr"pﬁ bonding occurs between the 5i-N
bond of these molecnles to a larce extent it will have the same effect as
an electren withdrawing group and the carbonyl absorntion frequency will in-
creaze, Thus,if dw—pw bonding is a large effect,the carbonyl absorption
frequency will be greater in the silyl-substituted imides than in the
unsubstitutea imides,
| The &IS R effect will increase the bond polarizétion of the car-

bonyl and therefore the carbonly absorption frquency w1ll decrease. Thus,

if the +ISiR effect is large the carbonyl frequency will be lower in the
3

silyl-substituted imides than in the unsubstituted imides.
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Thus,the infrared spectra of these compounds should indicate which

effect‘is the larger.
CONCLUSION

The compounds prepared in this work are useful in two ways. They

- supply more data concerning the electronic nature of a Si-N bond. They

are useful precursors in silyl donor reactions where the final products
desired have various R groups on the silicon. They are particularily

good because of theirbpowerful silyl donor properties and bacause the imide
produced in such exchange reactions can be easil& separated from the de-

sired product since they are insoluble in most organic reagents.




-21-

GENERAL PROCEDURE, APPARATUS AND REAGENT

GENERAL

Due to the air and moisture sensitivity of most of the compounds, either
ugsed as starting materials or prepéred, ﬁhe handling of these compounds was
carried out as much as possible either in a conventional vacuum gas rack or
under a dry nitrogen atmosphere. When it was necessary to expose air sensitive
‘compounds to the atmbsphere, sucﬁ exposure was kept at a.minimum; All
apparatus used to manipulate these compounds were dried at 120°C for three
hours and flushed with dry nitrogen. A syringe was used to handle the chloro-
silanes and hexamethyldisilazane. Microanalysis and molecular weight determina-
tions (Rast method) was performed by Dr. Alfred Bernhardt at the Mikro-

analytisches Laboratorium im Max - Planck - Institute, Mulheim, Germanv.

-INSTRUMENTAL

Infrared spectra were recorded by a Perkin-Elmer, Model 337, grating
ﬂ'spectrcphctometer,v%&nearwinmﬁaVEﬁnumber’and"covertng'thE“range of 4000-400
- wave numbers. Liquid compounds were run as films between KBr disés. Solid
compounds prepared were run és nujol mulls between KBf discs. The spectrum
of the carbonyl stretching region and the silicon-hydrogen stretching region
were run as 10-2M and 10'1M solutions respectively in dry chloroform using a
KBr liquid cell éf thickness 0.1 mm. All peak positions were determined to
b3 1.0 cm'1 using polystyrene for calibration.

All nuclear resonance spectra were recorded on a Varian A56/60 Analytical
N.M.R. Spectrophotometer. Proton n.m;r. spectra were run as 10 mole percent

solutions in deuterated chloroform. The protonated chloroform present as an
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impurity in the deuterated chloroform was used as the internal reference
sﬁandard where possible. Where this peak was masked by other peaks, the
spectrum was run in deuterated chloroform, and then a drop of chloroform was
added to give a reference peak. All samples were run in the same thin walled
quartz n.m.r. sample tube at 40°C. The sample tube was pressure capped during
gpectra runs,

All mass spectra were run on a Hitachi,Perkin-Elmer, R.M.U. -6D mass
spectrometer. The chamber temperature was 230150C, The ion source was run
at 50 e.v. Solid samples were introduced directly fo the ion source. Liquid
samples were vapourized into the gas inlet system.

A Rinco variable temperature oven was used to fractionally distill liquid

samples.
CHEMICALS

All the chlorosilanes used except trimethylchlorosilane (Matheson Coleman
and Bell) were obtained from Pemminsular Cheﬁresearch Incorporated, and used
.without further purifiéation,

Succinimide (Aldrich Chemical Company) was purified by two recryétaliiza-
tions from water and dried in vacuo.

Phthalimide (Aldrich Chemical Company) was purified by two recrystalliza-
tions from wafer and dried in vacuo,

Potassium metal (Fischer Scient{fic Company) was used without further
purification,

Hexamethyldisiltazane (Pierce Chemical Company) was used without fu:ther
purification.

Potassium phthalimide (Matheson, Coleman and Bell) was .not suitable for
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these reactions, It contained some impufity which led to unwanted products..
Tetrohydrofuran (T.H.F.) was refluxed vigourously for one hour over
lithium aluminim hydride under dry nitrogen and then was distilled into the

reaction flasks directly for use.

The chloroform was dried and purified according to Vigel 80 .

Bénzene was dried over sodium wire for three days and then distilled.
Anhydrous ethylether (Fis her Scientific Company) was used directly,
Rntan=l-0l (Fis her Scigntific Company) was distilled with benzene to

remove wWater; thg fraction that was used boiled &t_ia9—131°c.
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EXPERIMENTAL

PART 1

——————————

CHLOROSILANES AND POTASSIUM SUCCINIMIDE

REACTION OF POTASSIUM METAL WITH SUCCINIMIDE

Potassium metal (1.17 g, 29.9 mmole) was cut into small pieces under
dry cyclohexane. These:pieces were added to succinimide (3.0Q g, 30.3 mmole)
in 35 ml of dry T.H.F. under dry nitrogen in a 250 ml two-necked round-
bottom flask fitted with a reflux condenser. The mixture was refluxed at a
moderate rate with stirring for two hours. A thick white precipitate was
formed, fdentified a2s potassium succinimide. A sﬁall but undetermined amount
" of potassium metal did not react. The reaction mixture was cadled to 0°C in
ah ice bath pzier to the addition of the chlorosilanes. This reaction was

repeated for each reaction of potassium succinimide with a chlorosilane.,

REACTION OF POTASSTUM SUCCINIMIDE WITH TRIMETHYLCHLOROSILANE

Trimethylchlorosilane (3,17 g, 29.0 mmole) was added slowly to a stirred
mixture of potassium succinimide (4.10 g, 29.9 mmole) at 0°C, under dry
nitrogen, A fine white precipitate was formed, identified by the silver nitrate
test as a water soluble chloride salt presumed to be potassium chloride.
‘Suction filtering through a sintered glass (M porésity) filter gave a pale
yvellow liquid filtrate. After pumping off the T.H.F. and unreacted triﬁethyl-
chlorosilane, vacuum distillation gave a clear, cplourless liquid identified
as N-(trimethylsi1y1)succinimide (1.51 g, 8.81 mmole, 30%, b.p. 120°C at 10'2mm).

Anal. caled. for C;Hy,NO,Si: C, 49.09; H, 7.65. Found: C, 49.25; H, 8.03.
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The infréred spectrum (liquid phase, neat) is shown in figure 2(a). The
infrared spectrum klO'zM solution) gave the value for the most intense carbonyl
absorptionband as 1689 ém'l. o

Two singlets, one at 2,64 p.p.m. and one at 0.42 p.p.m. were found for
the proton n.m.r. spectrum, The relative areas of the two peaks were found to
be 4.1:9.2 and they were assigned to the ESiNCO(CH2)200 and -Si(CH3)3'groups

_ b 2
- respectively,
 The mass spectrum (Table 1(a) )was obtained By vapourizing the liquid

sample into the gas inlet system at 100%50¢,

TABLE 1(a) The ten most abundant peaks for the mass
spectrum of N-(trimethylsilyl) succinimide.

mfe . % Relative Abundance
156 43.4
149 15,7
T 148 31.4
147 1100.0
131 9.6
93 28.9
75 22.9
73 28.9
66 15.7
55 16.9

The molecular ion (m/e = 171) has an abundance equal to {1%. Four peaks
(m/e = 217,189,184,175) appear above the parent ion. No metastable peaks were

found,

REACTION OF POTASSIUM SUGCINIMIDE WITH TRIETHYLCHLOROSILANE

Using the above procedure, triethylchlorosilane (4.50 g, 29.9 mmole) was
reacted with potassium succinimide (4,10 g, 29.9 mmolés), was filtered,and the
T.H.F. and unreacted triethylchlorosilane were pumped off to yield a pale

yellow liquid - solid mixture. Vacuum distillation of this .mixture yielded a
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clear colourlegs liquid identified as N-(trietﬁylsilyl)succinimide. (2.05 g,
.9.61 mmole, 32%, b.p. 1500C at 10 mm). |

Anal. calcd, }or Ciot1gNO,Si C,‘56.29; H, 8.98. Found: C, 55.92;
H, 9.08, |

The infrared spectrum (liquid phase, neét) is shown in figure 2(b). The - ;;
infrared spectrum (10-2M solution) gave the value for the most intense carbonyl
absorption peak as 1685 “em 1,

Two singlets, one at 2.68 p.p.m. and one at - 0.99 p.p.m., were found
for the proton n.m.r. spectrum. .The relative areas of the two peaks were

4,0:16,2 and thege were assigned to the :SiNCO(CHZ)ZCO ..and the (CH,CH,) Si

=7 1 37273
groups respectively (fig 4(a) ). The proton n.m.r. spectrum (neat, liquid
ph#se) of the (CH3CH2)381 - group on a 30 cycle sweep width showed that this
singlet was unsymmetrical (fig 4(b) ). The proton n.m.r. spectrum (10 mole
_ percent solution in benzene) of the (CH3CH2)“Si group on a 50 cyele sweep

3

width gave a multiplet (fig 4(c) ). The proton n.m.r. spectrum (10 mole
percent in chloroform) on a 500 cycle sweep width,when varied in temperature

from -80°¢C to +40°C in 20% steps showed no change in the peaks except for

natural line width broadening at low temperatures.

The mass spectrum (table 1(b) ) was obtained by vapourizing a liquid

sample into the gas inlet system at 100 ¥ soc,

TABLE 1(b) The ten most abundant peaks for the mass
spectrum of N-(triethylsilyl)succinimide.

m/e % Relative Abundance
218 ‘ 43,5
187 67.1
186 100 *
185 - 100 *
157 o 76.5
104 100,0
101 29.4
76 100.0
73 ' 42.4

56 ) 74,1
* Qff scale '
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The meolecular ion (m/e = 213) has an abundance of less than 1%. Five.

measurasble metastable peaks are found at m/fe = 55.8 , 58.8 , 133.1,166.0 and 138.1.

