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ABSTRACT

The nlena.r'a.tion of a series of silylsuccinimid.es and síl¡'l-

phthaliroides is described"

The silyl,.:r.reeinirnides a,nrJ phthalirnj.rles r^I{ìre pre}arecl by the reactron

of the potassiurn imide salLt with chlorosilanes. The prepared compounds

v\rere characterized. by elemental analysisrinfra,r'erl spectrar2rol;on n"n.r.

rirectra, a.ncl. masr snectra.

0n the basi.s of infrared- and proton nÈm,1. s¡rect::a,,the electroni"c

neture of the Si-II bcnd of these compotr:rds is diç¡ct-r.ssed.
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Silicon-nlÈrogen cornpounds are no¡r very coffnon. A few had been made

prevíous to 1940 t-O , but it was not until Èhe chlorosllanes became widely

avai.lable during the 1940ts that silfcon-nitrogen compounds began to appear

wlth any frequency

By use of tríorganochlorosllanes fn reactlon wíth arnmcnfa, primary and

secondary amines¡a large ntrmber of the known sillcon-nitrogen compounds were

prepared 4-15 . The use of triorganosilanes in preparing silfcon-nftrogen

compounds is the most versatile of the methods posslble. Sítylhydrazínes 16

(fig 1(a) ), silyl-hydroxylamines \7 (fig 1(b) )o sítylazídes ls {rrg r{") ),
dlsllylamtnes 19 (eie l(¿) ), sLly!.anni.nes 20 {rr* 1(e) ), siLaaanes 2L

(rig r(r) ), N- and o- silyldertvarlves of amtno acids 22', stryLamides
23'24 (rig r(e) ), silyllnides 25-27 (flg 1(h) ) and a large number of

compounds formed by the reacÈion between triorganochlorosilanes and nitrogen

contaíning.heterocyclic rllrg compound" 28 (rig r(i) ) are made by using

t,riorganochlorosflane as a startlng materlal.

The dichloro, trlchloro and tetrachloro derivatíves of organosilyl

compounds lead to a smaller group of compounds. Dlhalodiorganosilanes can

be used to prepare silyldirnides 25127 (rig r(j) ), cyclorrisilazanes 29

(flg r(k) ) and cyclotetrasilazane, 3o (frg 1(1) ). Trforganosilanes can

be used to prepare polysflauanes 31 (frg l(m) ) and sflylrrÍ,amines 32

(frg t(n) ). TeErahälosflanes can be used to prepaxe heterogeneous polymers
tt , varlously substituted silylarnlnes 34 and a number of adducts 35r36

(flg t(o) ).
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All che above compounds prepared by the use of the halosilanes have at

least one characteilstic in corunon. The outcqrìe of the reacÈion wil1. be

sterícally sensftive. For exarnple, Èhe amlne-silylhalogen reactlons will

shor¡ a decreasing tendency to go to "orff"tìon as the alkyl substltuents on ',:,,:.

sflfcon increase ín size ûr as the alkyI substituentson the amíne increase
?tin slzg u' 

.

Manymethodscanbeusedtoprepareasl1icon.nitrogenbond.Adetai1.ed
..- a.

lfst of some of these methods can be found in Plercets book 28 and in other ;''
:',:l

revier.¡s and books 31136-45 
,1,1,',t,

srrYlElr_roN oF trErE&ocyclrc cqMpouNps

A number of methods can be used in order to sitylate heterocyclic ríngs.
)F. t,APierce Gv lísts the most useful methods. AnoÈher revies¡ r+e covers scrne 

i

oÈher methods. FoLlowlng Pierce 'f , the methods used can be broken down I

lnto five essentially differenË groupsd Accordingly, Èhey are (t) trre

trímethylchLorosilane - based meÈhods, (Z) ttre hexamethyldisilazane - based

methods, (g) the sllylamíne - based mèthods, (A) ttre silylanide - based 
:,j.''.:

meÈhods and (5) a few mÍscellaneous methods. ,',,'
:.

The trineÈhylchlorosllane-based methods are normally used to sllylate j,',,.'

alcoholso phenols and a fer¡ acids. This work mainly made use of the trimethyl-

chlorosllane - based method vrhlch involves the reacÈion of a t,riorganochlorosilane

with an altcali metal salt of an fmide. In this r,¡orlc the cyclic ímldes used 
,t.,: 

t

llere succinimide and phthalímlde. The alkall metal used was poÈassium. In
general a number of -the flrst four above methods have been used to s1lylaÈe

cyclfc amides and a few cyclic imldes 2B .

N'(tr{methylsilyl)succlni.mide has been made by at teast six differenÈ
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methods. The flrst Èwo methods of preparatlon have been done by FrainnêÈg!.
47

sj- " . One of the meÈhods he used involves beglnníng wlÈh the sodlum or

potasslum salt of succlnÍmide whlch can be prepared by a number of, differenE

lr.¡ays 25r48 and reacÈlng either of them with trímeËhylchlorosilane.

^/f u n-,^y'o

l'[-li* + (cur)rsrcl ---] "'T]>NSdcH3)3+Kcr.

"2.-\ 
e J 

"r.-.so

T'he second method he used Is the reacËion of hexamethyldísilazane with

succf nímlde which yields N- (trimethyl silyl ) succlnimide and anmronf a.

,O 
^On^ç-c//: ^ HrC-(

, 2l _-\r*l * ( (en ) sr )rrsu 
--+ 

, 
--rI ^-)¡osi(cnr), 

* NH3'u^å_c*-z''- '""3'3--'2'" ' Hrô-.1
2\'o'¿l¡

i This method was also used by lùannagat 49 . Thfs rnethod normally yíelds a

, clean product wlth no side reactions. The reaction usually reçires refluxing . ,

t.t-t, .t, -'

: for a number of hours. Fraínnet also has prepared N-(trfethylsilyl)-
, : 1.-: -.

." and N-(trtphenylsltyl)succinimide using both of the above methods" ' .

Further, there are tr¡o methods used by Blrkofer 50t51 . The ffrst of

these two methods lnvolves the reaction of N-chloro or N-bromosuccinimide
':
:',: with N-(Ërimethylsilyl)acetamLde to yield N-(trfmethyls,llyl)succinimide and ','....'

the N -halornf des r 1.v1 ester.

(x : nr,cl)
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The second method found by Birkoier is rather novel. If two moles of

N-bromosucclnimide are leacted. with 1- phenyl - 2 - trlmethyLsllylethane,

the enpected product 1 - phenyl - 1 - bromo - 2 - trimethylsllylethane is

not fonr¡ed or if it Ís formed, iÈ immcidfaEely decomposes into phenylethylene

and trfunethylsilylbromide. The trimeËhylstLylbromide then reacts wiËh N-brorno-

suceí.nlmide to yield N-(trimethylsílyl)succlnÍrnide and free bromine. The

free bromine then reâcts r.¡ith the phenylethylene.

NBS
c6H5cH2cH2si (cH3)3

1 ll,

(cnr)rsrnr + NBS 
--) tcurtrs*ftj:t * u,z

o)f -cn,

C.H-CH : ffiZ * Ut? l+ C6H.Cll (nr)cnrnr

'fhe fifrh method was found by Vernaleker, 52 , vrhereln, he reacted N-

bromosucclnirolde with ethyltrimetitrvlsilylacetate to give ethyl-bronoacetate

snd N- (trirnethylsf LyL ) succfnimide

'rf-(*-,, ,,
uzc--cq

.9
- Hzf-t(

- 

I --lì-sí(
"zt-\

ang)g + Brclrrcozczt/.s1"r co2c2Hs

éi (ar3),

The last method found was thaÈ used by Dickopp 53 . Hls method sees

a very large range of applfcaÈ1on in Ëhe silylatlon of compounds with active

hydrogens 1n general. He reacted Ërímethylsilylchloride wlEh succinimide

in the presence of triethylamine. The Èriethylamlne complexes the free acid.

There is less varleÈy of methods for the preparatíon of N-(trimethylsiLy!-

(c6ttrcu(nr)curst (cttr)r)-) c6H5cH : cuz + (ot3)rsrsr.
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phthalirnide. N-(trfrnethylsilyl)phthalimide h'as prepared by FraÍnneÈ 47

uslng the potassium salt of phthaltmide and trimethylchlorosilane. He preparecl

N- ( triethylsilyl ) - and n-(trtphenylsilyl )phthalimide using rhis method.

Recentlyr thís method has been used ¡v s¡""x"ey et al, 27 to prepare N-

(methylethylsily)- and t{-(merhylisopropylsily)phthalimide. Similarfly, he

prepared N -(tf-phthallmidomeËhylsily1)- and N -ç¡t-ptrthalimÍdodterhylsilyl)-

phthallrnide. He used N, N-dimethylformamide as a solvent for these reacÈions,

Fralnnet 47 was also able to prepare n-(trimethylsilyl)phrhalímide

by the reactlon of- hexamethyldisilazane with phthalimide.

Dtckopp 53 used the same meÈhod he employed for the prepararíon of

N-(trimeehylsilyl)succinirnide to prepare N-(trímerhylsilyl)phthalimide.

Klebe 24 prup"red N-(trimethylsilyl)phrharimlde by reacring Nro-

bis(trlmethylsiLyl)acetamide r^rirh phthalimide. The B.S.A. acts as a silyl-
donor in thls exchange reaction v¡ith tke e,quÈ'I,åbrium lying far over to the

productsl side. He carrled out this reacËíon by refluxing Ín acetonití1e.

sheckeev et tL., 27 prepared N-(methylerhylsilyl)phrhatimfde by

refluxing phthalimide wíth methylethylchlorosilane in pyridine. The pyridine

complexes the free acid.

Some oÈher phthallmlde compounds have been prepared using sílicon contain- ,

íng functional groups, but in these the silícon atom ís not directly bonded

to the nitrogen atom of the phthalimide" Ssnmer 
'54 

prepared trimethylsilyl-
nrethy1phtha1imidebyreactingphtha1imidewíthtr:l.methy1si1y1methy1chl.oride

fn the presence of potassfum carbonate and NrN-dímethylformamide. Goubeau 55

prepared þ ís (methylphthalímído)dimethylsilane by reactíng porassium phrhaLimide

wl th b I s (chloromethyl ) dime thyl sí I ane in N, l.t -dfme thyl f ormami de.

In Èhfs rvork N-(trimerhylsilyl)succinimde and Nc(trimethylsilyl)-
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phthaiini.de. were pï'eparerl usinú both the potassjiurû salt/chlorosilane

methoo ¿rnC the imjde,/irexamethyldisilazane method.. Cornparison of their

i nfre.'.,,¡ sncr:*.r¡ ^-.1 -.-^+ -*^^+-^ ; -,r.: ^¡la¡1 +"hatthe r;çrr¡16r1¡,¡lgIJ¡f IoJ-çu ,J1-rçVUf (r. GIIU l-rlr-ìUVIr Ii€¡iioJ. a ù-l-¡gUUi= r!lUi,UGl=¡.¿ Ult@UL'll9 t,U.:-j.\/!.r¡-r'-'

obta.ined by both of these rnethod:; were irìentical . By use of the potassium

salt/c;hlorosilane method seven ner.i silyl-succinimicles v¡ere prepalecL

and five new siJ-ylphthalimi.de ccmporì.nds þrere ple¡-rareC, Two of'the new

s i lyl succ i ni,ni des r¡ere cLi alkyl s i lyl di suc c rn i mi d-es .

I'lEC.lr$lISl'lS qrt TI{E S LYL EA-CTIO}IS

The reaction methocÌs mainl.v used in this r,¡ork a.re esisenti a.l-i-y

similar to the first step of the Gabrieì- s¡rnthesis used to prepar
.6primary arnines and arnino compounds '- o Âlso sirnilar to ttre Gabriel

synthesis are the preparatioris of silylmetl^¿rlphthalimides and. siì-yl--

ciirrretÌryipliihaiimides frorn 'uhe cor"r'espoi;;li-irg ;iJ-¡rlcliJ-oridcs an'J potac"
qÁ qG.

sium phthalimide 111 )r',

I'lhen the method is used to synthesrze N-a.1k)'lphthalimid.es,

the reaction mechanÍsm is thought to be 5rv2rirherein the phthal-Ímide icn
ç,.1

r-eacts ai the -nitrogen '' "
îi marhrr'ì fnr¡¿¡¡ids is normally used as a sOlvent f or Gabriel rel.c tions

because of its ability to díssol-ve the potassium salt to a small de¿ree

and therefore increase the reactíon rate. In thi-s wor:k tetrahydrofuran

rvas used- as a sclvent for all of the reactions because it cì.issolves lnany

cR
organornetalLic reagents, /" and is very stable to most organomet allic

compounds.

A number of d-eta.iLed. stuCies have been mad.e on the stereochemistry of

displacement of Cl.- lc¿ving Jrou-ps from asymnet¡ic siÌicon in optically

acti.ve cornpounds.
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Frorn SønmeJs worlc 59 there appear four generalizatíons concerning the

reactÍon l¡ehawlour of silylchlorides where the Cl- fon 1s considered to be a

good leavlng group. I{e finds that predomfnant lnversfon of confíguraÈion occurs*
for replacement of Cl- in RrSiCl wfth: 

.,, ,,
tt a) groups of wÍdely varying basiclty

l{ > oH, 0R, 0s1R>F, ocoR.

b) groups of rvtdely varying steric requirements
e.; O-t - C4Hg and H ,:.,.,,.

c) groups rvhich form bonds to silícon fn which d,.,, - + bonding ' 
'

ls not possible. ' : .

eg.; H

d) groups whlch fotm bonds Èo sillcon ln whích $,' - nO daÈive
bondlng is probably significant.
êg., isi - oR, :sr - F, etc. il

r He carried out a wide variety of react,lons ín varlous solvents and found Èhat

; agaÍn the predominant stereochemlcal path of reaction eras vla inversl-on of

conf iguration. 
,,

As a result sommer 59 fo"*urated the rule an"a rrgood reaving groups

I lX! whose conjugats acids have a ÞKa less than!6 undergo nucleophilic displace-

îeït fronr n"Slï rr1.th Ínversl'on of configuratlon i.rregardless of rhe naÈure ofJ '' _': _::

:.itr':;.ì:.,the solvent and prowiding only that the atÈacking reagerit furnlshes en ::,::;'¡

'..t -,, 
., entering group tYr that is more basic than txl rl. It'ls lmportanÈ to note .,t.ì: .

that this rule ernphasiues bastclty rather than electronegativíÈy.

By means of a large revfew of these stereospeciflc reactions Sornmer

. further concludes ÈhaÈ the reaction rates as well as the reactÍon mechanísms . ..:

agree ulth the use of the concept of basiclty of tXl, horuever the increased

abillty of tXt to stabiLi¿e negaÈfve charge w111 increase the rare of R"STX
J

reaction with nucleophiles.

În accordance r.lith the inversion mechanism for S¡12 - Si reacËl.ons Sønner
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postulates a transitlon sÈate (I) having Èhe following two requlrements:

(a) a trlgonal -bipyramid georneÈry with txt and tYt occupylng apfcal

positions and (b) the bonds of tXl and tYt are longer and weaker then bet¡reen

slllcon and the non-reactfng organic groups;

'-:.;

x
l
¡
IR+<i\h

(r)

À felly fledged pentacoordinaÈe SL-sËructure is not used because of the

dlfffcult), of Êxplaining certain other resuLts 60'.

= r¡0
sorrner '' 'vv has found for Èhe F- and cl- leavlng groups, when dfsplaced

by some organometal.lic reagents that retention of conflguratlon occurs. Such

results are explalned on the basis of a $¡ul - Si mechanlsm where the ËransiÈion

sÈaËe could be co¡¿s ,dered ,to take.oo one of Èwo equl.valent geometries.