This mass spectrum was repeated two times and the ion at mfe = 218

remained in both at approximately the same abundance.

REACTION OF DIMETHYLCHLOROSILANE WITH POTASSIUM SUCCINIMIDE

| Using the above procedure,‘dimethylchlorosilane (4.75 g, 29.5 mmole)
was reacted with potassium succinimide(4,10 g, 29.9 mmole), was filtered,
anduthe T.H.F. and unreacted dimethylchlorosilane were pumped off to yield
a pale yellow liquid - solid mixture. Vacuum distillation yielded a clear
colourless liquid identified as_N-(dimethylsilyl)succinimide; (2.09 g, 12.3
mmole, 28%, b.p. 120°C at 10 2mm).

Anal, calcd. for C6H11N0281 ¢+ C, 45.843 H, 7.05, Found: C, 45.93; H, 7.35.
' The infrared spectfum (iiquid phase, neat) is shown in figure 2(c). The

infrared spectrum (1072M solution) gave the value for the most intense carbonyl

absorption peak as 1717 em™l, The infrared spectrum (1071 solution) gave
©..:. fhe value For the most -intense .carbonyl .absorption peak as 1698... .cm~! and
gave the value for the Si-H absorption peak as 2192 . cm'l.

A septet, a singlet and a doublet, at 4.68 p.p.m. (J = 3.6 tTo. cps),
2.66 p.p.m., and at 0.42 p.p.m. (J = 3,7 t 0.1 cps) respectively were found
for the proton n.m.r. spectrum. The relative areas of the three sets of peaks
were found Eo be 0.8:4.0:6.4 and they were assigned to the ;SiH, ESiNCO(CHZ)ZCO
| S |
and (CH3)281 = groups respectively.

This compound was found to be particularly air sensitive.
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REACTION OF ALLYLDIMETHYLCHLOROSILANE WITH POTASSIUM SUCCINIMIDE

Using the above procedure, aliyldimethylchlorosilane (4,03 g, 29.9 mmoles)
was reacted with potassium succinimide.(é.lo g, 29.9 mmole) was filtered,and
the T.H.F. and unreacted allyldimethylchlorosilane were pumped off to yield
aﬂpale yellow liquid - solid mixture. Vacuum distillation yielded a clear
colourless l1iquid identified as N- (allyldimethylsilyl)succinimide (2.07 g,

10.5 mmole, 35%, b.p. 170°C at 10~ mm)

Anal. caled, for CgH,.NO Si : C, 54.28; H, 7.66. Found: G, 55.18;

15
H, 8.04.
| The infrared spectrum (liquid phase, neat) is shown in figure 2(d). The
infrared spactrum (IO'ZM solution) gave the value for the most intense carbonyl
absorption peak as 1696 cm'l. -7
A singlet at 2,65 p.p.m., a doublet at 1.91 p.p.m., a singlet at
0.43 p. p.m., a multiplet centred at 5.89 p.p.m. and a multiplet centred at

4.82 p.p.m, were‘found for the proton n.m,r, spectrum. The relative areas

of the peaks were 4.5:2,5:6,2:1,4:2.2 and they were assigned to the

-~ Z51NCO(CH,) €0, CHy = CH.~ CHy -~,= $1(CH3),, CH, = GH - GH, =, and the CH

2 = 2 222
= CH - CH, - groups respectively. 7
The mass spectrum table 1(c) was obtained by vapourizing a liqu;d sample

into the gas inlet system at 100 T 59,

TABLE 1(c) The ten most abundant peaks for the mass
spectrum of N-(allyldimethylsilyl) succinimide.

mfe % Relative Abundance
217 _ 16.5
190 11.8
185 - ' - 38.8
184 100 =*
156 17.6
103 - 100.0
75 92.9.
72 15.3
55 : 28.2
45 16.5

* Off Scale
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The molecular ion (m/e 197) appears with less than 1,07 abundance.

Two measurable metastable peaks were found at m/e = 54.6 and 57.7 .

REACTION OF PHENYIMETHYLCHLOROSILANE WITH POTASSIUM SUCCINIMIDE

Using the above procedure, phenylmethylchlorosilane (4.68 g, 29.9 mmole)
.ﬁas reacted with potassium succinimide (4.10 g, 29.9 mmole), was filtered,
and the T.H.F. and unreacted phenylmethylchlorosilane were pumped off to yield
‘a pale yellowvliquid-sdlid mixture, Vacuum distillation yielded-a clear
colourless liquid identified as N-(phenylmethylsilyl)succinimide (1.95 g,
8.89 mmole, 19%, b.p. 200°C at 10~2mm).
Anal, caled. for Ci1H13 NOZSi : C, 60,253 H, 5.97. Found: C, 60,243
H, 6.49, | |

The infrared spectrum (liquid phase, neat) is shown in figure 2(e). A
small amount of succinimide.impurity is evident ffom this spectrum. The
-infrared spectrum (10~2u solution) gave the value for the most intense
carbonyl absorption peak as 1670 en”!.  The infrared speéﬁrum (10”1
'~soiution9«gave*the*value‘for*theimostfintense~carbony1jabsorption“peak as
1697 em™l and gave the value féf the Si;H absorption péak as 2200 | em-1l
fig 3(b).

A singlet at 2,66 p.p.m., a quartet at 5,22 p.p.m. (J = 3.6 % 0.1 cps),
a doublet at 0.70 p.p.m. (J = 3.6 to.1 cps) and a multiplet centred at
7.49 p.p.m,, were found for the'proton n.m,r, spectrum, The relative areas
of the peéks were 5.0:1,0:3.3:6.6 and they weré assigned to the ESiNCO(CHZ)écO
=Si-H, ESiCH3 and 06H5315 groups respectively.

The mass spectrum‘(table 1(d) ) was obtained by vapourizing a liquid

sample into the gas inlet system at 130°¢ ¥ 59,
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TABLE 1(d) The ten most abundant peaks for the mass
spectrum of N-(phenylmethylsilyl)succinimide. -

mfe % Relative Abundance
217 68.5
189 ' 32.5
161 ’ 31.6
147 47.4
105 . 2.1
99 _ 100.0
77 42.1
56 : 57.9

28 100.0

The molecular ion (m/e = 219) had an abundancé of 13.2%. Oﬁe

metastable peak was . found at m/e=165.0.

REACTION OF DIPHENYLMETHYLCHLOROSILANE WITH POTASSIUM SUCCINIMIDE

Using‘the above procedure; diphenylmethylchlorosilane (6694 g, 29.9
mmole) was reacte& with potassium succinimide (4.10 g, 29.9 mmole), was
filtered;and the T.H.F. and unreacted phenyldimethylchlorosilane were pumped
off to yield a pale yellow solid. The solid was dissolved in dry benzene,

" insoluble succinimide was Filtered off and a white crystalline solid was

obtained by recrystallization which was identified as N-(diphenylmethylsilyl)
succinimide. (2.04 g, 6.94 mmole, 25%, m.p. 88-90°C).

Anal. caled. for CI7H17N0281 : C, 69.12; H, 5.80. Found C, 68.85; : y
H, 5.83. ' .

The infrared spectrum wjol mull) is shown in figure 2(f). The infrared

spectrum (IO'ZM solution) gave the value for the most intense carbonyi
absorption peak as 1696 ém“l.
A singlet at 2.55 p.p.m., a singlet at 0.98 p.pe.m. and a multiplet

centred at .7.34 p.p.m.‘were found for the protom n.m.r.. The relative peak
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€O, ZSiCH,

areas were 4.5:3.0:10.8 and they were assigned to the ESiNCO(CH2)2
and (CgHs),81 = groups fespectively.

Attempts to purify this compound by sublimation led to an increase in
the impurity peaks found in the proton n.m.r. spectrum of the sublimate as
compared with the spectrum of the recrystallized product. Sublimation was
carried out at 70°C at 10~%mm of Hg.

The ﬁags spectium (table 1(e) ) was obtained for a sample temperature
of 25 T 5%,

TABLE 1(e) The ten most abundant peaks for the mass
spectrum of N-(diphenylmethylsilyl)succinimide.

m/e ‘ % Relative Abundance
295 - 13.8
281 ' ' 24.1
280 100.0
218 44,9
19¢ . 27.6
195 15.5
181 12.1
137 20.7
99 ' 12.1

28 . _ 10.3
- -Two metas%able‘péaké'wexe'ébserved at‘ﬁ7e=266,l and 254.5.

REACTION OF PHENYLDIMETHYLCHLOROSILANE WITH POTASSIUM SUCCINIMIDE

Using the above procedure phenyldimetgylchlorosilane (5.10 g, 29.9
mmole. ) was reécted with potassium succinimide (4.10 g, 29.9 mmole) was
filtered, and fhe T.H.F. and unreacted phenyldimethylchlorosilane were
pumped off to yield a pale red solid. Reerystallization from dry benzene
yielded a white solid identified as N-(phenyldimethylsilyl)succinimide.
(1.38 g, 5.95 mmole, 20%, m.p. 47-49°C).

Anal. caled. for C),HysNO,Si : G, 61.77; H, 6.48, Found: C, 62.33; H, 6.43.
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The infrared spectrum (nujol mull) is shown in figure 2(g). The infrared |
spectrum (10°2M solution) gave the value for the most intense carbonyl

absorption peak as 1695  cm~Ll.

A singlet at 2.58 p.p.m., a multiplet centred at 7.50 p.p.m. and a
singlet at 0.72 p.p.m. were found for the proton n.m.r. spectrum., The
relative peak areas were 4.0:4.35:5.1 and they were assigned to the ESiNCO(Cﬂz)ZCO,

:SiCGH5 and =Si(CH3)2 groups respectively.