They are eiËher tetragoúal pyramlal (!I) wherein rXt and ryt are both in
basal posltions or Ërigonal bipyrarnid (III), wherein, one is apical and one

is equatorlal' The electrophile of the organomeÈallÍc reagent f.s assumed to

be bonded to both lxl and lYl to fotm quasl-cyclic four me¡nber transiËion

gta tes.

I
I
I
Y

R

I

l\ì-;n...
R' \'---4

+

Y or *_-_ lr{*iits--{f or X

(u)

OR

(ur)
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- Ïn elÈher of these mechanfsms the rate controllÍng step will be the

brealiing of the S1-cl bond which will have e hlgher energy (91 kcal/rnole)

tha¡r the onergy of the Si-N bond whfch ls befng formed (77 tccal/mole)
61 ñr ,. ,

' Thusr Ëhe replacing of the St-Cl bond w111 be endoÈhermic. Therefore, ,|..;;...1.,.,

accompânylng Èhe replacement of Si-Cl bond there mult be considerable weakening

of the Sl-Cl bond by Èhe etectrophllic attack of the metal ion accompanied by

considerable rolease of energy by forrnatlon of a metal chloríde salÈ. These , 
,

w11I.betheratecontro11ingconslderation.Thus,SqunerproposesÈhefo11ow

l^1 - r^ ^--l -J- ÀL^ -L---- - -,--!ing slnple models to e:<plaf.n the above conslderaÈions"

For aÈtack of llthium benzyl on a triorganosllylchloride inversion of

conffguraÈlon occurs, especÍalIy if Èhe reacÈion is carrled ouÈ in a polar

solvent. Thus, Sonrner invoked. the Su2-Si mechani.sm involving solvenÈ stablllzed 
r

t ^-^ -^J-- 
f -- rL- !! - t .ion pairs ror the attacking organórûcÈa-llic reagent piaced at the two apical

positions of configuration. Then we have:

i
, t1%o-¿i---x---ti@ {.o\.--,, / \. {lon Palr) R R (lon patr)

: l l.,t:, lt'','.
t : -..:i:.lji:-::

R : Benzyl
,',,,,,. . ..,,,

When a non polar solvent is used and where tXt ls a poor leaving group

the Snl-Si mechanism fs fnvoked to explain the retention of configuration.

I{here lXl is a poor leaving group iÈ 1s also considered by Son'nners Ëo be ,:., ,.,,t
fncapable of stabil lzíng -ve charge r.rhlch ls necessary for the charge separat ' :

ion that oceurs ln Èhe Ss2-Si mechanísm. Then ue have the quasi cyclíc four

rnembered transltlon staÈe (IV).
-Fr

at \*
R3Sf<_ .Lf 

:_ \. _:R_-- (w) , . .
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ThÍs cyclic staÈe ís usually used to explain the results when F- is Èhe

leavlng group. One further consideration should be noted. All things being

equal, of the three Èransition states mentJ.oned, transitlon sÈate I, r,rill be

the rnost stable accordíng to vaLence - shell, electron - pair repulsion theory

(v,s.n.P"R") developed by Glllespie 62 
.

0n the basis of these consideraÈions then it seems reasonable to expect

that the ímfde salt/siLyi.chloride reactlons would occur by an SHA-SÍ mechani.sm.

In respect to the silylatlon of irnides and cycllc n1Ërogen and oxygen

conÈaining heterocycles trto aspects can confuse the mechanistic picÈure.

There is a tendency duríng sllylatíon of heterocyclíc compounds for Èhe sílyl-

atl.ng group to favour N-s1lylatÍon, O-silylatlon or both depending on Ëhe

compound. The general rule that has evolved out of the work by Giessler 9

re th.ot er¡clí,c lnides (e.ntl a¡oídes) O-stt.y!ate íf there is si.gnífí,cant resonanceù-.,. " - J

stabilí^zaLion of the ring eg'.

H

f
Ntfoo

* rt=o
I

H

OÈherr¡i se, N-si lylatlon

eg.
H

-CIÖi:*ï":
wí11 predominate.

SlMeq
I

À1

-/" .-o
^/lv ì\\ ìT.-,

É
StMe3

Thfs rule neglects the possibiLity of tautomerizatlon having an effecÈ upon

the ouÊcome of the reactíon. I{owevern in the case of succinlmide and phthallmfde

there is no corlcl-usive evjCençe i'or talrtomeri"^,f3. The¡'efcrersince no
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resonance stabllizatlon can occur if they are O-si1.ylaÈed, it. ls concluded

that only N-silylation will take place and most likely by the Sr2-Si mechanism

descrlbed by Sonmer.

In general an S¡r2-Si type of atÈack is thought Èo prevail in the reactÍons

of hexamethyldisllazane r¡ith Èhe frnides. These are reversíble reacÈíons which

have characteristlc equllibríums depending on the condiÈions of the reacÈion.

-64Langer proposes a Sx2 -Sl ltke aÈtack which would give lnversion of

configuration.

(x : or ottH¡

a-

Punp and ll¿¡n¿g¿¡ 
oj 

proposed three mechanisms simÍlar to those already

discussed from So¡unefs work for the reaction of amides lriÈh hexamethytdisílazane,

all of which invoLved nucl-eophilic attack on the síl1con by nitrogen.

BEA_CIIo¡IS Or SJLTCCÈ{ NrrRæEf{ COMP_0UNDS_

In general, mosÈ silicon-nitrogen compounds are very sensitfve to trater

and protic agents. The heterocyclic compounds show a wide range of reactlvÍties

but fn general they are among the most powerful silyl donating groups .''28'24

N-(trlmethylsftyl)imidazole fs a stron€t enough s11yl donor that it will react

with o. -halogencarboxylfc esters 65 whlch are ínert towards free imÍdazole,

and forms Ñ-(trtmethylsllyl)imidazoleacetate. In general, they will reacË

wfth acfd chlorldes with the elímination of trírnethylsilylchloride. Most of

the N-Èrimethylsllyl - heterocyclic nitrogen cornpounds are thermally sÈable 46

ff heatfng fs carried out in vacuo. A notable excepÈion to Èhis trend is thaÈ

of sllylated tetrazoles whlch decompose at temperaÈures above 100oC. An

Me Me

\/ /tl
RX: -) 

sr-io-sru"^
l'll3HMeH
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excellent revf.ew coverLng some of the behaviour of some of these compounds

has been wrltten by Blrlcofer 46 .

N-(trimethl,lsllyl)succlnimide has been found by !trannagaÈ 26 ao 'u

capable of donation of the trímethylsllyl group to N-merhyl-ìi-h.yd.ro>iç¡methyl-

formamlder o-phenyl -FL (neÈhylrmino)ethanol, and N-halornfdes. Slmilari1y,

I{annagaÈ showed that N-(ÈrfinethylsiLyl)phthallmíde could donare Ëo N-halomídes.

Blrkofer 57 has done a number of reactions betsreen N-halomídes and

N-(trimethylsilyl)suceinimide. The following equation e¡presses hís

):-

results 3

R-COI'IH-X +

E

cH3-

coHo-

0
/l

H^C-C-

..'l^ ^)Hsi(cHr),nrt-\ : --.(:'(cH')' r.ïi*-

ð
c1

c1

Br

&T
atr- cl

c6Hs- cl

(urr)rcn- Br

/c[4-sr(cu3),
-ccN-

(cnr)rcu-

Bfrkaf.er has:-also found that :reactions,betlveen N.(trÍmethy.lsí1y1:)_

amides and varíous aldehydes occur, vrherefn. Èhere is an atÈack of the silyl
group on the o:<ygen of the aldehyde followed by coupllng of the a -carbon of

the aldehyde to the nfLrogen of the amlde. According to Birkofer thís Ís a Èwo

step mechanism, which he writes as follows:

STEP I
.H -CH-GT

-"( 
+-co$IH- --r \-t"\ -coÌ{_

-cH-oH r- --rccE{- \/l--t
STEP II

-ccN- si (cH2 )3
+-ccÊ{H-
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Wtth N-(trlmethylsllyl)succinimLde Èhe reactÍon betwecn 1t and al"dehydes

apparently occurs very slor+ly. However, Ln the presence of a catalysÈ lllce

NaOSl(CH3)3 the reactfon occurs very quíclcly, according to following scheme;

ttT-t!N-sr(cnq), + (c''g)gsioo 
tHeÖ-eí rr - ((crr)rsr)ro

H^ c-C€
' I ìn- cH-R

Hz c-q- t

-*-"

-\

s-e-rYg + RcHo..'i )Y )Hzc-ab- -

trT

Hec

.î
ne'

-si (urr),
\*o-*"ï-

Hzc-

Cro

t
OS

\
r (cur),

R : C^H-¿5

- n - Ccií--r2

The reactfon between N-(trimeÈhylsílyl)succinlmide and an N-(merhyl-
' a^

hydroxy)amide sas done by tttt*r".o. Hovrever, here the sÍLyl group aËËacks the

methyl o:rygen of , Èhe hydrolryl group and, reacts ås,,follows:

oo-*/t*t
\" o,,

2

/"nt
GTC-N

\
cH2osr (crr),

+ *rl-(*,
nrë-<6i

+;;L+--si(ctt3),-)

uaÞ!_-gPEcrRA oq- sr : N. B-q{p coNrA

Very Little nas-s specËra data ís evallable on Sí-N bond containfng

compounds. A larger amouni. of effort, hor^'ever, has been expended on sílyl

^.4
-\ñ"
-"{'
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ethers because of ttlelr extensive use for purlffcaÈion and identificatíon
purposes

The rnass spectra of cÍ -functional organosilicon cornpounds and their
' organíc analogues differ. ThÍs difference has been aÈtrlbuted to Lhe extended 

;

delocalj.zation found frequently in silícon compounds . This ís íllustraÈed 
:

by a comparíson betveen the fragmentation paÈtern of teLraphenylrnethane and

. teÈraphenylsllane, whereln, important fragrnents of the tetraphenylsilane are I

due to ur¡saturated silícon moletle 
" 

69 . 
:'

':
; Some Seneral trends in fragmentatlon patterns appear for Èhe trimethyl

sllylethers and these can in some cases be generalized to the sílicon-nitrogen

bond conÈaíning compounds. Dielcman 70 ,found Èhat of the Èwo possible

fragmenÈatfons open to trimeÈhylsílylethers the rnore favourable ís the loss

of a nethy} frcrn rhe molecule (M-lS) givin6 in nost cases the base peal:, This

base peak is regarded as the progeníÈor of most other fragments. Hydrogen

transfer v¡ith elímination of an olefin Ís also a predormlnanË fragment after
i rhe (¡t-tS) ton has been fo::ured in sílylerhers.

,,.,.,r Diekman, from the rnass spectra of benzyltríneÈhylsíLylethers and para- .,:..:.:..:

- t t, .:,-,..,-.: 
substiÈuted benayltrimethylsílylethers found that Èhe trimethylsilyl group 

- : :'.1::

'...''

I fragrnent direcÈor, M-CH3 fs a predominanÈ frag- 1. ':t", was not a particularly good fragment direcÈor. M-CH' fs a oredominanÈ frae ':

menÈr the Èrirnethylsllyl caËion is present and the molecular ion is normally

a very snal1 amount of the total ion current.

''..'.: 
The mass spectrum of N-(trimethylsilyl)benzylamlne has the same major , ,.,,

fragrnentatlon pattern as that of the benzyltrlmethylsilyleÈhers. The M-CH3

lon peak is almost as large as the base ion peak. The Èrimethylsilyl caËion

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

tatlon occurs via the loss of -cH -'NH Èo produce c6urtr(cH3), and (Cnr)rsi e
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Both ways of o-fragmentation are represented. Other benzyltrirnethylsiLylamlnes

exhibit Èhe sarne general behaviour. N-methyl. - N-(trlmethylsílyl)benzylarnfne

shows a much differenÈ behavlour f.n terms of rearrangemenL, buÈ the (M-15)

pealc sÈ111 is Èhe base peak 70 .

. Fronr Ayletls work 7l '72 , N-phenyLsllylamlne gave a molecular ion peak,

a M-2 ion supposed to be SiH, : NPh* (illustrating agaln the unsatu::ated

nature of some sillcon conLaining fragmenËs) and the rest of the fons are due

to Èhe organfc molty; dímethylamfnosilane gives the molecular lon, M-l, M-2,

M-3, corresponding each to successlve loss of hydrogen from sllicon, after

which the Si-N bond breaks.

The mass spectra of a number of silazanes have been done by SilbÍger
?1

et al, For hexamethylcyclotrisllazane and octamethylcycloteÈrasílaaane

Èhe intensity of the molecular ion peak rvas small and the base peak was due

to (M-15) fon ln both. They,both exhibiÈ the abílity to lose annnonia ancl

methane from the M-15 ion and boËh exhibit Èhe presence of doubly eharged

íons found for most of the above compounds. The other silazanes exhlbit

slml.l-ar behawiour.

No mass spectra of sf lylimldes or Slmllar compounds rorere found. l{or^lever,

by considerlng the analogous organic compounds one would e:rpect some s1¡nilari-

ties. For N-n-butylsuccinimfdo 74 it ís found that. there ís a relatively

abundanL molecular ion, there are less lnt.ense peaks due to o-, R- and f-
cleavage, there are peaks due to hydrogen transfer from the ß- andf,-carbons and

there ís loss of C0 from the ring. Also the ring tends to cleave lnto tr¡o

fragmentsr'Cll2CH2C :. O* and/o. nÑC : O*. The specrra of aromaric phrhalirnides

have been run and the loss af. CO, from the fmide is a rnaJor path to fragmentaÈion

for these compounds 75 ,
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}I.}i.R. SPECTRA OF Si-.Ì,] BC}M dOìTTA]TT]ì{G CCI.IPCI]ÌII)S

Most of the-protolr n.rne r, studj,es of the Si-l'l bonrl containinË com-

por.urds have been atternpts to clarify the el-ectronic nature of the Sj-ì{

bondrsince there is some uncertain*r¡ rq *Ã-l:ho exact nature of this bond..

The reason for this uncertainty is that rnany sj licon containing com-

pound-s exhibit a behan'ior which can not be attr.i'buted. to simrrle incluctir.¡e

effects. An exarnple of this is the n.m.r. sturlies of silyl-substituted
7Â

butadienes done by Bock '" . ¡'ol tnese experlrnents Tle r'rrios tnar fhe sr-ryf
group on the butadiene.behanres a.s an accep-Lor of electron density rvi.th

iespect to the ca-rbon arrol ogrres. This he su-ggested was d.ue to the 1rar-

ticipation of er:r1-ity si-l--'icon 3d olhi+,1.1 s -ir th..: j-ri-s;].ltorn of buta¿,ie'r:

l:e,lamse it woilld. ra.t,i.c¡ie-lize the fe.ct that the -T effeci r',¡as;reater thall

+I effect of ì;he si-1-icon" Ho".revetrrthere exists slo documon'bed. exarnple of

mu1-trp]e bond.ing betv¡een Sjl.jcon anrì- a.n;,' cther e.Lement. Therefor:e,thes:e

ni-i¡-l-on¡¡*innclrefered. to as drr-¡* inte::acticn) are d.ifficult to p::ove\trrt

or di.sprove in any final r.'a;r"

Since the Si-if 'bcnd is veïJ'lii:elr'to approach the nul"i;l¡rle tronrling

ertrene because of the avail.abilitw 'nf -thn rritrn..en lnno rrni-n.nroton n¿m"ll..4 "J v-' vtr,¡r ¿L,¡rú -lrø¿f t.¡r-

studies of the cornpounds in this wo::k coul-d- be e good source of evidence

concerning dn-]l,f interactions in lhe ør"nrrnrì strf,s" This is true because

the nucl.ear ma¡çnetic r:esonance of a particular nuclew is sensitive to the

electron density ¿1 that particular nucl-ei in the mol-ecule.