REACTION OF DIMETHYLDICHLOROSILANE WITH POTASSIUM SUCCINIMIDE

~ Using the above procedure, potassium metal (3.96 g, 99.0 ﬁmole) was
reacted ﬁith succinimide (10.02 8s 101 mmole) in 70 ml dry T.H.F._ Dimethyl-
" dichlorosilane (6,50 g, 50.4 mmole) was reacted with the potassium succinimide
(13.83 gz, 101 mmole), was filtered and the T.H.F. and unreacﬁed dimethyldichlors-
silane were pumped off yielding a pale yellow liquid-solid mixture. The
mixture was dissolved in dry benzene and the insoluble succinimide was
filteréd off., Vacuum distillation of the filtrate for four days yielded a-
viscous clear pale yellowAiiquid.iﬁéﬁtified as>Ni-(Ntsuccinimidodimethyisilyl)»
suceinimide. (1.29 g, 5.04 mmole, iO%, b.p. 100°C at 107 %mm). |

Anal. calcd., for ClOH14N204Si ¢ C, 47.24; H, 5.54. Found: C, 46.73;

H, 5.70.

The infrared spectrum (liquid phase, neat) is shown in figure 2(h).

A singlet at 0.77 p.p.m. and a singlet at 2.64 p.p.m. were found for
the proton n.m.r. spectrum. The relative peak areas were 6.0:9.6 and they
were assigned to the =Si(CH,), and two =NCO(CH,),CO groups respectively.

g 372 2 LY group p y

This compound . was particularly sensitive to moisture.



REACTION OF METHYLY INYLDICHLOROSILANE WITH POTASSIUM SUCCINIMIDE ' i

Following the above procedure, methylvinyldichlorosilane (7.06_g, 50,5
mmole) was reacted with potassium succinimide (5.01 g, 50.5 mmole), was
filtered, and the T.H.F. and unreacted methy1v1ny1d1chlorosilane were pumped
off to yield a pale yellow solid-liquid mixture. The mixture was dissolved
in'dry benzene and the insoluble succinimide was filtered off., Vacﬁum
'_disiiliatioﬁ of the filtrate for four days yieldéd a pale yellow-liquid
identified as N‘-(Nisuccinimidomethyivinylsilyl)suécinimide. (1.34 g, 5.04
mmole, 10%, b.p. 100°C at 10~ %mm).

No analysis was obtained due to the instability of this compound.

The infrared spectrum (neat, liquid phase) is shown in figure 2(i).
The presence of a small amount of sucéinimide impurity can be detected from
this spectrum,

A éinglet at 2.63 p.g.m., a singlet at 0.89 p.p.m. and a multiplet
centred at 6,08 p.p.m. were found for the protoﬁ‘ﬁ.m.r. spectrum., The

: relative‘peak-areas.were 10.2:3.0:4.6 and they were assigned to the two

u'fﬂ~NCO(CH2)ZCO,.-SiCH and CH, = CH- Si -= groups .respectively,

3
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PART II

POTASSIUM PHTHALIMIDE AND CHLOROSILANES

REACTION OF POTASSIUM PEATOXIDE® WITH PHTHALIMIDE

 Following the method of Hammick and lockett 81phthalimide (5.4 g, 36.8
mmoie) was dis501ved in 70 m1 of pentan=i=sl at 100°C and-then added to a
solution of potassium p entoxide \in 60 mls of pentan=l=gl at 10090 (made by
adding potassium metal (2.15 g, 55.0 mmoles) to 60 ml of pentan=l-pl), A
white precipitaté was formed. The mixture was cooled to 0°C, filtered, washed
with three 20 ml portions of anhydrous ethylether and dried to yield a white

solid identified as potassium phthalimide (5.1 g, 27.6 mmoles, 75%).

REACTION OF POTASSIUM PHTHALIMIDE WITH TRIMETHYLCHLOROSILANE

Potassium phthalimide (5.11 g, 27.6 mmole) was added to 56 ml dry T.H.F.
in a 150 ml , two necked,round-bottomed flask with a reflux condenser.
Trimethylchlorosilane (2.99 g, 27.6 mmole) was added slowly with stirring.
v~Thevreaction=was'heatedgto-6OQC;for'15 minutes; then cooled to OOC, filtered:
through a sintered glass filter (M) and the‘T.H.F. and unreacted trimethyl-
chlorosilane were pumped off to yield a white solid. The solid was dissolved
in dry benzene, the insoluble phthalimide was fil;ered off and a white
crystalline solia was recrystallized from the filtrate and identified as
N-(trimethylsilyl)phthalimide (2.63 g, 12.0 mmole, 44%, m.p. 65-679C).

Anal, caled, for CIOH13N0281 : C, 60.245 H, 5.98. TFound: C, 60.41;

H, 6.01.

Molecular weight caled: 219, Found: 209.

The infrared spectrum (nujol mull) is shown in figure 2(j). The infrared




spectrum (IO-ZM solution) gave the value for the most intense carbonyl

absorption peak as 1700 em~1,

A singlet at 0.80 p.p.m., and a multiplet centred at 7.69 p.p.m.
were found for the proton n.m.r. spectrum. The relative peak areas were
' 9.3:4.0 and they were assigned to the -Si(CH3) and $Si-NCOC H400 groups
L0 4
respectively.
The mass spectrum (table 1(f))was obtained at a sample temperature
of 33%.

TABLE 1(f) The ¥en most abundant peaks of the mass
spectrum of N- (trimethylsilyl)phthalxmide

m/e % Relative Abundance
205 ' 42.1
204 100 *
161 , 23.7
166 100.0
130 92.1
102 . 85.5
76 - 18.4
75 , 17.1
28 21.1
18 23.7
*0ff scale '

Two metastable peaks were observed at m/e=80.1 and 125.5. The molecular

s

ien  at m/e=219 had an abundance of 3%.

REAGTION OF TRIETHYILCHLOROSILANE WITH POTASSIUM PHTHALIMIDE

Using the above procedure, triethylsilylchlorosilane (8.0 g, 53.4
mmole) was reacted with potassium phthalimide (10.0 g, 54.1 mmole), was
filtered,and the T.Q.F. and the unreacted triethylchlorosilane were pumped
off yielding a liquid-solid mixture. Vacuum distillation of this mixture
yielded a clear colourless liquid identifiéd as N-(triethylsilyl)phthalimide

(4.3 g, 16.5 mmole, 48 %, b.p. 112°C at 10~ 2mm).
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Anal, caled., for Cth19NOZSi : G, 64,323 H, 7.34. Found: C, 64.06;
H, 7.34.

The infrared spectrum (neat, liquid phase) is shown in figure 2(k). The
.infrared spectrum (10~2M solution) gave the value for the most intense carbonyl
absorption peak as 1701 em™L, ‘ |

A singlet at 1.00 p.p.m. and a multiplet centred at 7.73 p.p.m.
(relative te internal chloroform) were found for the proton n.m.r. spectrum
(10 mole percent solution). (fig 5(a) ). The relative peak areas were
15.4:4.0 and they were assigned to the (CH3CH2)3Si'f and §SiNCOC6H4CO groups
respectively. The proton n.m.r. (neat, liquid phase) spectrum for a 50 cycle
scan width of the singlet assignéd to the -Si(CHZCH3)3 group fevealed that
the singlet was unsymmetrical. (fig 5(b) ). The proton n.m.r. spectrum (10
mole percent solution in deuterated benzene) of the -Si(CHZCH3)3 group on
50 cycle scan width gave a multiplet. (fig 5(¢) ). A 50 cycle scan of the

phenyl protons gave two sets of peaks that were mirrerimages and separated

by approximately 9.6 c.p.s. (fig 5(@d) ).

- REACTION OF DIMETHYLCHLOROSILANE WITH POTASSIUM PHTHALIMIDE .

Using the above procedure, dimethylchlorosilane (3.3 gs 35.1 nmole) was
reacted with potassium phthalimide (6,46 g, 34.9 mmole), was filteredband
the T.H.F. and unreacted dimethylchlorosilane were pumped off yielding a whife
solid, Recrystallization from dry benzene yielded a white crystalline solid
idenfified as N-(dimethylsilyl)phthalimide. (4.6 g, 22.4 mmole, 64%, m.p. 63~
65°C).

Anal. calcd. for CmH11
Molecular weight caled: 205, Found: 199

NO,581 : C, 58.51; H, 5.40. Found: C, 58.71; H, 5.03.
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The infrared spectrum (nujol mull) is shown in figure 2(1). The infrared
spectyum (1072M solutien) gave the value for the most intense carbonyl

absorption peak as 1706 ca"l. The infrared spectrum (10~ 1M solution) gave

-1 and

the value for the most intense carbonyl absorption peak as 17I¢ cm
gave the value for Y(Si-H) as 2188‘ em”1 (fig 5(e) ).

A doublet centred at  0.50 p.p.m. (J = 3.4 Yo cps.). A septet centred
“at 6.58 pop.m. (J = 3.4 T 0.1cps), and 2 multiplet centred at 7.72 pPep.m.
were found for the proton n.m.r. spectrum. The relative peak aréas were

7.8:1,0:5.4 an§ they were assigned to the ZS1(CH3),, zSi-H and -SiNCOC.H,CO

groups respectively,

REACTION OF ALLYLDIMETHYLCHLOROSILANE WITH POTASSIUM PHTHALIMIDE

Using the ahove procedure, allyldimethylchlorosilane (4.56 g, 34.2 mmole)
was reacted with potassium phthalimide (6.34 g, 34.2 mmole), was filtered, and
the T.H.F. and unreacted allyldimethylchlorosilane.were pumped off yielding
a white solid. Recrystallization from dry benzene yielded a white crystalline
solid identified as N-{allyldimethylsilyl)phthalimide. (4.5 g, 18.4 mmole,
55%, m.p. 2T=29°C). - |

‘Anal. caled. for Cy4HysNO,ST : C, 63.65; H, 6.16. Found: C, 63.86;

H, 6.20, |

The infrared spectrum (nujol mull) is shown in figure 2(m). The infrared
spectrum (10™2M solution) gave the value for the most intense carbonyl
absorption peak as 1694 em~1,

A multiplet ceﬂtred at  1.97 p.p.m., a multiplet centred at .7.86 p.p.n.,

a multiplet centred at 5.77 p.p.m., a multiplet centred at &.86 p.p.m. and

a singlet at 0,46 p.p.m. were found for the proton n.m.r. spectrum. The
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relative peak areas were 2.2:4,6:1,0:2.0:6.4 and they were assigned to the

CHy = CH-CHg-Siz, ISINGOCGHCO, CH, = GH - CH, - SiF, CHy = CH - CH, - SiZ,

and =51(CH,), groups respectively.

REACTION OF PHENYLMETHYLCHLOROSILANE WITH POTASSIUM PHTHALIMIDE

Usihg the above procedure, phenylmethylchlorosilane (5.00 gs 32.0 mmoles)

was reacted with potassium phthalimide (6.09 g, 32.8 mmole) was filtered,and
the T.H.F. and unreaqted phenylmethylchlorosilane were pumped off to yield

a white solid, Recrystallization from dry benzene yielded a white crystalline
solid identified as N-(phenylmethylsilyl)phthalimide (5.52 g, 19.6 mmole, 64%,
m.p. 226-229°C),

Anal, caled. for C15H13N0231 :+ C, 67.39; H;k4.90. Found: C, 67,65;
H, 4.67.

The infrared spectrum (nujol mull) is shown in figure 2(n). The infrared
‘spectrum (10™2M solution) gave the value for the most intense carbonyl

1 The infrared spectrum (10”14 solution) gave

absorption peak as 1707 cm”
the value for the most intense carbonyl absorption peak as 1706 cm~! and
gave the value for the Si-H stretching band as 2194 cm”l, (fig 3(d) ).

A multiplet centred at 7,68 p.p.m., a quartet centred at 5.39 p.p.m.

(J=3.67% 0.1 cps.), a multiplet'centred at 7.31 p.p.m. and a doublet centred

+
at 9,82 p.p.m. (J = 3.6 -~ 0.1 cps) were found for the proton n.m.r. spectrum,
The relative peak areas were 1.0:2.9:9,3: and were assigned to the =Si-H,
=81 CH3 groups and the nine protons of the ESiC6H5 and SiNCOC6HQCO groups.
|
The multiplet centred at 7,31 pP.p.m. was assigned to the Si -Cglis group and

the multiplet at 7.68 p.p.m. was assigned to the SiNCOCgH,CO groups.,
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REACTION OF PHENYLDIMETHYLCHLOROSILANE WITH POTASSIUM PHTHALIMIDE E

Using the above §rocedure, phenyldimethylchlorosilane (5.72 g, 33.6

mmole) was reacted with potassium phthalimide (5.72 g, 30.9 mmole) was

‘filtered, and the T.H.F. and unreacted phenyldimethylchlorosilane were pumped
off to yield a white solid, Recrystallization from dry benzene yielded a

white crystalline solid identified as N-(phenyldimethylsilyl)phthalimide.

(3.41 g, 12,1 mmole, 46%, m.p. 87-899C),

| Anal. calcd. for CpeHysNO,Si C, 68.30; H, 5.37. Found: C, 68.47; H, 5.59.

The infrared spectrum (nujol mull) is shown in figure 2(o). The infrared

spectrum (10-2M solution) gave the value for the most intense carbonyl
. absorption peak as 1695 cm1, )

A multiplet centred’at 7.74 p.p.m., a mﬁltiplet centred at 7.37 p.p.m.
and a singlei at 0.87 p.p.m. were found for ‘the proton n.m.r. spectrﬁm. The
relative peak areas were 8. 8: 6.0 and they were aSSLgned to all the phenyl
protons (9 in all) and the 'Si(CH3)2 group respectlvely. The multiplet
centred at 7.37 p.p.m. was assigned to the ZSiCgHs group and the multiplet

centred at 7,74 p.p.m. was assigned to the phenyl protons of phthalimide.

The mass spectrum (table 1(g) ) was obtained at a sample temperature of

23 T 50,

TABLE 1(g). The ten most abundant peaks for the mass spectrum
‘ of N= (phenyldlmethylsi1y1)succ1n1mide.

m/e % Relative Abundance
268 32.5
267 100.0
266 . - 100 *
222 90.8
204 72.1
203 32.6
195 24.4
130 100.0
102 _ ‘ 98.8
76 , 22.1

*0ff scale
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The molecular ion (m/e = 281) had an abundance of 10%. Three

-

metastable peaks were observed at m/e=185.7,251.9 and 80.1.

REACTION OF DIPHENYLMETHYLCHLOROSILANE WITH POTASSIUM PHTHALIMIDE

Using the above procedure diphenylmethylchlorosilane (8.1 g, 34.9 mmole)
was reacted with potassium phthalimide (6.6 g, 35.6 mmole), was filtered,and
- the T.H.F. and unreacted diphenylmethylchlorosilane were pumped off to yield

a white solid. Recrystallization from dry benzené yielded a white crystalline

solid identified as N-(diphenylmethyleilyl)phthalimide. (5.4 g, 15.1 mmole,
| 46%, m.p. 109-111°C).

Anal. caled. for C,,H 7N0

21H17N0,S1 ¢ C, 72.48; H, 5.17. Found: C, 72.70;

2
H, 4.79.

The inffared spectrum (nujol muil) is shown in figure 2{p). The infrared
spectrum (10-2M saultion) gave the value for the most intense carbonyl
absorption peak as 1713 eml, |

A singlet at 1.25 p.p.m., a multiplet centred at 7.52 p.p.m. and a

multiplet centred at 7,85 p.p.m. were found for the proton n.m.r. spectrum.

The relative peak areas were 3,0:13.8 and they were assigned to the ESiCH3

group and the phenyl protons of the molecule (14 in all), The.multiplet at
+7.85 p.p.m. was assigned to the phenyl protons of phthalimide and the nmultiplet
at 7.52 p,p.m. was assigned to the :Si(C6H5)2 group.

The mass spectrum (table 1(h) ) was obtained at a sample temperature

of 25 T 5%,
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TABLE 1(¢h) The ten most abundant peaks of the mass
spectrum of N-(diphenylmethylsilyl)phthalimide.

n/e % Relative Abundance
329 ‘ 28.6
328 100.0
266 . 39.3
222 : 8.9
148 10.7
130 52.6
105 ' 14.3
104 8.9
102 32.2
76 . 12.5

- Three metastable-pgaks were obqerved”at"m/e;80.1,245.9~and 185m1. The

molecular ionvat m/e=343 had an abundance of 7.1%.

4
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PART III

‘HEXAMETHYLDISILAZANE AND THE IMIDES

" REACTION OF HEXAMETHYLDISYLAZANE WITH SUCCINIMIDE

Succinimide (2.54 g, 25.4 mmole) was added to 100 mls of dry T.H.F. in
a 150 mls round-bottom, two~necked flask fitted with a reflux condensor.
Hexamethyldisilazane (3.84 g, 23.4 mmole) was added. The reaction was
refluxed and stirred at moderate rates under dry nitrogen for 6 hours. The
T.H.F. and unreacted hexamethyldisilazane ﬁere pumpéd off yielding a solid-
1iquid mixture. Vacuum distillation yielded a colourless clear liquid
identified as N~(triﬁethylsiIyl)succiﬁimide. (1.1 g, 6.4 mmole, 25%, 120°C
at 102 mm), The infrared and prbton n;m.r. spectra of this compoﬁnd were
~ identical to those of the N-(trimethylsilyl)succinimide prepared by the

reaction of potassium succinimide and trimethylchlorosilane.

REACTION OF HEXAMETHYIDISIIAZANE WITH PHTHALIMIDE

Ugsing the above.pthedurewphihaiimide‘(3;68'3; 25.0-mmole) was reacted
with hexamethyldisilazane'(5:7é'g, 23,0 mmole), the solvent and héxamethy1~
disilazane were pumped off to yield g white solid., Recrystallization from
dry benzene yielded a white crystalline solid identified as N-(trimethylsilyl)
phthalimide. (2.14 g, 9.7 mmole, 38%, m.p. 65-67°C). The 1nffared and proton
n.m.r, spectra of this compound were identical to those of the N-(trimethyl-
silyl)phthalimide prepared from the reaction of potassium phthalimide and

trimethylchlorosilane.
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PART IV

PHYSICAL PROPERTIESE OF THE STARTING MATERIALS

SUCCINIMIDE

The infrared spectrum (nujol mull) is shown in figure 5(q). The infrared
spectrum (10°2M solution) gave the value for the most intense carbonyl
absorption peak as 1717 em” L,

The mass spectrum (table 1(i) ) was xrun at 25 t 590.

TABLE 1(i) The ten most abundant peaks for the mass ,
spectrum of succinimide.

mfe - " % Relative Abundance
100 5.8
99 .  100.0
70 ) 5.8
56 61.6
] 8.1
28 ) T, 74.5
27 10.5
26 ' 8.1
18 30.1
17 : 5.8

PHTHALIMIDE

The infrared spectrum (nujol mull) is shown in figure 5(r). The infrared
spectrum (1072 solution) gave the value for the most intense carbonyl
absorption peak as 1736 em~l,

The mass spectrum (table 1(j) ) was =run at 25 = 5°C.

CHLOROSILANES

In table 2 are listed S-values of the chlorosilanes used as
starting materials. The 6-va1ues are relative to internal chloroform and

‘obtained for 10 mole percent solutions in .deuterated chloroform.
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TABLE 1(3) The ten most abundant peaks for the mass
: spectrum of phthalimide.

n/e % Relative Abundance
148 5.9
147 49.5
105 ' 94.1
104 100.0
103 ' 51.7
76 64.7
75 T 12.9
74 ' : 11.8
50 ' ' 58.9

28 4,7



TABLE 2. 5(ppm) values for R groups of chlorosilanes used as starting materials.

g.('p.pv.m.) R

COMPOUND g CH4CH, CgHg H ~ CH, = CH CH, = CH - CH,
CH, CH CH, CH CH,
(CH3)451C1 0.53 s
(CH3CH,)38iCL | 0.95m _
(CH,4) HS1C1 0.59 d,3=3.1 © 4.90 sep,J=3.1
[}
Yy
CH, = CH-CHp(CH3),SiCt 0.51 s . | 1.87m 5.83m 5.19m
(CHa)ysicl, 2.89 s |

CH013 wags used as the internal standard. susinglet,dsdenblet,myw;ltiplet,qnquartet and sepuseptet,
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FIGURE 2 (cont'd)
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FIGURE 4

N.M.R. Svectra of N-(triethylsilyl)succinimide
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FIGURE 5
N.M.R. Svectra of N-(ttiethylsilyl)nhthalimide
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RESULTS AND DISCUSSION

PART I

INFRARED SPECTRA

STRUCTURE CONFIRMATION BY INFRARED SPECTRA

Normally, an iﬁfrared spectrum can be separated into‘the fingerprint
region and a higher frequency region. For organic compounds only the higher
frequency region is particularly useful for structufe determination. However, .
for silicon containing compounds the fingerprint region is also quite useful
for this purpose because absérption bénds due to bonds between silicon and
carbon atoms are about five times more intense than the intensity of the
analogous organic bond absorption bands 82 - Therefore, for many Si-R linkages
(R = cH3 , CeHg CQHS" etc.,) charaqteristic absorption bgnds have been
~ identified in the fingerprint region. Moreover, in some cases these bénds vary
| in such a way tﬁat Si-R, SiR, and SiRg (R = CHy, H, and C6H5) groups may be
aistinguished from one another.