For ltl-trimethyls i lyl-subst i tute.f heterocycJ- i c compounds that con-

tain a Si-N bond,rithe cherni cal shifts of the methyl protons may be regarded

as a measure of the extent tc v¡hich the sili-con atom shares the the lone

nrir nf o]an*¡nnc ^vr *Ìro rrì*¡^¡rarr ¡*^- ^+ +L^ e.i 11 'r-^-J .:*^-^^^i-- - CiJo¿¿ L'¿ çrçvurur¡s olL the nj,tr:ogen atorn of the Si-II bondrincreasing ò-
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values co:ìrrespond.ing to reduced sh: elclingi 40 This statement is mad.e by

Birkofer on the basis of a comparison between I'l-trimetþlsilyJ--substituted

compoÌlnd.s and the analogous ìI-t-butyl compounds,wherein,he finds that the

chemical shifts of the metþL protons on the trimethylsilyl moiety

.: ane reduced. by back donation of the nitrogen to the sil-icon.

INFRARI¡D SPECTRA OF Si.N BO}ID CONTAING COMPOUNDS

ft has been found- by Brook that organosilicon compounds having a

carbonyì- ad.jacent to silicon exhibits infrared properties considerably

d.ifferent in behavior fron those of its carbon anologues 77 , lh" carbonyl

absorption appears at remarkably tow frquencies; t645 cn'L for acetyl

, or propion¡lÌ sil-anes.

. It has been suggested that these anomol-ous effects might be due to

interaction of the unsha::ed pair electrons of the olqrgen atom of the

carbonyl with the unoccupied- but accessible d.-o:'bitals of the silicon 7U 
o

Tt seems reasonabl-e that if such d*-n- interactions hrere associated" with_ _-___ __llv ___

the anomolous spect:r:al properties of a-silylketones tha.t l-ittle effect

would be obserwed. for ß-ketosilanes'because of the poor overiap of the

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

absorption frec¡uenc¡r for the ß-ketosilanes were the saÌne as the carbon

ôh^r ñ,ôa Thris,only rvhen the silicon atom is directl.y attached. to theérruIt'ltisÞ.

carbonyl group are these anornolou-s effects observecl a.nc1 these are attri-

buted to Ç-nrf interactions which can be represented by the foJ-lowing

Tesonance structures.

_p+
R3SiCOR + RSSi=CR
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lloweverran alternate expl-anation has been proposed.. The SiR, groups

are electron releasing with respect to theír carbon anologues. As a result

of electron release into the carbonyl adjacent to the silicon atom the

carbonyl bond poì-arity would increase and--theref'ore the carbonyl absorption

.freguency would d.ecrea.se. This is oppos:ite to the effect of'placing an

electron withd-rawÍng group adjacent to the carbonyl which tends to decrease

the bond pol-arityrthereby increasing the d.oubl-e bond character of the

carbonyl and thusrraise the abso:rption frequency of the ca.rbonyÌ 79 .

Thereforeras can be seen the effect of the SiR, eroup ad.jacent to

to tbe carbonyl could be due to either the +I^.* effect.the d6n' effect,
Þ l_J( -J

i or to a combination of both

For the imicLes orenared, resonance stn:-ctures can be w::itten. The ïeso-

na.nce interactions of the imide moiety wil-l- l-ower the carboqyl absorption

frequency because the bond polarization of the ca:-bon;rl- wilÌ be incr:eased.

oo-l'í -¡- l'
=lI-C- =li.î==C-

Horveverrresonance j-ntera.ction betr,reen the Si-l,I bond r^¡ill tencl to shift the

electron d.ensity arniay from the the carboqyÌ reducìng the bonC pola::ity of

the ca.rbonyl bond" Therefore,if \-pn bonding occurrì between the Si-}tr

bond. of ther;e no-l-ecirl-es to a. le.r¡"e extent it will- h¿ive the same effect as

an el-ectrcn withd-::a',.;in¡; fîloup ancl th.e carbon¡rl ¡hsornl;i.on frecluency wi-LJ. in-

creaîe. Thus,if dlr-p# troncì.in¿1 i..s a large effectrthc carbon¡¡l absorption

frequency will be greater in the silyl-substituted. imi.d.es than in the

u-nsubs t i tuted imides .

The +I^.- effect lvill increaÈe the bond nolarization of the car-¡iltt^
-\

bonyl and therefore the carborrly absorption frquency will decrease. Thus,

if the *f..,, effect i-s large the carbonyl frequency r^rill be lower in the
Jlf(_

5
silyl-substituted innj.des than in the unsubstiiuted- imrd.es.
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Thusrthe inÍ'rared. spectra of these compound.s should- ind-icate which

effect is the larger.

CONCLUS]ON

The compounds prepared. in this vrork are useful- in two ways. They ,,,.;.,;:,:.;,,,,

'supply more data concerning the electronic nature of a Si-l{ bond.. They

are usefuì- precursors in sily1 donor reactions where the final- prod.ucts

desiredhaver,aríousR8IoupSonthesiIicon.TIreyareparticu}ariIy

good. because of thei:l powerful silyl donor p::operties and because the imid.e "" 
''¡"''

:.: '. ,:''.:'.1 :' .,=

prod.uced. in such exchange reactions can be easily separated from the de- ¡':'r: ,:.', :-

sired product since they a::e insoluble in most organic reagenis.
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GENERAL PSOCEDURE. APPARÂTUS $!L REAGENT

GENERAL

Due to Èhe alr and moisÈure senslÈivity of most of the eompounds, elther i:

used as starting maÈerlals or prepared, the handlíng of these compounds rvas

carrled ouÈ as much as posslble elther ln a convenÈfonal vacuum gas rack or

under a dry nitrogen atmosphere. when lt r¡as necessary to expose air sensiËive 
.

compounds to the atmosphere, such e:posure vras kepÈ at a mlnimum. All
apparatus used to manfpulate these compounds were dríed at 120oC for three 'l

' hours and flushed wlth dry nitrogen. A syrlnge was used to handle the chloro-
ellanes and hexamethyldisLlaaane. Mlcroanalysis and moleeular weight determina-

tlons (Rast method) was performed by Dr. Alfred Bernhardt, at the Mikro- 
l

analytfsches LaboratorLum lm Max - Planck - Instltute, Mulhefm, Germany. :

INSTRIN,Ín.ITê.L

Infrared spectra $tere recorded by a Perkln-Elmer, Ì'iodel 337, grating

spectrëphotometer, l{near-{rr r¡ave-number'and c.overfng the lange of 4O00-400

wave numbers. Lf quld compounds r,tere run as ff l¡ns between KBr discs. Solid

compounds prepared were run as nujol mulls between KBr dlscs. The spectrum

of the carbonyl stretchÍng reglon and the slllcon-hydrogen stretching region

were run as 10-2lt and 10-1¡l solutfons respecÈively in dry chloroform uslng a

KBr llquld cell of thfckness 0.1 m.'411 peak posltions were deterrnlned to
t 1.0 c*-1 ,rslrrg polystyrene for callbraÈíon.

All nuclear resonance spectra were recorded on a VarÍan A56/60 Analytical
N'l'l'R' Spectrophotometer. Proton 11.m.r. spectra r.rere rur¡ as 10,mole percent

solutions ln deuterated chloroform. The protonated chloroforrn present as an
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impurity 1n Èhe deuÈerated chloroform r.ras used as the lnternal reference

standard where posslble. l^Ihere thís peak was mastr<.ed by other peaks, the

spectrum ltas run ln deutorated chloroform, and then a drop of chloroform ¡vas

added to give a reference peak. All samples !¡ere run in the same thin walled :tl::,;,r:,. 
,, ..,,

quartz n.rn,r, sample tube aË 40oC. The sample tube rras pressure capped duríng

epectra runs.

All mass spectra r,¡ere run on a Hf tachírPerkín-E1.mer, R.M.U. -6D mass :: : .'.1
, ,' '.' .

spectronìeter. The eharnber temperature was 23015oC. The ion source l'as run 
¡.).:::i:;: ,:,:"1.-:''.... : :.::at 50 e.v. SolÍd samples were inÈroduced direct.Ly to the íon source. LÍquid ''.,:,':'-::::":.:.:

' 
samples !¡ere vapourlzed lnto the gas inleE system.

A Rinco variable tenperature oven was used to fractionally distill líquid

samples.

çHryIlAIÑ.

,,\ 
AlL the chloroeilanes used except trimethyl"chlorosilane (Matheson Coleman

i and BelL) were obÈaíned from Penninsular Chemresearch Incorporated, and usecl

s¡ithouÈ furEher putificatlon.
..'.: :.

:.,.,j,',.,,.,,.,. -.,,,." Succínimide (Aldrfch Chemical Company) was purified by two recrystalLíza- '," 
,

'....::
, tions from water and dried in vacuo. . .. ,' ,;'.,', .'

phthalimíde (¿,ldrtch chemical company) was purlfíed by rwo recrystalLLza-

tíons from water and dríed in vacuo.

,ii oÈassium meËal (Físcher Scíentif tc Company) was used without further , ....,',.,.'
,

r purificatlon.

Hexamethyldisll-azane (píerce Chemical Company) was used r¡ithout further

puri fica tion.

Potassfum phthallmtde (¡latheson, Col.eman and Bell) jras.noÈ suitable for
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these reacLions. It contaÍned some impurity which led to unwanted products. 
l

Tetrohydrêfuran (T.H.F.) .^ras refluxed wigourously for one hour over 
l

lithium alumlntim hydr:tde under dry nttrogen and then was dfstilled ínto the

reaction flasks directly for use.

- The chloroform was dried and pur:ifled accordlng to Vögel BO .

Benaene was dried over sodfum wire for three days and then distllled,
Anhydrous ethylether (f is .her Scíentlflc Company) r,ras used directlS',

&ntan-1æ1(FtsherScientlfícCompany)wasdtsÈi11ed\.'ithbenzeneto

remove water; the fractlon that w&fi us€d bolled, at Ip9-IjIoC" '
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EXPERIMENTAL

P4gf 1

CTILOROSTI,ANES AND PTTASSIUM SUCCINI¡fIDE

REACTLON 0F POTASS_IUU_.yETAL \^JrTr{ SUqCTNIMIp_E

" Potassium metal (1.17 g, 29.9 nrnole) was cuË lnto small píeces under

dry cyclohexane. These píeces were added to succinlmlde (3.00 g, 30.3 nrnole)

in 35 ml of dry T.l{.F" under dry nftrogen in a 250 ml two-necked round-

moderate rate vrlÈh stirring for trvo hours. A thiclc whiÈe precíp1Èate was

, formed, fdentified as potassium succinlmide. A snall but undetermined amount

of potassium metal did not reâct. The reaction mixture l.Ías cooled to OoC in

an íce beth pæåoe to the adtlltion of the chlorosílâflêso Thís reaction was

,i 
t*p"*ted for each reactlon of potassium succinlmide with a chlorosilane.

REAC_T I ON OJ POrASSTsiiy SJJCCTNT TrÐ E WrrL rRIlfETHyrÆHLOROS T LANE

ì Trimethylchl.orosllane (3.L7 8r 29.0 rrnole) r+as added slorvly to a stirted
..:

", mixture of potassium succinímide (4.L0 g, 29.9 runole) at 0oC, under dry

niûrogen. A fine rvhite precipitate îras formed, idenËified by the silver nitraÈe
tì test as a water soluble chloride salt presumed to. be poÈassium chloríde.

i.ì Suction flltering through a sínÈered glass (M porosiËy) fllter gave a paLe

) yellow t.iquid fílÈrate. After pumping off the T.H.F. and. unreacted Èrimethyl-

chlorosilane, vacuum disttllatlon gave a clear, colourless lfquid identified

as N-(trtmethylsílyl)succlnlmide (1.51 g, B.81 mrnole, 3O%, b.p. 120oC at Lo-2nau),

,,r Anal. calcd. for cTHlrNo2si? cr 49.09¡ H, 7,65. Found: c, 49.25i H,8.03.
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The lnfrared spectrum (liquid phase, neat) ls shown in ffgure ZG), The

infrared spectrum ifO-2" solution) gave Èhe value for Èhe mosÈ fnrense carbonyl

absorptionband as 1689 cm-l.

Two singletg, one at 2.64 p.p.m. and one at O.42 p,p.rrìr rrêËê found for

the proton n'm.r. spectrum. The relatíve areas of the two pealcs r,¡ere found to

be 4.It9.2 and they were assigned to the lstNCo(cHr)^co and -si(cH3)3 groups
l-----'¿l

respecÈlve1y.

The mass spectrum (taUte t (a) ) r¿a-s obtained by vapourf aing the liquid
sample lnto the gas inler sysrem at 10015oC.

TABLE l(a) The ten mosË abundant peaks for rhe mass

e/e

ls6
l'49- 148
r47
131
93
75
73
66
55

spectrum of N-(Ërlmethylsllyl) succinímide.
% Relative Abundance

- %

43"4
L5,7
3'l,..4

100.0
9.6

28.9
22.9
28.9
L5.7
t6.9

The molecular ion (nn/g =, 171) has an abundance equal xo 4]l%. Four peaks

(m/q =' 2L7r1^ï9rLB4r1.75) appear above the parent ion. No meÈastable peaks were

found.

REACTTOI{ OF PüTASSIUM SUCCTNT}ÍIDE I^TITH TRIETI{YI¡HLOR I.¡NE

Usíng the above procedure, triethylchlorosilane (4.50 g, 29.9 nnnole) was

reacted wlth potassfum succínimide (4.10 g, 29.g nrnoles), was filteredrand the

T.H.F. and unreacted triethylchlorosllane were pumped off to yield a pale

yellow liquld - solld mizture. Vacuum distiLlatfon of thís.mfxture yielded a
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: clear colourless llqufd ldentffled as N-(trtethylsilyl)succfnimide. (2.05 g,

,g.6L mmole, 327., b.p. 150oC at 10-2mm).

Ánal. calcd. ior C16tt1gNO2Sl : C, 56.29; H, 8.98. Found: C, 55.923

ll, 9. 08 .

, The lnfrared specÈrurn (liquld phase, neaË) is shown 1n'fi.gure 2(b). The l,,

infrared spectrum (tO-21,1 soluÈfon) gave the value for Ëhe most, intense carbonyl

absorpÈ1on peak as 1685 '.*-1 .

Two sfnglets, one at '2.68 p.p.m. and one at 0.99 p.p.m., srere found 
,1..

for the proÈon n¿trì.r. spectrum. The relatlve areas of the two peaks were ''

4.0:16.2 and thege were asstgned to ttre isrtlco(cttr)rco and rhe (cH3cll2)3si i'

groups respectfvely (ffg 4(a) ). The proÈon n¡rnore specÈrum (neat, liquid

phase) of the (CtttCttr)rSf - group on a 50 cycle s$reep width showed thar rhls

I sfnglet was uns)rÍme,trical (ffg q(U) ). The proton n.rr.r. spectrum (10 mole

Percent çolutlon ln benzene) of the (CH3CH2).S1 group on a 50 cyele slreep

wídth gave a multiplet (frg 4(c) ). The protorl r'¡,m.r. spectrum (10 mole

Percent in chloroform) on a 500 cycle sv¡eep widthrwhen varied in Èemperature

ftoro -80oc to *40oC 1n 20oc steps showed no change in the peaks except for

. natural líne r¿ídth broadenÍng at low temperatures.

' The mass spectrum (raUte t(U) ) was obrafned by vapourfzlng a 1lquid

sample into the gas lnlet system at 100 t 5oC.

ÎABLE 1(b) The ten most abundant peaks for the mass
spectrum of N- (triethyLsl 1¡r1 )succinimide.