In general the silicon—cérhon stretching vibrations occur between 900
ana 690 cm~1 82-66 . For the -Si(CH3)3 group two characteristic absorption
bands have been found for the stretching of the Si-C linkage. They‘OOOEI

- 82«85
near 756 cm 1 1 >

and  near 844 cm” . These absorption bands are found
to vary little with the fourth substituent on silicon 82 . For N-(trimethyl-
silyl)phthalimide two bands were found, one at 857 cm-l(s) and one at 756 cm~l
(ms). Phthalimide showed no absorption bands for either area. .

For N-(trimethylsilyi)succinimide two bands were found, one at 850 cm~l(s) and

one at 764 cm'l(m). Succinimide, however, shows two absorption bands at 840

and 822 cm"Mms). Succinimide shows no absorption bands near 760 gm—l.




-56-

Therefore, the infrared spectra of these two compounds confirms the presence
of the trimethylsilyl group.
For the Si-~C stretch in the :Si(CHg)2 group one absorption band is observed

near 800 em~l 82-84,86,87

and another is observed near 700 cm™ ! '36 . The
pﬁsition of these bands, however, can shift by a large amount depending on the
nafure of the two other substituents on silicon 87 + Also the band near
700 em™! is not particularly useful for structure determination because allyl,
phenyl and ethyl substituents absorb in this region 84 . For N-(dimethylsilyl)
succinimide a band at 780 cm'l(m) and a band at 661 cm'l(mw) were found. For
N-(N'-succinimidodimethylsilyl)succinimide a band at 810 em™1(mw, sh) and a |
band at 700vcm’1(mw,sh) were found. Succinimide shows no absorption bands in
the 780 cm~! region and the band that appears at 632 em™l is acccunted‘for in
N«(dimethylsilyl)succinimide by & peak at 643 em~L(m), | For
N-(dimethylsilyl)phthalimide a band at 775 ém’l(m) and three bands;:673 ﬁm"l
(mw), 660 em™L(w) and 650 em™1(w) were found. Phthalimide has only two very
weak bands near 800 cm™! but it.has two bands at 668 cm™l(m) and 643 em™l(m).
| Because of the complexity of these molecules these assignments

may be due to other modes of vibration. However, their presence does not
contradict the structures proposed. Other molecules prepared have the :Si(CH3)2
group but due to the presence of other substituents which would interfere no
assignments are made to the frequencies that appear in the expected regions.

For the Si-C stretch of the group sSiCH, only one absorption band is
observed near 800 cm~l 53,84,86 . Ebsworth et al., 87 found for compounds
of the type (CH3 - si Hy) X that this band appeared near 750 em™l,  This
absorption band is sensitive to the other substituents on silicon and therefore

can be expected to vary alot. Therefore, it is of little use in structure

identification unless the compounds are very simple. All the mono methyl




derivatives prepared in this work exhibited a band in the 800 em™! region.,

For all of these various methyl substituted compounds there appear a
number of other absorption bands due to the CH, group on silicon. 1In general,
they are the Si-CH3 deformation or rocking vibration near 1260 cm'l, the C-H
bending vibrations near 1412 em~l and the C-H stretching vibrations near
2959 em”1 8,84 . The intensity of the C-H stretching vibration is normally
three to four times that found in analogous hydrocarbon compounds 92 + The
deformation or rocking vibrations of the groups =Si(CH3)2 and 251(CH,) remain
almost constant at 1259 cm~1 .regardless of the other substituents on silicqn

'87'. The Si-C stretching vibration of a Si-phenyl linkage absorbs near 1427

cm"'1 and therefore confusion can arise in this assignment if the molecule
contains both a methyl and a phenyl group linked t§ the same silicon atom 85 ,
The C~H bending vibrations are fairly constant in'solutioﬁ 86 ., The deformation
or rocking vibration of the -Si(CH3)5 group is somewhat lower being found near
1250 em”l 4 .

For the phthalimide derivatives the bonds assigned to the C-H bending
vibrations all occur in the region 1415-1399 cm"k. v None of thé
C-H stretching bands are noted since all of these compounds except N-(triethyl-
silyl)phthalimide were run as nujol mulls, The Si-CH3 rocking or deformation
vibrations were found in the region 1247-1254 cm-la For these
»compounds the Si(CH3)2 and SiCH, groups are indistinguishable from the Si(CH3)3
group on the basis of this vibration.

For the succinimide derivatives the region near 1412 cm~l has a number of

peaks present, however succinimide itself exhibits a number of absorption bgnds

in this regien, Therefore, no assignments can be made.




For the C-H stretching vibrations the spectra run as liquid films give

two bands, one near 2950 em”l and one near 2916 em™l, Succinimide absorbs
in the region 2946-2855 cm'l; therefore the higher bend is due to the C-H
stretch of the‘methyl groups on silicon only. The disuccinimides show broad
abgorptions gnly around 2950 cm™l, The 5i-CHy rocking or deformation modes
of vibration were found in the region 1241-1266 em™! with most near 1250 em~l,
Again the Si(CH3)3 group cannet be distinguished from the 81(CH3), or SiCHg
groups oﬁ the basis of this absorption band. The bands of all the dimethyl
derivatives except N-(dimethylsilyl)succinimide attributed to this mode of
vibration were split into doublets.

In general it can be notedérom the above that the most certain indication
of a Si(CH3)n (n = 1,é,3) group is the presence of an absorption band near
1250 cm"l. Although the Si(CH3)3 group can not in the case of these compounds
be distinguished from the SiCHj or S;(CHB)é groups on the basis of the
absorption band near 1250 cm“l, it can bé distinquished by the presence of
the two strong bands near 850 cm'l and 750 cﬁ'l.

In general the §1-C,Hg group exhibits the following characteristic

absorption bands, an asymmetric CHg bending band at 1462 cm'1

s, @ CH2 stretching
band at 1412 cmﬂl, a symmetric CH, bending band at 1377 cm'l, a Si-CH2
deformation band at 1238 cm™! and a C - C stretching band at 1012 el A

further band which is not well defined found near 746 cm'lvmay possibly be

assigned to the CHq rocking band 83,85,88,89 . For N-(triethylsilyl)succinimide,

the following absorption band were found, 1457 cm™l(mw), 1404 cm'l(mw), 1380
em™Lmw), 1241 e (m) and 1002 em™(m). Also the C-H stretching bands are
very intense (fig 2(b) ).

For N-(triethylsilyl)phthalimide, the following bands were found, 1455
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gm-l(mw), 1400 cm'l(w), 1350 cm'l(mw), 1239 cmfl(w) and 1006 ém"l(mw).
Agéin, the C-H stretching bands are very intense (fig 2(k) ). For these
compounds two features appear to be distinctive of the presence of a triethyl-
8ilyl group. These are the intensityrbf the C-H stretching bands and a value
for the Si-CH2 deformation band which is lower than the methyl substituted
_silyl groups. In studie588’89 concerning the usefulness of distinguishing
between methyl, ethyl and higher chain aliphatic substituents by use of the
Si-CH2 deformation band, it has been found that care must be used since spéctra
conditions can shift this value. |

. In general the most distinctive Si-phenyl absorption bands appear at
1429 em™! and 1126 en~l. The 1126 cm~! band is sometimes split into a
doublet when two pﬂenyl groups are attaéhed to ﬁhe same silicon at6m193’84 .
ﬁarvey gE_él;, 8s. lists the following absorption Eands as due to the Si;phenyl.
group in alkylphenylsilanes; 1595'cm-1fw),v1486 cm-l(m), 1431 cm~1(s), 1186
cm-l(m), 1116 cm'l(vs), 1025 cmtl(m):and 980 cm-l(w). Two more bands are
fbund by Young et al., 85 as also being characteristic. They are a band near

737 cm-1 and a band near 699 cm-l. Richards and Thompson 86 sité the region

near 750 cm"1 as due to the intense bending vibrations of the GC-H bonds of the
phenyl substituent. The two bands usually found near 1420 em™! and 1585 crn-1
probably correspond to the pair ofpands near 1500 and 1600 cm-l which normally
occur with aromatic hydrocarbons and simple substituted benzenes 84.

For all the phenyl substituted compounds except N-(phenylmethylsilyl)
phthalimide there appear two bands near 1595 cm™t and 1487 cm”!.
The band near 1487 gm-l is not found for N-(phenylmethylsilyl)phthalimide., It
is probably masked by the nujol absorption band in this region. All the phenyl

substituted compounds exhibit a sharp strong band in the region 1430



50 -

em™l, This band appéars to 5e the most distipctive of the Si-phenyl group
for these compounds. The band near 1186 ém'l in these derivgtives can be due
to the phthalimido and succinimido groups. Only the phenyl derivatives of
succinimide show -a band near 1126 cm'l. Only the phenyl dérivatives of
phthalimide show a band near 1116 ém'l. A number of bands appear in the 1025
cm-‘1 and 980 cmm1 region for all the derivatives, therefore, no assignments
can be made. This region does not appear to be very useful for identifying;
‘phenyl derivatives. The situatién appears to be the same for the 740 cm"1
- and 699 cm! regions. | ‘ :

- For the Si-vinyl group the following absorption bands were found by
Shull et al.;87' for vinyltrichlorosilane; a CH2 asymmetrical stretching band

1

near 3081 cm™ ~, a C-H stretching band near 3002 cm'l, a symmetrical CH,

stretching hand near 2970 cm'l, a ¢ = C stretching band near 1605 cm‘l, a CH2

1 1

deformation band near 1407 em ~, a CH bending band near 977 cm™*, and a C =

1, The absorption bands for which no other

CH, twisting band near 611 cm”
assignments were possible in N-(N'-succinimidovinylmethylsilyl)succinimide
were 3066 cm-l(w), 1585 cm-l(w) and 993 cm-l(m).

From the spectra of (CH, = CHCHZ)A-n SiXn (n = 0,1,2,3) the following

bands appear quite clearly associated with the ailyl group; they are five
bands between 2900 and 3100 cm-1 and ten bands near 1645, 1244, 1163, 1042,
985, 930, 890, 806, 790, ana 775 cm'1 88'. For the mono allyl derivative the

bands at 1244 and 1163 cm™! bécome one band near 1220 cm'l, the bands at 930 cm-1

shift towards the band at 890 cm'1 becoming a shoulder, the band at 806 em”!
becomes very small and the bands near 790 c:m_1 and 775 cm"1 shift to 770 and

- 8
757 cm~1 respectively. Thompson and Torkington 2 have assigned various modes

of vibration to some of these bands. For N-(allyldimethylsilyl)succinimide
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twovbanﬁs can be found to be specifically associated with the allyl group.
They are one band at 3086 cm"l(vw) and one af 1626 cm-l(w). Only one band
at 1628 cm-l(mw) can be found for N-(allyldimethylsilyl)phthalimide which
is associated with allyl group.‘ Corresponding bands can be found in the rest
of spectra but due to the number of absorptions any assigmments would be
ambiguous. |

Silicon hydrogen stretching absorption bands are quite dis;inctive since

-1 36'90 . N-(phenyl-

théyvare intense. They appear between-ZIOO and 2200 cm
methylsilyl)- and N-(dimethylsilyl)succinimide show Si-H stretéhing bands at
2203 cm-l(m) and 2190 cn”1(m) respectively. N-(phenylmethylsilyl)~ and
Nf(dimethylsilyl)phthalimide show Si~H stretching bands at 2197 cm-l(m) and
2205 e L(m) respecfively. |

Silicon nitrogen absorption bands vary over a wide range., In general,
from the reports surveyed it is concludgd that couplingiand nixing betwéen
various modes of vibration can cause wide vafiatibn in the position and the

intensity of the Si-N stretching frequency. 1In compounds where two nitrogen

atoms are joined to a single silicon atom in a compound two bands appear near

: a - ) ‘ :
837-860 cm  and 786-782 cm™! which are attributed tolasym (N-Si-N) and
Vsym(N-Si-N) respectively 91 . For compounds of the type R3S51NH, (R =

CoHs, n-CgHy, n-C Hg, 1-C.H,, CcHyyq, H), 1V (Si-N) varied between 824 and

857 em™l 91-93 | For compounds of the type R3SiNR'R2,*L/(SiN) probably

1

lies around 700 cm™* and is often shifted by mixing 93 . The value of

"V(SiN) for the compound (CH3)381NHC6H5 was 899 em™l 23 . For the
compounds prepared in this work no assignments of bands were made for the
Si-N stretching vibration because of the obvious confusion that exists.

A1l the compounds prepared in this work exhibited two absorption bands
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in the carbonyl‘group frequency region. These two bands are due to the
vibrationally coupled symmetric (I) and antisymmetric (TI) modes of vibration

94-96 . of the two carbonyl groups.

—— C/
I II

In succinimide they havé the values 1773 en~1(s) and 1695 cm‘l(s br)
respectively. In phthalimide they have the values 1771 cm” (s) and 1750
em” (s,br) respectlvely. The intensity of these two absorption bands varies
depending on the structure of the molecule., If the two carbonyls are in the
same plane but have their dipoles aligned opposite to one another there will
be no peak due to the symmetric mode of vibration even if there is intense
vibrational coupling between the=two: Similarily, the vibrational ceupling
and hepce the splitting of these two peaks depends on the structure of the
molecule. Of the factors affecting the coupling, the most inportant is the
angle between the carbonyl groups. If the carbonyl groups are coplgnar
interaction will be at a maximum, If the carbonyl groups are at right angles
to one another interaction will be at a minimum, Similar to the anhydrides,
the higher less intense bond is assigned to the symmetric mode of vibration
and the unsymmetric mode of vibration is assigned to the lower frequency more
intense absorption bdnd 94'F

For the succinimide derivatives prepared the two modes of vibration were
split byv66 p 6 cm-l. For the phthalimide derivatives prepared the two modes
of vibration were split by 50 b 7 cm-l. As is shown in flvure 2(1,p) two of the

phthallmlde derivatives show more than two bands in the region 1700-1770 cm 1.
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The clearer example is N—(dipﬁenylmethylsilyl)succinimi&e,(fig.2(p)). The
multiple absorpt%on bands in this rezion for.these compounds could be due
to molecular association in these mulls.

Three conclusions can be drawn from these results: (1) The carbonyls
are at a small angle to one another since the splitting is very large.(2)
‘The carbonyl dipoles are not aligned opposite to one another because both
bands appeaf,but the dpgle can not be large since %he intensity of the

P

antisymmetric band is greater than the intensity of the symmetric band.

(3) The -appearance of the two bands in these spectra is conclusive evidence

that O-silylation has not taken place. Abs ence of the N-H stretching band
in these spectra alone is not sufficient proof against O-silylation since

N—- and O-silylatioen could have hoth occurred.
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PART I1

CORRELATIONS OF /(C=0) AND }/{Si-H) WITH Tim WIEOTRONTC NATURE OF THE S X. BOND

From table 3 it can be seen that }/asym{C=0) of the silylsuccinimides

and phthalimides are lower than Vasym(C=0) of succinimide and phthalimide.

TABLE 3. asym(C=0) of RNCO(CH,),CO and RNCOC.H,CO
Vasym ) 2725 64y

R L asym(C=0)RYCO(CH, )zgo(cm',l) L asyn (C=0)RCOC §H:§O(cm-1)

H 1717 1736
Me4Si 1689 ‘ ~ 1700
Et3Si 1685 1707
AlMesSi 1696 1694
¢MeHSi 1670 1700 .

MeSi 1696 1703
f¥e,si 1695 ‘ 1695
Me,fiSi 1717 : 1706

8 :
Many fzetors could affect 2/asrm(u—0) of these molecules 3,97 .
They are:

a). electronegativity of adjacent atoms or groups (inductive effect).
b). resonance.

c). fields.

d). vibrational coupling.

e). changes in the force constants of adjacent bonds.

f). phase changes or association.

g). hydrogen bonding.

h). solvent effects.

i). mass and angle effects.

Effects (e), (h), and (i) can be neglected. The solvent and concentration

were the same for each compound. A change of mass of an atom adjacent to the

carbon of a carbonyl group will affect 1V€C=0) but even this effect will become
negligible when the mass of the atom is greater than 12 I8 . It is known
that as the XCX angle of XCOX changes there will be a corresponding shift in
V(c=0) 99 . However, the ring size of the molecules prepared has not been

altered. Therefore, their geometry will remain the same and no change in)/(C=0)
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of this compounds should occur. The change in the force constant of adjacent
molecules is connected to the change #fi the angle XCX and as such will not be
expected to affect )/ (C=0) 100 .

As has already beem outlined vibrational coupling of the two equivalent
éarbonyls has led to splitting of the single expected absorption band. Also
it has been noted that the position of these two bands will be sensitive to the
geometry of the molecule, For the series of compounds»prepared no structural
changes in the ring containing the carbonyls is expectéd and thereforé no shift
in /(C=0) will be expected from‘coﬁpound to compound due td this effect. Other
vibrational couplings could occur between the carbonyls and adjacent bonds if
they have'similaf vibrational frequencies. However, there are no adjécent
bonds which absorb in the same region a§ the carbonyls.

The effects of association can not be predicted very well, however, they
normally do not lead to large shifts except in the case of strong hydrogen
bonding 101 . There is no indication in the case of the succinimide derivatives
that association takes place. For the phthalimides, however, association
probably occurs for cencentrated-solutions as in nujol mulls or in the pure
phase. Evidence for association in the‘mulls is exhibited by the infrared
spectra of N-(diphenylmethylsilyl)phthalimide which exhibits more than tweo
absorption bands in the carbonyl absorption region. Evidence for association
in the pure phase is founa in the physical properties of the phthalimide
derivatives. N-(trimethylsilyl)phthalimide is a solid with a melting point of
65-67°C whereas N-(triethylsilyl)phthalimide is a liquid. Further, N-(ailyl-
dimethylsi1y1)phtha[imide has a melting point of 27-29°C whereas the two
phthalimido compounds containing a Si-H group have very much higher melting

points when compared with the rest of the compounds. Therefore, it appears

that in the pure phase where the SiR3 groups are very small association occurs




whereas Tor SiR3 groups which are large,association takes place %o a much
smaller extent. However,this association must be very weak hecause mole—-
cular weight deteriinations of N-(trimethylsilyl)- and N-(dimethylsilyl)-
phthalimide (Rast method) showed no indication of association. Therefore,
it seems reasonable that for very dilute solutions no association occurs
for these derivatives, This conclusion is further supported by the fact that
cryoscpic measurements on various diacylamines have showed that when no
. . . . ; 102
imide hydrogen is present molecular association 1s completely suppressed. .
wis . 101 . . v
Finally, Abramovitch concludes that for infrared measurements of a num-
ber of organic imides the use of chloroform as a solvent rules out the
: e L . . o103 . -
possibility of association and Boriseviich et ali, finds that for
varios N-methylated phthalimides no association OCCUTSB .
Hydrogen bonding which is a special case of molecular association
" . 104 . . . . s
can also affeot;/(C:O) « Hydrogen bonding in Si-H bond containing com=
P . . . 109
pounds has not been found and if it exists the effects will be small- o
. . . . . 95,103
Hydrogen bonding does exist in the unsubstituted imides. . However,
when phthalimide issmethylatedd’asym(C=0) and J/sym(C=0) are found to change
so little that Boresivitch et al., concluded that the formation of a hydro-—
gen bond has almost no effect, In a comparison between N-methylsuccinimide
e . A ; N\ -1
and succinimide in a KBr pellet it is found that&/asym(C=0) is 3 cm
. -1 104 - . S
and sym(C:O) is 5 cm « Therefore,it appears that for succinimide
and nhthalimide the affent of hydrogen banding isg neglisihle,
1t can now be stated that in a comparison of thel/(C:O)'s of these
compounds that the main effects will only be the chemical effects or effects
(a),(v) and (c).