*- % Relative Abundancs

218 43.5
187 67.L
186 100 *
185 100 *
L57 76.5
104 100.0
101 29.4
76 100.0
73 42.4
56 7 4.1:t Off scale
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The rnolecular ion (m/e = 213) has an abundance of less than 17". Five-

measurable meÈastable peaks are found at m/e:55.8, 58.8, 133.1 ?L66.Oand 138.1,

Thls mass spectrum !'ras repeaced two times and the fon at n/e:218

remained ln both at approxlmately the same abundance.

RqACTIOÌ{ OF DIMETHYIÆHLoROSILANE _WIIH POTASSIUM SUCCINIMTDE

Usíng the above procedure, dlmethylchlorosflane (4.75 g, 29.5 nnnole)

ltas reacEed with poÈasslum succinimide(4"10 g, 29.9 nmrole), was ffltered,

and the T.H.F. and unreacted dimethylchlorosllane were pumped off to yield

a pale yetlow l.fquid - solid mixture. Vacuum distfllaticn yfelded å clear

colourLess liquid ídentifled as N-(dtmethylsiLyl)suecinimide" (2.09 g, L2.3

mmoLe, 287", b.p. 120oc at 10-2nm).

¿trnal. calcd. for c6HttNo2si s c, 45.84¡ H, 7 "t5? Found: c, 45"93; 11, 7.35.

The lnfrared spectrum (irquia phase, neat) ls shor,rn in figure 2(c). The

infrared specÈru* (10-2M solution) gave the value for the mosË fntense carbonyl

absorptlon peak as tr?}? . cm-l. The infrared spectrum (ro-1¡l solution) gave

,. ,:,thi ù¿i1uè.fo¡ 'the most intense carbonyl,absorpt{.on'.peak as 1698 . cm-l and

, 
ganu Èhe value for the S1-H absorptíon peak as 2192 

"*-1.
" A septet, a singlet and a doublet, at 4.68 pcp.fir. (J : 3.6 t 0.1 cps)¡

2.66 pnp.uìn, and at 0.42 p.p.m. (J:3.7 t 0.1 cps) respecÈívely were found

for the protott nçmor. spectrum. The relatfve areas of the three sets of peaks

I were found to be 0.8:4.0:6.4 and Èhey were asslgned Èo the ]SiU, lsfnCo(Cttr_UO

and (cit.).st : group!¡ respectfvely.¿¿
This compound was found Èo be parÈiculari.y alr sensitlve.
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REACTLON OF ALLYLDIMETI{YIÆHLOROSLLÉ\NE IIITI POTASSTUM SUCCINIITIDE

Uslng the above procedureo allyldirnethylchlorosllane (4.03 g, 29.9 rur¡oles)

!¡ag reacted with potassium succinlmide (4.10 gr 29"9 nrnole) r¿as fllteredrand

the T"H.F. and unreacterl allyldimethylchlorosilane !,rere pumped off Èo yleld

a pale yelLow lfquid - solid mLxture. Vacuum distt!.latíon ylelded a clear

colourless liçtd identified as N-(allyldirneÈhylsilyl)succinlmfde (2"07 g,

10"5 nuro!.e, 35%, b.p. 170oC at l0-2mm).

Anal" calcd. for CgHrrNO2Sl ! C, 54.28i Hr Z.66. Found: C, 55.18;

H,9.04.

The fnfrared spectrum (ltquíd phase, neat) 1s shown fn flgure 2(d). The

lnfrared spectrum (tO-z¡l solutlon) gave the value for the most inÈense carbonyl

absorptlon peak as 1696 
"*-1.

A slnglet aÈ 2;65 p.p.flr., a doublet at 1.91 pop.rr., a singleË at

O.43 p.p.m., a multlplet centred at 5.89 p.p.m. and a muLÈiplet centred at
'4.82 pop.rIt.'were found for the proton n,.m.r. spectrum. The relative areas

of the peaks were 4.522,5t6.2:,L.4:2.2.and they lrere. assigned to the

:ttwr)¿Îo,.cn2 = cH,.-"jþ,1,,,: sr(cH3)2? cHZ: cH - GHz -' and Èhe cH'

mass spectrum table 1(c) was obtalned by vapourlzlng a llqufd sample

gas lnlet system at 100 t 5oC.

TABLE 1(s) The ten most abundant peaks for Èhe mass
_ spectrum of N-(allyldlmerhylsilyl) suceÍnimide.

: Cïl - CHZ - groups respecÈively"

into

E&
2L7
190
185
184
1s6
103
75
72
55
4s

* Off Scale

The

the

% RelaJive Ab-undance
16.5
11. B
38. B

100 *
L7.6

100.0
92.9.
15.3
28.2
16. 5
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the rnolecular ion (m/e 197) appears with less than 1.0% abundance.

T¡ro measurable metastable peaks were found at m/e : 54.6 and 57.7 .

REACTI0N 0F PHEÌIYLMETHYLCHLOROSILANE r.rITH POTASSTUM SUCgINIIIID-E 
., ,ì ...,,

. Using the above procedure, phenylmethylchlorosllane (¿+.68 g, 29.9 nmole)

was reacted wlth potassium succlnlmlde (4.10 g, 29.9 rmnole), was f,lltered,

andtheT.H.F.andunreactedpheny1methy1ch1orosi1ane!'erepumpedofftoy1e1d

a p61e yellow ltquid-solld mixture. Vaeuum distÍLlatfon yielded a clear ' ' "

colourless 1lquid fdentffied as N-(phenylmethylsiLyl)succinfmide (1.95 g, '.t:',t,,1|,,';1,t,,

B.B9 mmole, 19%, b.p, 200oc at l0-2sn).

Anal. calcd. for C11H13 NO2SÍ : C, 6O.Z5i H, 5.97. Fóund: C, 6O.Z4i

H, 6.49,

, the infrared spectrum (llquld phasen neat) is shown in figure 2(e). A

small amount of succínimide.ímpurlÈy Ls evident from this spectrum. The

infrared spectrum (fO-2¡l solution) gave the value for the most inrense

carbonyl absorption peak as 1670 cor,-l. The infrared spectrrr* (10-1lt

solut{on}'gave:the'walue for'tìe'most Ì.ntense carbonyl absorption peak as
: :r:.,,..,;. .

' L6g7 cm-l and gave the value for the Si-H absorpcfon peak as 2200 cm-l :;'r'';i,';''i"

fle 3(b), ',,,":,,: '

A slnglet et 2.66 p.p,m., a quarÈet at 5122 p.p.m. (J = 3.6 t 0.1 cps),

a doublet at O.70 p.pim. (J * 3.6 t 0.1 cps) and a multiplet centred at

,, 7.49 p.p.[l.r lüêfê found for the proton n¡rtr¡t.. spectrum. The relative areas ' 
.¡,:.,,,:, .:,.,..

ot the peaks were 5.0:1.0:3.3:6,6 and they were asslgned ro the isrNco(ctto)^co 
:::'::';;:r:':

:S1-H, ]SfCH, and C6HrSfj groups respecrlvely.

The mass spectrum (taUte t(a) ) was obtained by vapourizing a liquid

sample.lnto the gas lnlet system ar 130oC t 5oC.
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TABLE 1(d) The ren mosr abundanÈ peaks for rhe mass

4& specËrum of N-(phe*Ï'iii:lli:'ff::iï:åt"'

2L7 68.5
189 52.5
L7 5 40.5
161 31.6
L47 t+7.4
105 42.L99 loo.o77 4z.L
56 57 '92g 100.0

The molecular ion (m/s : 219) ¡¿¿ an abundance of I3.Zy". One

metastable peak ..was found at n/e=I6J.e.

ON OF DIPHENYL}4ETHYI.CHLOROSIIANE POTÄSSTIIM SUCCINIMIDE

Usl.ng the above proeedure, díphenylrnethy!-ch!.orosllane (6.94 g, 2g.g

mmole) stas reacted with potassium succinimide (4.10 g, 29.9 nrnole), was

fllteredrand the T.H.F. and unreacted ptrenyldimethylchlorosllane were pumped

off to yíeld a pale yellow solfd.. The solfd v¡as dissoh,ed in dry benzene,

lnsólüble succlnirnide was filtered off and a white crystalline solid was

gbtained by recrystallization whích was identffÍeil as N-(diphenylmethylsilyl)

succln{mide. (2.04 g, 6.94 nrnoLe, 25%, m.p. BB-9OoC).

Anal. calcd. for CrrHrTNO2SÍ : C, 69.!2¡ H, 5.80, Found C, 68"g5;

H,5.83.

The infrared spectrum GruJol mu1L) is shor,m Ín figure 2(f). The infrared

spectrum (tO-2¡t solution) gave the vaLue for the most fntense carbonyl

absorptlon peak as 1696 c.-1.

A singlet at 2.55 p.p.R.r I síngLet aÈ 0.98 p.p.n. and a rnulÈiplat

centred at .7.34 p.p.llt. were found for Ëhe proton n¡m"r¡. The relative peak
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areas were 4.5:3.0:10.8 and they r,rere asstgned ro th6 :siNco(cH2)2co' :sfcH3

and (C6Ur)rSt : groups respectlvely.

AtteflìFts to purlfy this compound by sublimatlon led to an increase ín

the lrnpurlty peaks found 1n the proËon nofnrr. specËrurn of the sublinate as

compared with the spectrum of Èhe recrystalli¿ed product. SubllmaÈfon sras

carrfed out at 70oC at 10-4ncn of Hg.

The mass spectrum (taUte 1(e) ) r¡as obtained for a sample tempe¡:ature

oí 25 t 5oc"

TABLE 1(e) The Èen most abundant peaks for the mass

glg. 
specËrum of N-(diphenylme hylsilyl)succfnÍmide.

%_Fe 1 a5íve {bundq.rlce

2g5 13.8
zBL 24.L
2BO 100.0
?lB 44.9
L99 27.6
L95 15.5
lgt l2.r
L37 20.799 Lz.L28 ro,3

-Two metastabl-e peaks vIe¡s observed aI n/e=266.1 anð. ZJtl.J.

8E4çI ION OF FHENII,DI}.Í ETITIIIÆHLOROS I I.ANE I.IITH POTAS S TI]M SUCCTNT}IIDE

using the above procedure phenyldrmeÈhylchlorosil.ane (5.10 g, 29.g

mrnole ) rvas reacted with poÈassium succinímide (4.10 g, 29.9 nunole).was

ffltered, and the T.H.F. and unreacÈed phenyldimethylchlorosilane were

pumped off to yield-a pale red solíd, RecrystalLizatlon from dry benzene

yielded a white solíd idenÈÍfied as N-(phenyldimethylsilyl)succtnimide.

(1.38 g, 5.95 mmole, 207", m.p. 47-4go}).

Anal. calcd. for crrHlsNozsi : c, 6L.77i Hr 6.48, Found: c, 62.33i Hr 6.43.
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The infrared spectrum (nujol mull) ls shown fn figure 2(e). The infrared

spectrum (fO-2t'i soiution) gave Èhe value for the most 1nÈense carbonyl

absorptÍon peak as 1695 crn-l.

A singLet aÈ 2.58 pop.rn., a multiplet cenËred at 7.50 prport. and a

sínglet aÈ O.72 p.p.m. were found for the proton nrmor. spectrum. The

:-:: i.:

107,, b.p. 100oc at 10-4mm).

: C, 47.24i H, 5.54. Found: C, 46.73i

relative peak areas r¡tere 4.024.35:5.1 and they were assígned to the iStt[lC"Z_UO,

lsrc.H, and :Si(cHr), groups respecrívely.

REACTION OF DII'IETHYLDTCHLOROSILANE IITTH POTASSTUM SUCCINIMID

Using the above procedure, potassium meËal (3.96 g, 99.0 mmole) was

reacted rçith succinirnÍde (10.02 g, 101 nrnole) tn Z0 ml dry T.H.F. DÍmerhyl-

dlchlorosílane (6,50 g, 50.4 rnnrole) was reacÈed r.rlth the poÈassium succlnimide

(1q-gq. IOI nnrl6ts), was filtered and the T.H.F. and unreacÈed dinethÏlJichLoio-\.J? VJ ó'

silane Btere pumped off yielding a pale yeLlov¡ liquÍd-solíd mixture. The

míxture was dissolved ín dry benzene and the insoluble succinímide was

fíltered off. Vacuum distillatíon of the fllÈrate for four days ylel-ded a

vl.scous clear pale yel.low llquid identifled as n'-(nlsuccinimidodimethylsilyl)

succlnímide. (L.29 gr 5"04 runole,

Anal. calcd. for CrOHr4N2O4Si

H,5.70.

The infrared spectrum (liquid phase, near) is shown tn figure 2(h).

A slnglet aÈ 0.77 poporno and a slnglet aÈ 2.64 p.p.m. Ìrere found for

the proton n.m.r. spectrum. The relative peak areas were 6.0:9.6 and they

were asslgned to the :sÍ(cHr), and rwo -ygttdo groups respecrively.

Thfs compound was parÈicularly sensitive to moisture.
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R EAC_r Ï ON Or MEJHY L9¡NY LD¿CH LOROS r rj{N E r'rr TH ptf AS s r u¡f._s uc c rN rJdI p s

Follorving the above procedure, methylvlnyldtchlorosilane (7.06 g, 50.5

nrnole) was reacted wlth potassium succinirnide (5.01 gn 50.5 rnrnole)o vras

filtered, and the T.H.F. and unreacted methylvÍnyldichlorosilane were pumped

off to yield a pale yeLlow solid-liquld mixÈure. The mixture vras díssolved

fn dry benzene and the lnsoluble succinlmide was filtered off. Vacuum

distillatlon of the filtrate for four days yielded a pale yellow liquid
ldentlfied as l¡ '-(U'-succlnimf domeËhylvínylsf lyl)succínirnide. (1 .34 g, 5.04

. mmole, L07", b.p. 1O0oC at l0-4mm).

No analysis was obtained due to the ínstabílity cf thls compound.

The lnfrared spectrum (neat, liquid phase) Ís shown in fígure Z(L).

The presence of a small amount of succLnlmfde impuriËy can be detected from

thfs specer:um.

A slnglet at 2.63 p.p.m., a singlet at O.B9 p.ponìc and a multíplet

centred at 6.08 p.p.[ì. were found for the proton n.m.f . spectrufn. The

relative peak .are^as were 10"2 :3.0:4.6 and they were assigned to the two

i , , -NCO(CH.){0, :SiCH3 and CtIr.: CH-SÍ i groups ,respecÈively.
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PART ÏÏ

PûTASSITJM prrTHALIlfIpE ANp CHLOROS ILINES

REACTIoN OF YOUSSIW PE$TOXIDÊ r^rIjfH pttrHAr-IÈrIpE

' 
Fol.lowing the merhod of Harmnick and lóekert ItOnah"rrnide (5.4 gn 36.g

mmole) ças rilssolved fn 70 ml ofpentan-1*61 at 100oC and then added to a

soluÈion of potassium ¡r €ntoxid.s 
'in 

60 mls ofpenten-I-sl ar l00oC (made by 
I

.addingpota.ssiummeEa1(2.L5g,55.0rruno1es)to60m1ofpentan-}-Õ1).A

. whfte pr:ecÍpiÈate $tas formed. The mixture was cooled to 0oC, filtered, washed :

q'ith three 20 ml Portlons of anhydrous ethylether and drfecl to ¡r1s1¿ a white

solid identlfied as potasslum phthalirnÍde (5.1 g, 27.6 mmoles, 75%).