The inductive effect is considered to be independent of geometry and

to operate along the bonds. The vibrational frequency of a‘group is alt ered by
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displacements in the electron clo;d of that bogd; 'Tﬁésé displacements occur

due to changes in the electronegatiyity of groups adjacent to the vibrating
group of interest., In the case of a carbonyl isolated from all effects there

is a charge seéaration with oxygen cé;;§inémg partial negative charge. When

an electron withdrawing group is placed adjacent to the carbonyl then the
vnegative charge on the oxygen is displaced towards its geometric centre increas-
ing the bond strength and therefore raising I(C=0). When an electron releasing
group is‘adjacent to the carbonyl the bond polarity is-inéreased and /(C=0)
decreases 107 , | ,

In respect to H a MesSi group is electron releasiﬁg 34,108 « On the
'Goidj scale of electronegativities the E;3Si and ¢3Si group§ will only be
slightly more electronegative than‘Me3Si 105 o Therefore, it is exﬁected that
all the SiR4 groups encountered in the compounds prepared will be electron
- releasing with respect to hydrogen. As explained above electron releasing

~ groups adjacent to a carbonyl will cause a decrease inZ/(O¥O). The lowering

of pasym(C=0) for the silyl imides with respect to-succiﬁimide and phthalimide

correlates well with the expected results of the inductive‘effect. 3
Further support for the lowering of Jasym(C=0) when electron releasing

groups are attached to the nitrogen of the imides is found for the case of

potassium phthalimide. }/asym(¢=0) for this salt in a nujol mull is 1685 c:m"1
35

The resonance effect involves the TFelectron clouds of multiple bonds,

)
~In the general case resonance stabilization with the resultant delocalization
of electrons at the expense of the multiple bonds will weaken the multiple
bonds and therefore the vibrating frequency of the multiple bond will decreaée.

The resonance effect is also very semsitive to the structure of the molecule

because the atomic orbitals used_for the molecular orbital must be orientated




to give maximum overlap. If the structure of the molecule prevents strong

overlap of the atomic orbitals then the resonance stabilization will be

negligible.

For open chain anhydrides 9% and imides 22 resonance structures have ' S

been proposed to explain the planarity of these molecules ege.,

0 %
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Based on a large amount of work, resonance interaction has been proposed
between silicon and nitrogen bonds. These interactions called dR’- pr inter-
actions involve one of the 3d orbitals of silicon and a p orbital of the

nitrogen,

[«]
and can be represented simply by 71

Se e

si—N sy ese N
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Combining the above resonance structures for the silylsuccinimides

derivatives, the following can be written,

C
0 : 0
H, G =0 R — H,G— ¢,
2 2 :
. \ o 2 Nbe e
—SiRy > /N—-—- SiR, &—3> /N LeSIR,

H,C——C B H, C—roC H,Ce—g

2 \0 2 \o 2 \0

I II I11

‘When the SiR3 group is replaced by hydrogen only resonance structures

- IV and V can be written,

H C-—-——-C%O ’ HC ‘ C/Oe ,
2 \\ 2 [
T Ne—a [ S
H;é———— /, . <--___->'H g ‘ C//
2 C\O - 2 ) \0

v : v

Resonance structures II and III will compete with one another for the
'chargé density around nitrogen, Theréfore, the cﬁarge.density around nitrogen
will be less delocalized for silylsuccinimides than for succinimide where the
charge density around nitrogen is delocalized only towards the oxygen of the
carbonyl.

Siﬁce}/asym(c=0) will decrease as the bond polarity of the carbonyl
increases l/asym(C=0)‘of succinimide will be lower than Vasym(C=0) for the
silylsuccinimides if resonance structure III contribﬁtes to the delocalization
of charge in the silyl imides. However, experiment has shown that Vasym(C=0)

of succinimide is higher than }Jasym(C=0) of the silylimides.
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Two conclusions can now be drawn concerning the inductive and resonance
effects in the succinimides. (1) Either no d1T- Py interaction occurs and

_effect

Alasym(C=0) is entirely due to the +'ISiR3 effect or (2) The + ISiR3

is very much larger than the dTr- pﬂ,interaction effect,
For the phthalimide derivatives the situation is similar. However, the
presence of the phenyl ring allows a delocalized orbital to be constructed

over the whole phthalimide molecule.

The consequence of this is that ;hen R is SiR3 and if it forms a dﬁ'" gT
bond it will be in competition with a larger delocalized molecular orbital than
in the case of the sucéinimide derivatives. Secondly, the + ISiR effect of
silicon will be diéplaced over a much larger system of orbitals. 3As a result
both effects will be attenuated.

In figure 6 it can be seen that individual‘changes in the SiR3 group on
succinimide result in largerchanges in l/ééym(C=0) than for the game changes
in the SiR3 group on phthalimide. This would be in accordance with the suggestion

that the larger delocalized system of the phthalimides would attenuate the

+ ISiR3 effect and the d.ﬂ.- pﬁT interaction effect.

The following conclusions can be drawn concerning the phthalimide
derivatives (1) Either no dﬂ'- P interaction occurs and Vasym(C=0) is
entirely due to the + ISiR3 effect or (2) the + ISiR3 effect is very much larger
than the dTT - pTTinteractions, and (3) due to the attenuating effect of the

delocalized system of phthalimide individual changes in SiR3 cause small changes
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in l)asym(G=O).

For p-substituted benzalytriphenylsilanes good 1inear plots have been
constructed for V(C=0) versus Hammett § values. However, for thesé compounds
- such plots can not be constructed. This could indicate that other effects
are causing anomilies. One of these could be field effects or through space
effects which would show no grdered effect. More likely, however, the above
mentioned effects ruled as negligible can still cause small but incoherent
beffects.

The values of the l/(Si-H)'s for the Si-H coﬁtaining derivatives all lie
in the region of chlorinated silanes 102,110 . l/(Si-ﬁ)'s can be considered
'mainly as a measure of the electronegativity of groups attached to ellicon
111,102 « Therefore, the values of the J/(Si-H)'s indicates that the succinimido-

and phthallnldo groups on silicon are strongly electrcn withdrawing. This

conc1u51on supports the + ISiR3 effect suggested for those compounds.
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__ o IfIGURE 6
PLOT of Vasym(C=0) - (em ™) of the RR'R"S
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'STRUCTURE CRARACTERTZATION BY, PROTON N.M.R.

¥or all the compounds prepared there were no inconsistencies found
between the structure proposed on the basis of the proton n.m.r. spec—
tra and the structufe of the compound expected from the reactions. Sub-
stituting the succinimido or phthalimido groups for the chlorine atom
of the chlorosilanes did not alter the spectra of the unchanged SiR3

groups except for small chemical shift differences.

The chemical shift- of the singlet assigned to the two methylenes

of the succinimido group showed almost no variation from compound to com-—
pound. Except for two low values (2.55 and 2.58 P.D.m. ); the singlet was
found to appear in the range 2.62 to 2,68 p.p.m. This is to bes expected

on the basis of electronic considerations because the hydrogens of the

methylenes are four hends away fiom the 31R3 group and therefore should experience
little if any of the +ISiR’ effesct. Also,since the methylens proups are
3

not expected to enter into any resonance interactions that may occur in
these molecules,they should be relatively unaffected by any resonance

interactions in these molecules.

Crganic phthalimides like N-2,3-Xylylphtha :imide,N-m~tolylphthalimide

and bromoethylphthalimide show two multiplets near 7.82 and 8.02 p.p.m.

which can be assigned to the two non-equivalent pairs of phenyl hydro-

112-114,

gens Of the phthalimido group - - For the phthalimido com=

pounds that contained no Si~phenyl groups the phenyl hydrogens appeared

as multiplets centered in the range 7.67 to 7.73 p.p.m. For the phthalimido
compounds which contained the Si-phenyl groups ,the two multiplets of the
Si-phenyl and phthalimido groups could not be assigned on the basis of the

integrated peak ratios because of the overlap of the two multiplets. However,
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there is no reason to expeétba different Behaﬁior for the Si-phenyl

group :containing phthalimide:s, Therefore,thé phthalimido hydrogens were
assigned to thelowfield multiplet and the Si-phenyl hydrogens were assigned
to the highfield multiplet. On this hasis,the multiplets of the phthalimido

~ hydrogens were all centered in the range 7.68 to 7.85 p.p.m. and the mul-
tiplets of the Si-phenyl groups were centred in the~range T.31 to 7.55 DeDeMo
Iﬁoluding the multiplets of the Si«phenylsfor the succinimido and chloro
derivatives gave a range of 7.30 to 7.60 p.p.m.

As shown ir figures 4(@) and 5(a),thevtriethylsilyl groups of N~(trif
'ethyléilyl)succinimide and N—(triéthylsilyl)bhthalimide both appear as
singlets for the proton n.m.r. of - 10 mole percent solutions of these éom~
pounds in deuterated chloroform. They appear as singlets because the electron
release of siliéon into thé hethylene groups of the ethyl group causesthese
hydrogens tg be as shielded as the methyl hydrogens. Similar effects have

been observed in other metal-ethyl compounds 115,116

. For the spectra

of triethylsilyl region of the neat ligquids (fig 4(b),5(b)),the anisotropic

effect of the molecules themselves causes a slight chemical shift difference

between the methyl and methylene groups and therefore the singlet appears

unsymmetrical. For the proton n.m.r. of the 10 mole percent sclutions

in benzene (fig 4(05,5(0)),the chemical shift difference between the methyl

and meéhylene groupé is increased enough by non-zero averaging of the

anisotropy of the benzehe solvent moleoulesll7 that the spectra of the tri-

ethylsilyl groups resembles the spectrum of an A3B2 system where J/v6§ is
118

v 18ed | . . .
near 0.75 «This effect is also apparent for the two pairs of non-equi-

valent phthalimido hydrogens of N-(triethylsilyl)phthalimide, (fig.5(d)).




There the spectrum resembles the ‘hepmretical spectrum of an A2}32 system

where J/VOS is near 0037118‘.(’)
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ELECTRONIC NATURE OF THE Si-N BOND BY PROTON ‘N.M.R.

As was discussed in the introduction d.".--p).r interactions have been

used to explain some n.m.r. resulis. However,it has bee found for some

Si~-N bond containing compounds,that the n.m.r. resulis could be explained

without reference to &r~py, interactions 119,1201121.

For these compounds comparisons can not be made with the analogous

organic compounds as was done by Birkofer because spectra for these compounds

have not been run.

In Table 4 are found the chemical shifi values for the Si-methyl groups

of all the chlorosilanes used as starting materials and of the compounds

prepared.

Table 4: - values of the Si-methyl groups of compounds R

4—xSlClx’

R4_XSi[N§o(CH2)Zco]x and R _XSiENCOC6H4CO]X,(x=l or 2).

4

‘S(p.pcm.) of the methyl groups of R Si~

Ry Si= —NCO(CHZ)QCQ
MeBSi— 0.42
Me, HSi- 0.42
Alkie,Si- : 0.43
dMeHSi- 0.70
¢Me23i— 0.72
Me,Si= 0.72
MeViSi= ‘ 0.95
ﬁZMeSi- 0.98

Assuning that molecular association is not

and assuming that because an internal standard was

have to be made for the bulk diamagnetic shielding one trend can be observed.

~C1

0.53
0.59
0.51
0.88
0.75
0.89
0.95
1.01

fx

—NCOC,H .CO
L7674,

0.80
0.50
0.51
0.82
0.87

1.25

a predominant effect

used corrections do not

That is,the methyl groups are deshieldedin a regular order as the —I effect

of the R groups increases. From the chemical shifts of the methyl protons
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it seems apparent that the -T effects of the succinimido,phthalimido and

chloro groups are about the same in these compeunds There seems to be no

reason on the basis of tlese data 4o invoke dn_—n”_ interactions.
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PART Y

MASS SPROPRA OW THE STIVT,IMTIDES

‘For N-(trimethylsilyl)phthalimide the following scheme can be written

~ which partially explains the mass specirum obtained.

\CH3 ~C0,* m/e=160 (100%)
(125.5)

CH, i\ CH ? S
~Si~CH, _—CH ~- s 3 NSi
l\ 3 _-..._59 {?—Sl ____D_% Cngo-]Sl

- m/e=219 (3%) m/e=204(off scale)

o Scheme 1
* An asterisk indicates a transition supported by an appropriate meta—

stable peak.
() After an asterisk surround the measured value of the metastable peak.
There is a very sitromg reak at-m/e:l}O. This peak is gquite prominant
in the mass spectra of N-alkylphthalimides and is usually preceded by a
. / o e . . 122 . . . \
peak at m/e=148 of similar intensity However,in this specirum the
reak at m/e=148 was quite small. Therefore,an alternate pathway to the peak

at m/e:l}O ig suggested,

Schenme 2

/01,
-Si—CH
\CH3
m/e=219 (3%)
O c=n ' (-‘S+i(0H3)3
-0Si(CH,) N\
A= &8 VI
m/e=130 (92.1%) , 10
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The transition suggésted-is not supported by a metastable peak but
Sii) bonds are very stable and therefore their formation is very favourable.
The peak at m/e=102 found in this spectrum can be obtained hy the

following transition.

C

N %
-CO (80.1)

(=@t ——— m/e=102 (85.5%)
m/e=130(92.1%) ;

Q

2

The loss of 002 from N-alkylphthalimides has been suggested in two reports

123,75

to explain promingnt M-44 peaks in their mass spectra . In anotherreport

fthe‘M‘44 peaks were said .to be dum-to the loss of 002 from thermal isomerizatiom

products. For N~(trimethylsily1)phthalimide the loss of 44 mass units from
the peak at m/a=204 gives rise to a very intense peak and this transition

is supported by the appropriate metastable peak.

o

o - 4 R T . /e
The four peaks in table 1{F) lower i

ian u/e=102 can be accounted for

1
i

in a sitraight forward manner by further fragmentation cf the ion at m/e=102°

The peaks that appear 1 mass unit above the major fragment peaks can

13,8i29,and H2 naturally present in the

be accounted for by the isotopes C
molecule,

No significant beak was Tound to correspond to a trimethylsiliconium
ion in_this mass spectrum.

The fragmentation patte?ns outlined above are further supported by the
fact that N—(diphenylmethylsilyl)phthalimide and N—(phenyldimethylsilyl)—

phthalimide behave in exactly the same way . For N—(phenyldimethylsilyl)—

phthalimide the following fragmentation pattern is found.
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) C
-C6H5 ' +533f/ H3
— Ne

Hy

-~

’m/e=281(10%) m/e=204(72.1%)
*

~oHy (251.9) | 2 =0, (125.5)
Mt .c H, wsi* |
CH 9710
+y=si 3 ' m/e=160(12.9%)
\CH, _ .

- m/e=266(off soaie)

. <5i'_cpz*(185.8)

.+ ) %
€14t o151 =27 (171.1);
P

m/e=222(90.8%)

m/e=195(24 4%)

Scheme 3 _
The peak at m/e=l95 appears to be a fragment of the peak af m/e=222
since there is found in the mass spectrum an aﬁpfépriate metasfable peak.
For N~(diphenylmethylsilyl)phthalimide.thefbllowﬁu;fragmentation pat-

tern is found.,

- ~CH

m/e=328(100% )
' *
? ¢ ~C0, (245.9)

L+
Cl9H14N31
m/e 284(8%)

m/e=266(30.3%)

» si:co?*(185,1)

+ yrast
014}1121\151 .
SCheme 4
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For both of these compounds the fragment.at m/e=130 is an intense peak
and is followed by the fransition to'the fragment at m/e=102 which is also -
an intense peak. This transition in each case is supported by the appro-
priate metastable peak.

The loss of 002 appears to occur for all of these compounds. It seems
to be a major path of fragmentation of the silylphthalimides. Since
tﬁe transition involving the loss of 002 occurs from fragments of lower
mass than the parent ion it seems Teasonable to say that this loss does:
not occur frem thermally iéomerized prodﬁcts.

Whenever the M+~CO? fragﬁent has mmore than one ohenyl rine attéched
to the silicén a ffa@ment of 27 mass units is lost. The clearest examplé
' occurs for tﬁe_fragment m/e=222 of N-~(rhenvldimethylsilyl)phthalimide.

The followin scheme can be written to explain this +ransition .

Scheme 5
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For N-(diphenylmethylsilyl)phthalimide two IVI+—002 fragments exist which
lose a fragment of 27 mass units. However,theée transitions are weak énd

-

only very weak metastable peaks could be found to support these transitions.

No significant peaks were found in either case that corresponded
to either the phenyldimethylsiliéonium ion or the diphenylmethylsiliconium
ion. |

Peaks found below ﬁ/e:lOZ,can-be explained in both cases by the further
fragmeﬁtation of this ion. |

In both cases .the ion at m/e=l30 was found. Its transition to the ion
at h/e:lOZ was also found in both éases as well as the appropriate meta-
stable peak to support this transition.

In gensral the following conclusions can be drawn from these mass 5pEC~
tra. The parent ions appear at very low ihtensityo Unsaturated silicon coﬁu
taining fragments are consistent with some of the ions formed. The loss
of a methyl group from the silicon atom is more favourable than the loss
of a phenyl group for these compounds since the M-15 ion is the base péak
in all of these mass spectra.

The mass spectra of the silylsuccinimides with the exceptions of
N—(diphenylmethylsilyl)— and N—(pheﬁylmethylsilyl)sucoinimide showed peaks
above the parent ion. The mass specirs of N—(allyldimethyléilyl)4 and
N-(phenylmethylsilyl)succinimide could not be solved. Partial fragmentation
patterns are presented for the others.

On the basis” of the elemental analysis,the proton n.m.r. spectra
and the infrared spectra there appears to be no.doubt concerning the structure

' . ' - o . .
of these compounds., However;those comronnds heated to 100 C or higher in
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order to obtain a mass spectrum exhibited sons higher than the expected

parent ion. Therefore it is suggested that thermal reactions occurred leading

to the artifacts found. This effect of heating is supported by the fact

Subliration of N~(dirhenylmethylsilyl)succinimide led to an increase in im-

purities azs compared with the unheated recrystallized product.
The following scheme can be written which partially explains the mass

spectrum of N-(triethylsilyl)succinimide.

. |
‘N~/25 | C.H,
o+ ~b{:02H5 — it ~CoH, o o°
- . C H
g 2"

=

cy4i$\& S
1 oD ] — P x3
m/e=213(<1%) - 25\ 2 C.H. c.m
25 "5
0t
' 'm/e=185(off scale)
.y
T LN o=£:;;j:L=o
| ,—H [ |
C H. — 5i5CH, ~tH ¢ CHSSi-H  m/e=185(off scale)
5 \/?f 2 2°5 .
cop CH :
2Ps >

Scheme 6
All the resarrarnzements used in this scheme have been proposed for
the fragmentation patterns of the N-alkylsuccinimides 14,
For the mass spectrum~of N-(diphenylmethylsilyl)succinimide the

following scheme can be written. -

. . 0 .
———ﬂ O H, . -—eq
70 ~C H /6% * k CoH

o A tysi-cn. O, s | s 60

(N - ] ( N 2 (266.07 | N i

o Oy d 3 675
m/e=218(44.9%) m/e=295(13.8%) M/e=280(100%)

Scheme 7
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For N—(trimethylsilyl)succinimide only cne transition appeered

which could be reasonably assigned. -

'H
CH l A

m/e=171(1%) 4 °”,ci ~CH, =53 m/e=156(43.4%)
6 NTT D Tt . 3
L__f o —> —-ﬁ CHy

0 3
No peaks appeared in these mass spectra which sugzested the presence
of siliconium ions.
Based on this very scanty data geheral Coﬁclusions concerning the

mass specira of the silylsuccinimides are not appropriate.
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