REACTLOII 0F 'PmASSrq{ PHTHALISIpE WITH TRl}fETÌryrc}itoRosrrÁNE_

Potassium phthalimide (5.11 g, 27.6 twnoLe) was added ro 50 ml dry T.H.F. :

in a 150 ml , two neckedrround-bottorned flask wlth a reflux condenssr"

TrlmethylchlorosÍlane (2"99 g, 27.6 mmole) r¡as added slowly wíth stirríng.
The reac,tion'ças heated to 6ooc fcrr 15 mínutes, then,cooLed to Ooc, filtered 

,,,

through a sínrered glass filrer (M) and the T.H.F. and unreacred trimechyl-

chl'orosfl'âne !¡ere pumped off to yield a whlte so1ld. The solid was dissolved

fn dry benzene, the insoluble phthalimide was filtered off and a white

crystalline solid r.Ias rccrysÈallized from the filtrate and ldentifled as

N-(trimethylsllyl)phthaltnide (2. 63 g, 12.0 mrnole, 44%, m"p. 65-67oc). '.

Anal. calcd. fo. ClgHl3NO2St I C, 6O.247 H, 5.98. Found: C, 60,4Li

H,6.01.

Molecular welghr calcd: ZLg, Found¡ 209.

The lnfrared spectrum (nujol mull) is shown fn figure 2(J). The fnfrared
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.,
specÈrum (10 *¡f solutlon) gave Ëhe value for the most intense carbonyl

absorption pealc as 1700 cr-l.

A singlet at o'80 p.p.Ír,, and a nultipleÈ cenÈred at 7.69 p.porn.

were found for the proton n.n.r. spectru*. The relaÈivo peak areas $rere

9'.324.o and they were assigned to rhe -sf(cur)o and :si-NcOcÁH^co groups
" J l o (+l

respectlvely.

The mass spectrum (table 1(f))was obtained aÈ a sample temperature

of 33oc.

TABLB 1(f) The fen mosÈ abundant peaks of rhe mass
spectrum of N-(rrtmerhylstlyl)phrhal"ímide

Ulg % &gla_r,_1ve tbundance

205 42.L
204 100 *
161 23.7
16C 100.0
130 92"L .

LO? 95.5
7 6 lg.4
7 S L7'.L
28 zL.L
18 23'7*Off scale

Two metastable peaks were ãbsèrved- at m/e=80.1 and- 125.5. The ¡¡6]6cu1a.r -

l-on at m/e=219 had an abundance of 3.1o"

REACTI O-N. O¡ TRI ETI{YICHIOROSI IÁNE I^IITH PqAS STTIM PHTHALI}fTDE

using the above procedure, trlerhylsllylchLorosilane (8.0 g, 53.4

nrnole) was reacted wlth potasslum pht-halfrnide (10.0 g, 54.1 nrmole), $ras

fllteredrand the T.l.F. and Èhe unreacted Ërlethylchlorosilane were purnped

off yleldlng a lfquid-solid mlxture, Vacuum dlstlllatlon of thls mfxture

ylel.ded a clear colourless ltquid ldenÈlffed as N-(trieÈhylsilyl)phthalimide

(4.3 g, 16.5 nrnole, 48 %, b.p. Ll2oc at 10-2rrn).
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AnaL calcd. fot c¡.4HlgNo2si z c, 64.32¡ Ho r "34. Found: c, 64.063

H, 7,34.

The infrared spectrum (neat, Liquid phase) is shown in flgure 2(k). The

fnfrared spectrum (tO-2¡l solutlon) gave the value for Èhe most intense carbonyl

absorption peak as 1701 
"*-1.

A slnglet at '1.00 p.p.n, and a rnultlplet cenÈred aÈ 7.23 p.p.m.
(relative Èc internal chloroform) were found for the proÈon ïlrtnor¡ spectrum

(10 mole percent solution). (rtg s(a) ). The relatíve peak areas were

L5.4:1r.0 and Èhey r.rere asslgned ro rhe (cHucHr)rsr - and ittt*u%jo groups

respeccll'ely. The proÈon n.m.r. (neat, liquld phase) spectrum for a 50 cycle

scan tsldth of the singlet assigned to the -sí(cH2cH3)3 erouR revealed rhar

the síngleL was unsynrnetrical" (rig s(b) ). The proton ¡,m.r. spectrum (10

mole percent solutlon in deuterated benzene) of the -si(cH^cit3)3 group on

50 cycle sean widrh gave a mulripler. (fig S(c) ). A 50 cycle scan of rhe

phenyl ¡rrotons gave two seÈs of peaks that were mirforímages and separated

by approximaÈely 9.6 c.p.s. (fig S(a) ).

Using the above procedure, dimethylchlorosilane (3.3 g, 35.1 nrnole) was

reacted with potassium phthalimide (6.46 g; 34"9 rmnole)o was filteredland
the T"H.F. and unreacted dlmethylchlorosilane r-rere pumped off yieldfng a white

solÍd. Recrystalllzatlon from dry benzene yielded a rr¡hite crystali.ine solid
ídentifled as N-(dimethyl.sf r.yt )phthaltmide" (4.6 g, 22.4 mrro¡e, 64%o m.p. 63-

650C). _

Anal. calcd. for CrOHrllIO2Sl : C, 58.51; H, 5.40. Found: C, 58.71; Hr 5.03.

Molecular wefghr calcd: 2A5. Found: Lgg
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The Í.nfrared spectruru (nujol null) is shown ln figure 2(1). The infrarecl

spectrum (tO-2t¡ solution) gave the value for the most inÈense carbonyl

absorpÈfon peak as 1706 
"--1. 

The infrared specttrrr (L0-1M solution) gave

,,1 the value for the mosÈ Lntense carbonyl absorptlon peak as 17IO cm-l and

gave the value for !(si-H) as 2188 crn-l (fre s(c) ).

A doubtet centred at 0,50 p.p.m, (J : 3.4! 0.1 cps.). A septet centred

.: at 6.58 p.p.mn (J:3.4 t 0.1cps), and a multiplet cenÈred at 7.72 p.p.m"

: were found for the proton n,rt.r. spectrum. The relative peak areas were

, 7.8:1.0:5.4 and Êhey were assigned to Èhe :Sf(CH3)2, !St-H and -Sí[OCOþ$O

gfoups respecÈively.

R E{CT-LQN 0F_ALtytÐ IMETHYICHLoROSI LANE_IIITH POTSS S¿UM pHTHArrMrpE

I Uslng th.e above procedure, allyldimethylchlorosllane (4,56 g, 34.2 r.vrmo!-e)

l was reaeted with poÈasÈium phthallmide (6.34 gr 34.2 nrnole)o was fi.lÈeredo and

i the T.l{.F. and unreacted ai.lyldimethylchlorosilane srere pumped off yieldíng
l

a whlte solld. Recrystalliøation from dry benzene yíelded a whlte crystaLline

solLil iöentifieil aé.N-(allylilirnethyl.silyl)phthalimide. (4.5 g, .L8.4 nrnole,
. ..:

55%, m.p. 2T-29@C).

Anal. calcd. for CrrH15N02Sf : C, 63.65; H, 6.16. Found: Cr 63.86¡

H,6.20.

The lnfrared spectrurn (nuJol mull) Ls shor,m in figure 2(n). The lnfrared

specÈrum (fO-2lt soluÈLcn) gave the value for tbe most inÈense carbonyl

absorpÈlon peak as L694 c*-1.

A úultipleÈ centrcd aÈ 1.97 p.p.n., a multiplet centred at ,7.86 p.p.rn.,

a multlplet cêntred aÈ 5"77 p.p.lrtr.e â rnultiplet eentred at 4"86 p"p.m. and

a singlet aÈ 0.46 ¡r.p.m. were found for the proton n¡fir,rc spectrum" The
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relative pealc areas ttere 2.224.6:1.0:2.0:6.4 and they were assigned to the

CHA: cH-cHtSr:, isrïcocóHrgo, CH2 : cH - cH2 - Sii, ffiZ = cH - cHz - si:,
and :Si(cHr), groups respecrively.

''ì RE4CrroN -oÃJBTENYLqETI{YIÆELOROSI_IANE Wr_qL porASSilrM PrrrrÌALIMrDE

Usfng the above procedure, phenylmethylchlorosiLane (5.00 g, 32.0 nrnoles)

was reacted with potassium phthalÍmtde (6.09 g, 32"8 rmnole) r¡as filËeredrand

the T'H'F. and unreacEed phenylmethylchlorosílane Ì{ere pumped off to yield
: a whfte sol1d. RacrystallizaÈlon from dry benzene ylelded a white crystalline

solid ldentifled as N-(phenylmethylsilyl)phthalirnide (5.s2 g, 19.6 rnmole, 64%,

m.p.226-2Tgoc).

Anal. calcd. for cl5H13N02sí : c, 6r.3g3 ri, 4.90. Found: cn 6r.65;
H. 4.67.

The infrared spectrum (nujol rrut.l) is shown in fígure 2(n). The infrared

' EpecÈt,rt (10-2M solutíon) gave the value for the most inËense carbonyl

absorption peak as 1707 "r-1. The Ínfrared spectrurn (10-11{ solutíon) gave

:: gave the value for rhe si-H srrerching band as 2Lg4 cn-L. (rig g(a) ).
': A mul'tiplet centred aÈ 7.68 p.p.m., a quartet centred aÈ 5"3g p.p.m.

(J: 3.6 T 0.1 cps.), a multlplet centred at 7.3L p,p.flì. and a doublet centred

at 9.82 p.p.m. (J = 3.610.1 cps) r.rere found for the proÈon norner-n specËrnm.

,,:,:r The relatlve peak ar6as were 1.0t2.9¿9.3: and were asslgned to the:SÍ-H,

=Si CH3 groups and the nlne protone of the :SiCUH5 and ttydlao groups.

The rnultlplet centred at 7.Jl p.p.m._!ras assigned Ëo the si -c6H5 group and

the muLtlplee ar 7.68 p.p.m" wa!¡ assrgned ro rhe srWHggO groups.
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EEACTION OF PHEIWpI¡æTI{YIÆHLOROS ILANE }LITH POTA.S S IrÌM PHTHALTMID E'

Using the above procedure, phenl,ldtmerhylchlorosilane (5.72 g, 33.6

mmole) was reacted wiÈh poËassium ptrthallmf de (5.72 gr 30.9 nunole) was

,' flltered, and the T.H.F. and unreacted phenyldinethylchlorosilane were pumped

off to yíeld a white solfd. Recrystalllzation fron dry benzene yielde<l a

whíte crysËa1l1ne solld identifíed as N-(phenyldimethylsllyl)phrhalimide.

(3.4\ g, 12.I nrnole, 40%, m.p, 87-B9oC).

AnaLcalcd. for c16Hl5No2si : c, 68.30; H, 5.37. Found: c, 68.4li Hr 5;5g.

' The fnfrared speetrum (nujol rnurl) is shown in figure 2(o). The infrared

spectrum (tO-2u solution) gave the value for the mosg intense carbonyl

absorption peak as 1695 c*-1.

i A multiplet centred at 7.74 p.p.m., a multiplet centred at 7.37 p.p.m.

I and a singlet at O.B7 p.p.m. vrere founcl for -the,protcn neur.r¡ spectrun. The

i relatlve peak areas ltere 8.d:6.0 and they wère assigned to al1 the phenyl

protons (9 rn all) and the lSi(ctir), group respectívely. The nultipler
centred at 7.37 p.p,n. vas asslgned to the !SÍC6H5 group and the mu!.tÍplet

centred at 7,74 pop.In. was assigned to the phenyl protons of phthalÍmf.de.

The rnass spectrum (taUte t(g) ) was obtalned at a sample ternperature of

23 t 5oc.

TABLE 1(g). The ren most abundanr peaks for the mass spectrum
of N- (phenyldinerhylst lyl ) succínimtde.

Ele @
268 32.5
267 100.0
266 100 *
222 g0.B
20t+ 72.L
203 32.6. 195 24.4130 100.0
102 gg.g

7 6 zz"L,cOff scale
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The molecular lon (n/e : 281) haa an abundance of 10%. Three

rnetasEable peaks "u"" observed. at m/e=185.7r25L,! and. 80.1.

RE¡CTÏ 01L O_F Ð I PHENYI¡{gImILLC-HLOROS l LANE trITH POTAS S IUM PHTHALIMID E

Uslng the above proeedure diphenylmethylchlorosllane (8.1 g, 34.9 mmole)

was reacted wlth potassiunr phthallmfde (6.6 g, 35.6 nrnole), was filteredrand

the T.H'F' and unreacted diphenylmethylchlorosllane v¡ere pumped off to yield I

awhlteso1id.Recrysta11izationfromdrybenzeneyie1dedawhitecrysta111ne
l

soLtd identíffed as N-(dlphenylmethylstlyl)phthaliroide. (5.t+ g,15.1 mnole,

46%, m.p. 109-111oC).

Anal" caLcd. for CrrHrTNO2Sí.: C, 72.48i H, S.ll. Found: Cn 72.7Oi

H, 4"79.

The iníi-areti speci:rurn (nujoi rrt¡ii) is shown 1n figure 2(p)" The infrareri

i spectru* (10-2M soultfon) gave Èhe value for the most lntense carbonyl

absorptíon peak as 1713 c*-1.

A sínglet at 1..25 p,p.m., a rnultfplet centred at 7.52 p.p.m. and.a

rnulËlplet centred'aÈ 7.85 p jp.m. rrere found for Èhe proton n.fir.r¡ spectrum.
1

The relative peak areas were 3;0:13.8 and they were asslgned to the :SÍCH3

grouP and the phenyl protons of the ruolecute (t4 in all). The multiplet at :

'ì.Ei p'p.m. was assfgned to the phenyl protons of phthalfmlde and the multlplet

at J.J2 p.p.m. r{âs assigned to the :Si(C6H5), group.

, The mass spectrum (ta¡te t(tr) ) was obtalned at a sample temperature -'.

of. 25 Ï 5oc.
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TABLE 1(h) The ren mosr abufidanË peaks of rhe mass

4&
329
328
266
222
148
130
105
104
L02
76

spectrum of N- (dtphenylnerhylstlyl )phrhallmide.
7" R.elatfve Abundance

28.6
100.0
39.3
8.9

10.7
52.6
14.3
8.9

32.2
L2.5

Three metastable'pgak¡ were obse¡ved at'm/e=Bo.Lr24r.! and- 185"1.. The

moleculan ion at 
^/e=343 had. an abutd.ance of 7.L{,.
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PART IIÏ

HEXAMETHYLDISIIAZANE AND THE IMIDES

RE¿,çTION OF HAXAMqTT{YLDISILAZANE I^TITII SUCCINIMIDE

. Succlnlnfde (2.54 g, 25.4 nnrole) was added to 100 mls of dry T.H.F. ln

a 150 mle round-bottom, two-necked flask flÈted wfth a reflux condensor.

, Hexamethyldisilaãane (3,84 g, 23.4 nnnole) was added. The reactfon was

refluxed and sEfrred at moderate rates under dry nitrogen for 6 hours. The

T.H.F. and unreaeted hexarrethyldlsiLazane were pumped off yfeldLng a solid-

llquid mixÈure. Vacuum distillation yielded a colourless clear llquld

ldentlfled as N-(trlmethylsilyl)succlnimide. (1.1 g, 6.4 mmo1e, 25"/., l2OoC

at 10-2 rnm)" The infrared and proton D¡Íloro specÈra of this compound were

fdentlcal to- those of the N-(trlnethylstlyl)succinlmide prepared by the

reaction of potêsslum succinlmide and Èrimethylchlorosilane.

REACTION OF HEXAMET}IYI,DTSII,AZANE !¡TTH PITTT{ALIMIDE

us1ngtheabovept'ocedu1e-phthatimíde{.3.68E;.25.0rwrro'1e)was¡eacted
:l with hexamethyldisilaaane (3,78 g, 23.0 rmrole), the solvent and hexanethyl- ':;;,::;.

:, disilaaane lrere purnped off to yield a white solld. RecrystalllzaÈion from l,

dry benzene yielded a whíte crystaLlíne solld ldentified as N-(trlmethylsllyl)

phthalimide. (2.!4 gr 9.7 mnole, 387", m.p. 65-67oC). The fnfrared and proton

. n.Íì.ro specÈra of thís compound were ldentfcaL to Ëhose of the N-(trímethyl- i:,:..-
:,.

sllyl)phthaLlmide prepared frorn the reactlon of potassium phthaltmlde and
:

trf methylchloros I lane.
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PART TV

PI{YSICAL PROPERTIES OF THE MAlERÏAI,S

SUCCINIMIDB

. The lnfrared specÈrum (nujol mull) rs strormn in figure 5(q). The infrared

spectrum (tO-z¡l solutlon) garre the value for the mosÈ lntense carbonyl

absorption pealc as l7L7 .t-1.

The mass spectrum (taule t(f ) ) was rufr ax 25 t 50C.

TABTE l(f)

E&

100
99
7o
56
55
2B
27
26
1B
L7

PHTHALÏMIDE

The ten most abundant peaks for the mass
spectrum of succinimide.

% Re I. a.Èiwe-3bundance-

5.8
Ito"0

5.8
6L "6

8"1
.7 4.5
10" 5

8.1
30.1

5.8

Tbe infrared spectrum (nujol mull) f-s sl-rovm

spectrum (fO-2t¡ solution) gave Èhe walue for the

absorption peak as 1736 cm-1.

The mass spectrum (table 1(j) ) r'ra.s :trtlrl at

l-n ffgure 5(r). The infrared

mosÈ intense carbonYl

25 t 5oc.

CHLOROSIiANES

]n table 2 are llsted E---lues of the chlorosllanes used as

starÈfng materfals. The 6-*rrlrres are re!-aÈl-ve to lnternal chloroform and

obtaíned for 10 mole percent solutio¡rs årr. úe,uËeraËed chloroform.
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The ten most abundant peaks for the mass
spêctrum of phtha1lmlde.

7. Relatf ve_jbundance

5.9
49.s
94.r

100.0
51.7
64.7
12.9
11 .8
58.9
4.7

148
L47
105
104
103
76
75
74
50
28



TABLE 2.

COMPOI'ND

(ctr3 ),srct
(cH3cn, )3sic1

(ctt,)rnsrct

cuH, (cu, )rsrcl
(cunr, )rcursrct

c6Ïr5cH3HSic1

cH2 = cH-cH2(Gr3)rsrct

(cu3 )rsrcr,

CHZ : CliCH3SfCL2

6(pp*) values

Irl.if
I

cH3

0.53 s

for R groups of chlorosilanes

'' :

5 (P"p.'n. ) R

cH3cH2 coHS

0.59 drJ:3.1

0.75 E

1.01 e

0.BB d, J:3,3

0.51 s

J.89 s

0.95 s

CBC13 wa"e nsed as the lnte¡rr&I stal¡d.e,rd.,

0.95m

used as startÍng rnaterials.

4,gO 5eP', J=l.I

7.36m

7.60n

7.5Sn 5.39 q J:3.2

CHe = CH

cHa cH

cH2 =

6.08m 6.18m

eosin glct r drdoubret, nruultiprct, q-qnartct and aop-soptet .

cHe

CH

CH

- cH2

cHe

1.87m 5.83m 5.19m
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RESULTS ATID DISCUSSION

PART I

INFRARED SPECTRA

STRUCTTAE C0NFIRI'ÍATIpN By INFRARED SP_ECTRA

NormaLl¡', an infrared spectrum can be separated lnto Èhe fíngerprint
region and a htgher frequency, region. For organic cornpounds only the higher

frequency regíon ls particularly useful for structure determinatlon. However,

for silicon containing compounds the fingerprfnÈ region is also quite useful

for this Purpose because absorpËion bands due to bonds between sÍlicon and

carbcn atoms are about five times more lntense than the Íntensity of the

analogous organic bond absorption bond* 
82 , Therefore, for rnany Si-R linkages

(n = CU3 , C6H5 , C2H5 , eÈc.r) characterisÈic absorption bgnds have been

fdentÍfied ín the fingerprinÈ regfon. I,loreover, in some cases these bands vary

in such a way that sí-R, sfR2 and sfR3 (R: cH3, I{, and cuHr) groups may be

distlnguíshed from one another.

In general the sillcon-carbon stretching vibraÈions occur between 900' , 82-RÃ
and 690 cm-l . For the -Si(cH3), group two characÈeristlc absorprton

bcnds have been found for the stretchlng of the Si-C llnkage. They aoou.r

near 756 c*-1 tnd near 844 cm-l Bz'€!> 
. These absorption bands are found

to vary liÈrLe wlth rhe fourth subsÈítuent on silícon 8, . For N-(trimethyl-
silyl)phthalinr:Lde two bands were found, one at 857 cm-l(s) and one at 756'cm-l
(ms). Phthalimide showed no absorptlon bands for efther area;

For [l-(trlmethylsilyl)succinfunide two bands were found, one at 850 "*-1(") and

one a! 764 cm-l(m). succfnlmide, however, shows two absorptlon bands aÈ 840

and 822 
"*-l(*s)" succlnfmide shows no absorption band.s near T60 cm-l,



Therefore, the lnfrared spectra of these two compounds conflrms the presence

of the trimethylsílyl group.

For the Sl-C stretch in the:S1(cH3), group one absorptlon band is observed

near 800 cm-l 62-84'86'87 and another is observed near 700 cm-l 86. The

posítion of these bands, however, can shift by a large amount <lepending on the

nature of the tv¡o other substituents on silícon 87 . Also the band near

700 cm-1 is not particuLarly useful for sEructure determinaËion because alLylo
phenyl and ethyl subsriruenrs absorb fn rhis regron e4 . For N-(dimethylsiryl)

succinir,,¡ide a band at 780 
"*-1(r) and a band at 661 c*-1(**),,iere found. For

N-(nt-succínimidodímethylsllyl)succinÍmíde a band ar 810 cm-lf.mwrstr) and a

band at 700 cm-l(mrnrrsh) were found. Succinimide shows no absorption bancls in
the 780 cm-l region and the band that appears ar 639 crn-l is accounÈed for in
bT-(dímethyfsifyf)succintmíde by a peak at 643 cm-1(n,)"

N-(dimethylsf lyl)phrhalimide a band at 775 em:L(m) and rhree bands;,,673 cm-l
(mw), 660 em-l(w) and'650 cm-l(w) çar" found. Phrhalimíde has only Ëwo very

weak bands near 800 cm-l but ít has two bands ar 668 
"*-1(*) and 643.*-1(*).

Because of the cornpl-exity of these molecules these assignments

may be due to other modes of víbration. Horvever, their presence does noÈ

contrad:'-ct the structures proposed. OÈher molecules prepared have the :Sf (CH3)2

group but due to the presence of other substitueills r¡hich would inÈerfere no

asslgnments are made to the frequencies thaÊ appear in the expecÈed regions.

For the Sl-C stretch of the group ;SíCH3 only one absorpÈíon band is
observed near 800 cm-l õ1184186 

" Ebsr.rorth et a1., 37 found for cønpounds

of the type (cit, ' éi ' Hz)nx rhaÈ Ëhis band appeared near 750 cm-l. This

absorption band fs sensitlve to the oËher subsÈltuents on siLícon and therefore

can be expected to vary alot. Therefore, it is of f.ittle use in srructure

identfficaÈion unless the compounds are very simpLe. All the mono methyl

For
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derfvatlves prepared in this work exhlblted a band ln the 800 cm-l region.

l'or all of these varlous methyl substftuted compounds there appear a

number olî other absorption bands due to the CH3 group on silicon. In general,
they are the sl-cH, deformation or rocking víbration near 1260 c*-1, Èhe C-H

bendfng vlbrations near 1412 cm-I and the C-H stretching vibrations near

2959 crn-l &2'¡F,4. The fntenslty of the c-H stretching vfbratlon is normarly

three to four times thaÈ found ln analogous hydrocarbon compouncls 
'u, 

. The

defonnation or rocking. vlbraríons of rhe groups :Sf(CH3)2 and iSi(CH3) remaín

almost constant at 1259 cm-l .regardless of the other subsÈituents on silicon
ô.?ut 

' The SÍ-C stretchíng vibraÈion of a SÍphenyl línkage absorbs near L42T

c*-1 and therefore confusion can aríse in thls assignnnent if the molecule

contaíns both a rnethyl and a phenyl group linked to the same silÍeon aÈon 85 .

The C-H bendíng vibratlons are fairly constant ín solutlon 86 . The deforrnatíon

or rocking wtbration of the -sl(cttr), group is somewhat lower being founcl near

1250 crn-l 84 
.

For the phthalimide derivatives rhe bonds assigned ro rh-e c-H bending

vlbratlons all occur in the region 1415-1399 cm-l. None of the
c-H stretching bqnds are noted sfnce all of these comþounds except N-(triethyl-
silyl)phthaltmide were run as nujoL mulls. The sf-cH3 rocking or defonnaÈicn

vibraÈions lrere found in the region L247-LZS4 cm-ln For these

compounds the s1(cur)t and sicH, groups are lndistinguishable from rhe si(cirr)3
group on the basís of this vibratlo¡r.

For the succinirnide derivaEives the region near 1412 cm-l has a number of
peaks present' however sucelnímide itself exhlbits a number of absorptlon bqnds

1n thls reglon. Therefore, no asslgnments can be made.
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For the C-H stretching víbraÈions the specÈra run as liquid fílms give

two bands, one near 2950 c*-1 end one near 2916 cm-1. Succinirnide absorbs

in the reglon 2946-2855 
"*-1i 

therefore the higher bend is due ro Èhe C-H

stretch of the methyl groups on silicon only. The disuccinlrnides show broad

absorptions orrly around 2950 cm-l" The Sí-CH3 rocking or deformatfon modes

of wlbration were found in the region L24L-L266 cm-l with most near L250 cm-l.

Again the Si(Cttr)3 group cann€t, be distínguished from the Si(CH3)2 or SÍCH3

groups on the basls of thfs absorption band. The bands of all the dÍmethyl

derivativês except N-(dimethylstlyl)succinírnÍde aÈtrlbuted Èo this mode of

vlbration rvere split into doubleÈs.

In general it can be noted{con the above that the most eerÈaí-n indícatlon

of a Sí(CUt)r, (n:1r2r3) group ls the presence of an absorptfon band near

1250 crn-l. Although the Si(CH3)3 Sroup can not ín the case of these eompotrnds

be distinguished from the sicH3 or si(cHr)r groups on rhe basis of the

absorptíon band near 1250 "*-1, iË can be distinquíshed by the presence of

the two strong bands near 850 cm-l and 750 cm-l.

In generai. the Si-CZH5 group exhibits the following characteristic

absorptlon bands, an asymmetric CH3 bendíng band at 1462 cm-tt a CH, stretchÍng

band a.t 1412 cm-'l, a synmetric CH3 bending band at 1377 cm-l, a SÍ-CH,

deformaÈion band at 1238 cm-l and a c - c stretching band aÈ 1012 "*-1. 
A

furEher band which í.s noÈ rvell defíned found near 746 
"*-1 

*ry possibly be

asslgned to the CH, rocking band B3,B5rBB'89 . For N-(trlethylsilyl)succinÍmide,

the followlng absorption band were found, 1457 cm-l(mv.r), 1404 cm-l(mr^r), l3B0

c*-l(n,*) e L24L 
",n-1ç*¡ 

and 1002 "*-1(*). Also rhe C-H strerching bands ar:e

very inÈense (frg Z(U) ).

For N-(triethylsilyl)phthallmide, the following bands were found, 1455
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-I -cr-t(**), 1400 c*-1(or), l35o "*-1(rr) , Lz3g 
"*-1(r) and 1006 

"m-1(*r) 
.

Again, the C-H strþtching bands are very intense (fig Z(k) ). For Èhese

cornpounds two features appear to be distinctive of the presence of a ÈriethyL-

si1yl group. These are the intensity of thã C-H stretchíng bands and a value

for the Si-CH2 deforrnation band r.rhich is lower than the methyl substítuÈed

s1lyl groups. In studles 8Br89 concerníng Èhe usefulness of disÈinguishing

between methyl, ethyl and hígher chain alíphaËfc substituents by use of the

Si-CH2 deforrnatlon band, it has been found thaË care must be used since specÈra

:-::'.',. conditions can shif t this value. 
,:.,:

In general the most dlstínctl-ve Si-phenyl absorption bands appear at

1429 cm-l and 1126 "t-1. The 1126 crn-l b"r,d is somerimes split inro a

doublet nhen two phenyl groups are attached Lo the same sfiicon ¿¡ o.,85,84 .

Harvey et alr, uo lists the fol-Lowing absorption bands as due to the sí-phenyl

r group ín alkylphenylsílanes ; L595.*-l{*), 1486 "*-1(r), 1431 "*-1("), 1186 l

l-

c*-I(n,), 1116 cn-l(vs), L025 cm-l(¡n) and 980 cm-l(w). Two more bands are 
i

fbund' by Young 
"a "1', 

85 as also being characÈeristic. They are a band near

737 c*-1 and a band near 699 cm-l, Rlchards and rhompson s6 síte the region
I .l : r..': '.:

',,, near 750 "*-1 "" due Èo the íntense bending vibrations of Èhe C-H bonds of the .'.r,ì,.

l, phenyl substituenÈ. The two bands usual-ly found near 1420 cm-l and'1585 cm-l ,",,',

probably correspond to the pair ofbands near 1500 and 1600 cm-l which normally

occur with aromatíc hydrocarbons and simple substituted benzenes 
84 

.

.,Ì For all the phenyl substituted compounds except N-(phenylmethylsilyl) .: ::.' : ::' phthallmíde there appear Èwo bands near 1595 c*-1 rnd L4B7 "*-1. 
:: '

The band near 1487 "*-1 t, not found for N-(phenylmethylsilyl)phrhalimide. ït
Ís probably rnasked by Èhe nujol absorption band fn Ëhls region. All the phenyl

subsLiÈuted ccmpounds exhibit a sharp strong band in rhe region 1430
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cm-l. This band appears to be the most distlnctlve of the Si-phenyl group

for these compounds. The band near 1186 èm-l ln these derivatives can be due

to the phthalimldo and succínimido groups. OnL1, the phenyl derívatives of

sttccínfmide sho¡¡ a band near 1126 cm-l. Only the phenyl derivaÈives of

phthalímide shorv a band near 1116 "r-1. A number of bands appear in the L025

cm:l and 980 cm-l region for aLl the derÍvatives, therefore, no assignnenÈs

can be made. This region does not appear to be very useful for ídentifyíng

phenyl derivatives. The sltuaÈíon appears to be the same for the 740 cm-l

and 699 "*-1 regions .

For the Sf-vinyl group the follor+ing absorption bands Werc found by
.A?

Shull et al.o-'_t

:,

::.....",,'.:.. :,:. 
-'..: 

: : :":1,

for vÍnyltrfchlorosílane; a CH, asynrnetrical stretching band

near 3081 c*-1, a c-H stretching band near 3002 c*-1, a symnetrícal cH2

stretching hancl near 2970 c*-1, a C : C streÈching banC near 1605 c*-1, a

deformation band near 1407 &-1, a cH bending band near 917 cm-L, and a c

CH, Ëwlstíng band near 611 "t-1. The absorption bands for rvhích no other

asslgnments l¡¡ere possible f n N-(Nt-succinlmidovinyl-methylsllyl)succinimide

vrere 3066 cm-l(r¡), 1585 cm-l(w) and g93 cm-l(m).

From the spectra of (cHr: cl{cH2)o-r, stxn (n:0rlr2r3) rhe following

bands apPear guite clearly associated wiËh the allyl group; they are flve
bands between 2gOO and 3100 "r-1 ar,d ten bands near 1645 , 1244, 1163, L042,

985' 930' B90r 806' 7go, 
"r,â 

775 "*-1 
ffi . For the mono allyl dertvative rhe

bancls at L244 and 1163 .*-1 b""ome one band near 1220 cm-l, the bands at 930 cm-l

shfft towards the band at 890 "*-1 b""*,ing a shoulder, the band at 806 cm-l

becomes very small and the bands near 790 cm-l and 775 cnfL shlft to 770 and

757 cm-1 respectively. Thompson and Torkfrrgaor S9 
have assigned various modes

of vibration to some of these bands. For N-(allyldimethylsilyl)succinimide



two bands can be found to be specifically associated with the allyl gïoup.

T'lrey are one band et 3086 "*-1(*r) and one at 16t26 
"*-1("). only one band

at 1628 
"*-1(*ro) can be found for N-(allyldirnethylsllyl)phthalimide which

is assoclateC with allyl group. Correàpondlng bands can be found in the rest

of spectra but due to the number of absorptlons any assigffnents would be

ambiguous . ..

Silicon hydrogen stretching absorption bands are quite dístinctlve since

they are l.ntense. They appear between 2100 and 2200 cm-l 36'90 . N-(phenyl-

methylsílyl)- and N-(dimethylsilyl)succinimide shorv Si-H .stretching bands at

2203 cm-l(m) and 2190 cm-l(m) respectively. N-(phenylmethylsilyl)- and

N-(dinethylsilyl)phthalimíde shor,¡ Sl-H sÈretchlng bands at 2L97 cr-1(*) and

2205 cm-l(m) respectívely.

SilÍcon_nlÈrogen absorpÈlon bands vary over a wíde range. In generalo

from the reports surveyed it 1s concluded that couplíng and rnixing between

various modes of vibratlon can cause r^ride variaÈion ln the position and the

intensity of the Si-N stretching frequency. In conpounds rvhere two nitrogen

atoms are.joined to a síngle silÍcon atom in a compound two bands appear near
-1

837-860 crn-' and 786-782 cm-l v¡hich are attributed tollasyn (tq-Si-N) and

ysyrn(n-si-il) respectively 91 . For compounds of the Èype R3siNH2 (R :

C2H5r n-C3li7r n-C4H9, 1-caH7, C6H11, H)rV(si-n) varíed berr¡een 824 and

857 cm-l 9r-9t . For compounds of Èhe Èype R3siNRtR2, .y (síN) probably

lies around 700 cr-l and is often shlfted by mixíng 93 . The value of
'/(SiN) for the cornpound (ctt3)rsinHc6H5 r¡as 899 crn-l 9-7 . For rhe

compounds prepared 1n this work no assignments of bands were made for the

Si-N stretching vibratfon because of the obvious confusion that exlsts.

^ê.11 the compounds prepared in thís work exhíbíted tluo absorpÈion bands
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1n Èhe carbonyl group freguency region.

vibratlonally coupled symmerrtc (I) and

94-96 of rhe tv¡o carbonyl groups,
0

1/t_c
\ i{-

-ç/r\\b\b

T

These two bands are due to Ëhe

antfsynuneÈric (II) nodes of vibration

îlf
-t/\ N

/

4\
TI

In succinlmide rhey have the values L773 crn-l(s) and 1695 cm-l(srbr)
respectl-vely. rn phthaLlmide rhey have rhe values 1771 "*-1(s) and 1750

-1
"* 

^(srbr) respecËively. The intensiÈy of these two absorpÈlon bands varies
dependíng on the sÈructure of the molecule. If the two carbonyls are fn Èhe

same pLane buÈ have their dipoles aligned opposite to one another there wlll
be no peak due to the s)¡nmetríc mode of wibration Even if there is intense

vlbrational coupling beÈween Èhe'Èç¡o. Slmílarl1y, Ëhe vibrational eoupling

and hence the spLíttlng of these two peaks depends on the strucrure of the

molecule" 0f Ëhe factors affectlng Èhe coupling, the mosÈ inportant is Èhe

angle between the carbonyl groups. rf Ëhe carbonyl groups are coprqnar

lnteraction will be at a maximum. lf the carbonyl groups are at right angles

to one another interaction will be at a mÍnlrnum. Slmilar to the anhydrides,

the higher less intense bond 1s assigned to the syrnmetric mode of vibration
and the unsJnîmetric mode of vlbratíon fs assigned Èo the lower freguency mors

lntense absorptlon bdnd 94 ".

For the succlnímíde derivatlves prepared the two modes of vibration were

spLlt by 66 Ï 6 
"*-1. For the phÈhalinide derivarlves prepared rhe Ëwo modes

of vibration r¡ere spltt by 50 t z .*-1. As is sho.^rn in f,igure z(r,p) two of the

phÈhalÍmíde derlvatlves sho¡.¡ more than two bands in the region ITXO-L770 
"r-1.
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The ciearer exampre is N-(diphenylrnethyrsilyl)succinimide,(fig.z(p)), The

mu-ltiple absorptj.on bands in this::egion for these compound.s oould be d.ue

to molecula:: association in these rnulls.

Three concl-usions can be drawn..fron--these results:(l) The carbonyls

are at a small angle to one another: since tire splitting is very larg".(2)
The carbonyl d.ipoles âïe not aì-ignecl opposi'be to one another because both

(

bands appear,but the dn8le can not be rarge since ihu inl,ensity of the\
'Jantis¡r¡¡¡¡stric band is greater than the intensity of the symmetric band.

(3) tlle'appearance c¡f the two band.s j-n these spectra is concl-usive evidenct¡

tha.t O-silJ'lation ha.s not taken place. Abs ence of the N*H stretching band_

ín these spectra alone is not su-ffj-cient proof against O-sily-ì-ation since

N- and O-silylatÍon could. ha.¡e bcth occurred.
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PART II.

COP.RELATIOTS Ot'y(C:q) Æ,¡D Z(Si-H) WITH T¡rr,,ì Err,neq,pôNr

From table 3 it can be seen that y asyú,C=o) of the silylsuccinimi.d.es

and phthaLimides are lower rhan Zas¡41ç:0) of succlnimÍde and phrhalinide.

TABLE 3"

E
H
Me3Si
Et3Si
AlMe2Sí
ÉMeHSi
9,2I4eSí
þYIe2Sr
Me2HSí

y asyn(Go)ry!(cna ).:go( cm-l)
L7t7
1689
1685
L696
1670
L696
1695
Lt t7

v esw (c=o)$llÇrndo(cm
L7 36
1700
t707
L694
L700 .

1703
L695
L706

-1)

Ma¡rr €-r+rrc couLd effect Vaç:v-a(æC) of these noLecules .¿-e¡.r -*--Jrc cou!.d effect vua=-,m(æC) of these noT.ecules 83r97

They are:

a), eLectronegatlvity of adJacent atoms or groups (inductfve effect).
b). resonance.
c). fields.
d). vibraÈional eoupling.
e). changes in the force constantg of adJacenÈ bonds.
f). phase changes or association.
g). hydrogen bondfng.

, h ). solvent ef f ectls.
1). mass and angle effects.

Effects (e), (h), and (i) can be neglecred. The solvent and concentratlon

rqere the same for each compound. A change of mass of an atorn adjacent to the

carbon of a carbonyl group will effecty(FO) but even this effecr will become
onnegligfble r.rhen the mass of the atom is greater than 12 ¿v 

. It is knov¡n

thaÈ as the xcx angle of XCOX changes there wlLl be a corresponding shíft in
-ooV(c:o) J't 

' Hourevern the rfng slze of the molecules prepared has not been

altered. Therefore, thelr geometry will remain the same and no change Íny(6=0)

/ asym(c:o) of -Tg*¿jo and RNcocÁH4co



of this compounds should occur. The change

molecules is connscted to Èhe change úú the

e:pected to affecL V(C:O) 
100 

.

in the force constant of adjacent

angl.e XCX and as such v¡ill noË be

As has already been outllned víbrational coupling of the two equivalent

carbonyls has led to splitting of the single e¡pected absorpt,ion band. Also

1t has been noted that the posítiorr of Èhese two bands wíll be sensitive to the

geometry of the moLecule. For the series of compounds prepared no strucÈural

changes in the rfng contalning the carbonyls Ís e¡pected and therefore no shift
iny(eo) qrtll be expecÈed from compound to compoúnd due to this effect. other
vibrational coupllngs could occur between the carbonyls and adjacenË bonds lf
they have símilar vibratlonal frequencies. However, Èhere are no adjacent

bonds which absorb ín the same region as the carbonyrs,

The effects of assoclation can not be predicÈed very well, horvever, they

normally do not lead to large shifts excepË ín the case of strong hydrogen

bondíng 101 . There is no indicatlon in the case of the succinimide derivatíves
that associaÈion talces place; For the phthalÍmides, however, associatíon
probably occurs for concentrated solutions as in nujol rnulls or in the pure

phase. EvÍdence for association ln the mulls is exhlbfÊed by the infrared.

spectra of N-(diphenylmeÈhylsílyl)phthalímide which extribÍts more rhan two

absorption bands 1n the carbonyl absorptlon region. Evldence for associatÍon
ín the pure phase is found in the physical properríes of the phthalimide

derlvatlves. N-(trimethylsilyl)phttralimide is a solid with a melrlng poinr of
65-67oc r¡hereas ll-(trtethylsilyl)phthallmide is a liquid. Furrher, N-(allyl-
dtmethylsilyl)phthal-imfde has a meLting poinr of. 27-29oc whereas túe ¿o,o

phÈhallmido compounds contafning a sf-H group have very much higher meltlng
polnts when compared rvith the rest of the compounds. Thereforen ft appears

that ln the pure phase where the slR, groups are very s¡nall association occurs
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vJherees fo]' SiRr groìJps rvhich are large,assìoeiation takes place to a much

srnalle¡ extent. Íloi^¡everrthis ass¡ociatj.on must be very weak becaus;e mole-

cuLa,r r^reight d-eterr rinations o¡ ¡¡.(trirneth¡rl-si ¡_,vl)_ ¿rnd ll_(dimeth¡,isilyì-)_
phtha]-imide (Rast method) shor^¡E;d nn lnoiå,r:ilon or as;:cci.ation" Tirerefore,

. 
j t secn:-r ;'ea'sonablr: thal; fcr rrer¡, rJ j. lrr'¿s: solrlt j on-: nc a.,soci ¡r.li'n ()cc¡lrrj

for these clerivatj-r'e-q. This conchr,sj.on j.s fulther supported. by the fact tjl¡.rt

cryoscpi.c mearfr,D:ements on various .diac,vl¿¡xines have showecl that ¡¡hen no

j'mide h;rd'rogen is present molecul-ar associa't;ion is cornol-etely supp¡""rru.L. 102.

Finarl;r,A'bramovit^h Ì01 concl-uces that for infrarerl measurements of a, num*

ber of organic imides the use of chloroforn as a solvent rules ou.t the
possibility of association and. Bo::jsevi-t"h q!,q.1.,10-J fr-r,d.s that for
va::ios ltr*rnetÌ,ylatecl phthal-imices no assoclation occurse

lf,vdro-gen bonding which i.s a special case of molecul-ar associati.on

can also affect Il(c=o) ln4. t1'u"c6en bonding in si-H bond. containing com-

pourds has not been fou¡d. a.nd. if it exists .the effects r^rill bu "rrll 
109.

Hyd'ogen boncling does exist in the unsubstituted imÍdu" 95r103. Hovrever,

t^then phthalimide is'tnethylated/asym(c=o) and-fzsym(c=o) are founcj. to c¡.ange

so Ìittle that ¡oresivitch et a]-., concluded- that the formatÍon of a þrÌro-
gen bond' has armost no effe;" a comparison between N-metþrsuccinÍmide

and succinimide in a KBr pe1ì.et it js forrnd. that4l,zasym(C=g¡ is 3 cm-l
¿¡d¿!'rsym(c=o) is ! cm-l 106. Th"teforerit ieppears that for s'ccrni.¡nide

and- ¡Ì¡*!r¿l i.njrle the effect of h;r.lrogen h^nr,ì:r¿ i:; nê,I1 isilr_t_e.

lt can now be stated that in a conparison of thel(C=O)rs of these

contpounds that the mai:r effects wil-l onry be the chernical effects or effects
("), (¡) a.nd (c).

The inductive effect is considered. to

to operate along the bonds. The vibratj.onal

be independent of geometry and

frequency of a group is alt ered by
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'

dlsplacenents in the electtor, 
"lorrd 

of that bond. These dlsplacernents occur

due to changes tn the electronegatlvity of groups adJacent to the vibrating
group of interest. In the case of a carbonyl isolated frorn all effects there

ls a charge separatlon with oxygen 
""ttyr", a partiat negative charge, When

an el'ectron wíthdrawfng group f" pf"""a adJacenÈ to the carbonyl then the

negaÈive charge on the o¡<ygen is displaced towards its geometric centre fncreas-

lng the bond strength and therefore ralsLngV(æo). trlhen an electron releaslng
group 1s adjacent to Èhe carbonyl the bond polarity is increased and V(æO)
decreases 107 .

In respect to H a Me3sf group is electron releasing 5411 0B . on the

6ordy scale of elecrronegarivfries the Er3Si and ØrSt groups wf11 only be

slightly more electronegative than MerSi 105 . Therefore, ft is expected that
all the SlR3 Sroups encountered in the compounds prepared will be electron
releasing tri-Ëh respeet to hydrogen. As explained above electron releasing

groupc adjacent ro a carbonyl will cause a decrease in /(FO). The lowering

of l¡asym(C:O) for the silyl lmldes with respecË Èo succinfmlde and phthalirnide

correlates well with Ëhe expected results of the inductive effecË.

Further support for the loweríng of Zasyrn(C=O) when electron releasing

groups are attached to the nítrogen of the Ímfdes is found for the case of
potassium phthallrnide. /asym(c=O) for thfs salt in a nujol mull is 1685 cm-l

The resonance effect involves the -[Éelectron clouds of nultíple bonds.
t

Ïn the general case resonance stabilizatíon w1Ëh the resulËant delocalization

of elecÈrons at the expense of the multlple bonds rv1ll weaken the multiple
bonds and therefore the vibraÈfng frequency of the muLtiple bond will decrease.

The resonance effect ís also very sensitive to the structure of the molecule

because the atomic orbltals used for the molecular orbital must be orientated
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to glve maximum overlap. If rhe structure of the molecule prevents strong

overlap of the atomie orbitals then the resonance sÈabilizatfon v¡fll be

negligi b1e.

.:'..:. a'..r.

For open chain anhydrtdes Lo9 
"ri

been proposed to explain the planarfty

,*0"" S''l rer¡onance structures have

of these molecules eg.,
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I-c- Rq/

\ \g_R
tl
o

o
\\c_R

o

\C-R
//

o

and

o
\ .g_f,r

/
|f-Ì{

\ ta, 

-o 

I
ti ¡\

tl
o

Based on a

between sillcon

actfons involve

ni trogen.

+

<_)

Ee
lsl '"

5o

_ñ,.M\
and can be repre.sented slmply Uy 91

:s1-fr 1f'\

@
R-N

--Rt
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o
o

I
/

large amount of work, resonance interacÈlon has been proposed

and nÍÈrogen bonds' These ínreractlons called dr,- - p1¡ ínter-

one of the 3d orbitals of silicon and a p orbital of the



'i r.,. i-.J...-.-..:,-.:;i1i:t::'i;.:..".::r...,-r_r.r:i:-.1.r.ì:.-r:.:i:1.ì

_69_

Cønbinlng the above resonance structures for the silylsuccÍnisid.es

derivatives, Èhe followlng can be wriËten,

H.ç- C-O"l\
I f-siR3HeC-Cr\

\.o

"T 
-.d"*l Ì-stn,*---uH2C-C\

trï

H2c

^40-'\e se
N.".SiR

/3

-C. \

IIT

IV

TIT

When the SIR^ group is replaced by
3

and V can be written,

hydrogen only resonance sËructures

11 ç-ç1=O,l
I

I

HC_-
2

\ N_H

^/
\;

,t ou

'l \'-',I/ne'l-\.

IV

Resonanee strucËures II and III will compete with one another for the

charge density around ¡1ltrogen. Therefore, the charge density around nitrogen

t¡i11 be less delocallzed for silylsuccÍnimicles than for succínlmide where Lhe

charge density around nitrogen is delocalized only towards the oxygen of the

carbonyl.

Sfnce /asyrn(C:o) wi1.1 decrease as the bond poLarlty of the carbonyl

increases /asym(e0) of succÍnimide will be lower than l/as¡'m(FO) for the

sllylsucclnimides íf resonance structure III contributes to the delocallzatÍon

of charge 1n the silyl imfdes. However, experiment has shown that lzasym(æO)

of succlnimlde is hÍgher than Zasynr(C:O) of the silylinides.
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Tr.¡o concluslons can norrr be drar,¡n concerning the j.nducËlve and resonance

effects in Èhe succinlmides. (1) Either no drr - p7¡ inrer-actíon occurs and

ÄZasym(Fo) ls entirely due to the * rstn3 effecr or (Z) The * tstn3.effecr
is very much larger than the drr- pr, interacÈion effecr,

For the phthalimlde derlvatlves the sltuatfon is slmilar. However, the

presence of the phenyl ríng allols a delocalized orbital to be constructed

over the whole phthalimide molecule.

The consequence of thís is that r+hen R ís SíR^ and if it forms a d--- p3 -tt T
delocalized rnotecular orbital than

See-onrJïy, the * Tc¡ì} effect of
- t^t3

sysÈem of orbitals" As a resull:

both effects will be aËtenuated.

In figure 6 ít can be seen that indívidual changes Ín the SiRr group on

succinirnide result ín largeFchanges in Vaáyn(æO) than for Èhe same changes

in the SfRt Eroup on phthaLimíde. This t¡ould be in accordance wíth the suggesÈíon

that the larger delocalized system of the phehallmides would attenuaÈe Èhe

+ IStn, effect and the d,7f - po- inreracrion effecr.

The follotring conclusions can be drarvn concerníng the phthalimide

derfvatlves (1) nrtner no Ç - p, interacrion occurs and /asym(Fo) is
entirell' due to the * Isln, effect or (2) the + Tstn, effeet is very much larger

than the d,,- - prr-interactlons, and (3) due to the attenuaÈing effect of the

delocalized system of phthalimfde indlvldual changes in SiR3 cause small changes

bond it r.rill be ín competiríon r¡ith a larger

in the case of the succinimide derivati-ves.

sílicon wí11 be displaced over a much Larger



' -7r

ln /asp(FO).

For p-subsÈltuÈed benaalyÈriphenylsilanes good linear plots have been

consÈructed for Vl,æo) versus Harmrett g values. However, for Èhese compounds

such plots can not be construcÈed. Thls could lndlcate that other effects

are causi.ng anomùlÍes. One of these could be field effects or Èhrough space

effects rqhich r,¡ould show no ördered effect. More likeLy, however, the above

mentioned effects ruled as negLigÍble can sÈill cause small but lncoherent

effects.

The values of the V(St-tt)ls for Èhe SÍ-H conralning derivatives all lie
in the region of chlortnated siLanes 102'110 

" /(st-lt)rs can be considered

mainly as a measure of the electronegatíwity of groups attached to silfcon
111.102' . Therefore, Èhe values of the l,/(Si-H)ts índicates thet the succinlmldo-

and phthaiimido groups on silieon are strongly electron withdrawing. This

conclusÍon supports the * IStn3 effecÈ suggested for those compounds.
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PLOT of /as;rrn(C=O)

liCO%}TdO r¡ersris the

t'rGttRS 6
("*-') of the FÌ,R',siNCO(cti^)^cO anct RR'R,,Si-

t ' 1'lt
RR rR'rci glroups

(r'ì

Y¡-"1

'sl()I
3lìt')

rr;¡
t-l
I

r:'(\r
ft"1

¿\. I
c\l I
+. 1r\ tJlc)i
Òl
';a.j
Ê(l

F{

l"{lol
tÉ
loJ
le)

.r{
(n
c{
a)

rl
<:r{

.r-{
(n

a,J
-G-

.rl

f-l
o

t--l
cn
c.lp

frl

rl
(n
\<

-@-

q-{
(î

a\l
(,

f--\o
r-{

co
v)
d

o
o\\ort

o
N
rl

o
r-l
N
r{

o
c\J
c\
r{

o
coN
l-l

o EI

o

EIO

EI

o

o

o

o

tr

c'
Orcul oal L)r
c\Jl J I

Strtl
eJ sl
Ê5I E¡

E¡O

o EI

EI

(T -*" ) usgn:{ ã¡,vii



-73-

srryrcïUa_E cHARÄCryEÆ!0N -I,{r ¡ROTo}r N.r.,i. R.

For all the compounds prepared there were no inconsj.stencres found

between the structure proposed on the basis of the proton n"m.Ì.. spec-

tra and, the structttre o1" the compound. expected. from the reactions. Sub-

'stitutirrg the succ-inirnido or phthalimid.o groups for the chlorj.ne atorn

of the chlorosilanes d.icl not a.lter the spectra of the unchanged Si.R"
-)

groups except for sma.ll- chenical s;hift dj.ffereirces"

The chemical shift'of'the sínglet assisrred. to the two meth¡r-l.enes

of the succinirnid.o group shov¡ed almost no variation from compound io com-

pounrl. Except for: tr"o'loi^¡ va.lue" (2,55 anci 2,58 p.p"rn.),thr: sin¡;1-et wa,s

found. to appear in the ranse 2.62 4;o 2.68 p"rt"m. This iir t,o be ex¡iected.

on the ba¡;j.s; of electr,onj-c consj.d-e:rations because the h¡rdr.6gens of' 'Lhe

rnet\'Ieneî -b.f'9 f:'-tT bc:tdÍì ârrr?-/ f'.,'cn the *qÍR, -j:toup and therefore shc'.r-l-d expc:iie.irce

I i++l o ir nn¡¡ ^+ the tI..-' effe,-:t, Alsorsince the methylene ij_ror.l.l)rj a.ïe,-siR, "'-.
not expected to entef into an.y resonance interactions that nra.-¡ occur in

these rnolecules, the-v shor-rld be relativel¡r un¿¡fecteci by any lresonance

interactions in t]:ese molecuLes.

Crganic phthalirnides Like N-2,3-{ylylphtha imide,}l-m-tolylphthalir"nide

and bromoethylphtharirnid.e show two mul'uipÌet,s near 7l"Bz and. B.oz p.p"m.

vrhich cair be assigned to the two non-equivalent paiz's of phenyl Ì1yclro-

gens of the phtha.limrdo g'ïoup - LI?-IL4' 
. For the phthalimido com-

pound.s tha.t contained no si-phenyl groups the phenyl hyclrogens appeared.

as mul-Liplets cente::ed in the range 7.67 to T.T3 p"p.m. For the phthalimid.o

compourC-s v'¡hich contained the Si-phenyJ- groups , the two multiplets of the

Si-phenyl and- phthalimido groups coul-d" not þe assigned. on the basis of the

i-ntegrateC peak ratios becatise oí'the or¡ar.lan of the two multiplets. Hor+ever,

'..1 :.'4.: :,.-if¿!
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there is no reason 1;o expect a dif'ferent behavior for the si-phenyl

group:contaitring phthaì-inide::. Therelorerthe phthali.miclo h¡rd,rogens weïe

assi¿ryred. to thelowfjeld muttipl-et and the Sr-phenyÌ h.vd-rogens were assi¿jned

to tlte hi3hl"ieì-f rnultiirì_et, On flris \as:i:.srthe niultipJ-ets of the phtha_limid.o

.h¡rd:rogens 
v¡ere arl cen'eerecr in the ianüe J.6B to '1"85 pcp.m. and the mu}-

tiplets of a;he si.-phenyl ¿Toups r¿e:-e centr:e,i irr the rlance l.Jl- to ?.55 p.p.m"

ftrcl-nífjn¿ the rni-r-Itrplets of the lii-phenylsfor the' succinimid-o a.nrL chloro

derir¡atives gave a range of T.lO to l.60 p.p.m.

As shomr ii: figure s 4(a) and !(a),'the trir:thylsilyr Érrouls of l.{-(trj.-
ethylsilyl)succinimid.e a.nd U-(tri ettrylsilyì-)pìithatimicte both appear as

singlets for the proton )'l.rn.r. of 'lO mole percent sol-utions of these com-

pounds ín ceutera.ted. chloroform. They appear as singlets becamse the el-ect1on

reLease of silicon into the meth-vlene groups of'the ethyl group causesthese

þd-rogens to be as slii'efcled, a.s ihe meiìç'l hyd.roger:s. Similar effects have

been observed. i,n other metal-etþl compound.s 115rlt6 . For ihe spec-ura

of triethylsilyl region of the neat liquids (rig 4(u),I(¡)),the anisotropic

effect of the molecules the¡nselves ca.uses a stight chemical shift difference

between the metþl anC methylene groups and. therefore the singlet appears

unsyrnmetrical . il'or the proton rI¡rTror. of the 10 mole percent sol-utj-ons

in benzene (ri-g 4(c' ,5("))rthe chemical shift difference between the meth-r"'l

and. :'rethylene groups is increased. enough by non-zero a-¡eras1ng of the

anisotropy of the benzehe solvent mol-ecuIesET ,nr* the spectra of the tri-
eth;rì-siìyl groups resembles the spectr"qm of a-n ,A Tl svstem urhar' - | I

^ -- r-r&q¿.': 
'=::"'"'=- r'r'tii ¡t-LreuLr'*m or ?-n .L..tz sysrem wnere ¿/voò l-s

near o.-fi ---.This effect is also apparent for the two pa.irs of non-equi-

valent -ohtha.Lirniclo hyrlrogens of ],]-(triettiylsir-vt)phthaLimide, (fig.l(a)).
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There the spectmm resernbl-es the 'lheoretical specÌ;rrrm of an ArB, sJ.stem l

.-L^*^ -t--( .- neaj? 0.37118f{r)v¡neTe ¿/voø l.s neai? rJ.J'l
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ETECTROryJC }IATUIìE OF TiiE Si-N BOITD BY PROTON N.I,].R.

As v¡as discussed in ilre introduction Ç-16 interactions have been

userl' to exnlain sìome n.iloïr Teslr-lts. Howeverrit has bee founc for. some

Si-N bond containing compouncisrthat the n.m.?. Tesul-'us could. be explained

without reference to Ç-n¡ interactiorru If9r120rl-2I

' For these compound-s comparisons can not be made v¡ith the anai-ogous

organic compounds as r¡ras d-one by Birkofer because spectra for these compounds

have not been

Ïn Table { ate found the chemical shift val-ues for the Si-methyl groups

ofaT1thech1orosi]anesused-asstartingmaterialsanr1oft}recompounds

prepared.

Table 4: - va.l-ues of the si-methyr goup,s of compounrts Ro_"sicr*r
D e; frrnn/^rt \ ^^ì ^. n--^^t4-"*tLìt:o(.ntCol* a.nd RO_*silÏcoc.uncol*¡ (x=t or 2).

6(p.p"*.) of i;he methyl gror-rps of IIO_r.Si-

R, Si-
4-)< -ICC(cTr2 )21o -cl -ldccc,H . (10

I o 4l

l,lerSi-
IrÍerHSi-

All'lerSi-

fiieusi,-
¡lÞrersi-
If erÍii=
VieVi Si.=

Ørt'lus:.-

Assuning that molecul-ar association is not a preclominant effect
and assuming tha.t because an inter:nal starrd.ard was used- comections do not

have to be mad-e for the bul-k diamagnetic shielding one trend- can be observed..

That isrthe metþ] gToups are d.eshielded.j.n a regula.r'order as the -I effect
of the R groups increases. tr'bom the chernical shifts of the methyl protons

o.4.2

o.42

0.43

0.70

o.72

o"72

o.95

o. gB

0.53

o.5g

0.51

O. BB

o. Bg

o.g5

1.01_

0.Bo

0.50

0.51

0. 82

aì Â"

L.25
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it seems apparent that the -r effects of the succinimidorphthalimido anrl
chl-oro 8r'oups are about the same in these cornpewùd.E There seems to be no
reason on the ba.sis of tlesed.ata to invoke Ç-!* interactions.tt lt
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For lù-(trirneth¡rlsiì-yI)phthalimid.e the foll-or+ing scher¡e can t'e ;¡ritten

which partially explains the mass specl,nm obtaineC..

-::;.i:]ì
j' '.:

/
t-(;i 

-t 
H \\ -.3 

-.î2\ A'IJ
J

I-U Ì\\)\
J

.1,^. z^,. r
-uÐ I f. uJ1. , _/ ' 1' {r-

Schel:re 2

^-a 
')

/L¿¡\

{ j O .. c^H., 
^rISi+\¡r¡ -CO^i- 

7 ii L\)u"3 -."2 n/e=L6o (too/")
1l-25.5)

¿CLLç 
'

m/e=2o{(otf scale /

x' An asterj sk indicates "til;T:tiion supported try an appropriate nrera*

- stabl.e peak.

O After an asterisk surror.md. the lneasrrled- v¿i.luc of ihe netas table peak,

There is a very strong peak at m/e=130. T'his peal< is quite prominent

i¡r the mÐ.ss sl)ectra of l'I-alkyJ.phthat:imides a.nd is usually preceiiecl by a

¡reak at n/e=Iú,8 of simil-¿r.r in+.ensi ty IZ'nnoruu-rn*,in this speca;rur{t}le

peak at n/e--LlE r,,a.s qr¡-ite small-. Therefore,an alte::nate pa-i;hira;r to the peak

at m/e=IJO is su¡4gestecì..

?

J.

n/e=zlj Q/,)

n/e=ZL)

m,/e=llo (gz,t/,)

q; /nr¡ \
ï 4""3r3
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The transi.tion suggested. is not supported by a

SiJ) bonds are very stable and, therefore their

The peak at m/e=102 founcl in this spectrum

follorri.ng transiì;ion.

metastable peak but

formation is ver."y' favourable.

can be obtained. by the

-tt (utÈ 
^/e=t-oz 

(8i.5/")

m/e=IJO( gz.Il,)

The loss of CO, from lrl-alkrylphthalimides has been. suggested in two r:eports
t¿J¡ [)to explain promingnf If-44 peaks in thei¡ rnass spectra . Tn anotþsr.report.

.the Ìvi-44 peaks u¡ere said.to be due-to the loss of Co, from thermal isomerÍzatior

products. Fo:r N-(tri.methylsilyÌ)phtha.lirnicle the loss of {{ nrass units from

tlre peak at m/e=2g4 gives rise to a very i-ntense peak a.nd. this tlansition

is supporteC by the appropriate metastabl-e peak.

Tlie four Ì.,ea.ks in 'Labl-e i(i') Ìovre:: 'Lllarr in/e=rOZ c¿¡,n'be a.ccoii-lr,ceú.for

in a straight forr^r¿¡,rcL rnanner by frrrther Í'ra.¡,-,rnentation of the ion at m/e=LO2.

The pealcs tha,t a.ppear I rnass unit above the major fragment peaks can

be accounted. for by the isotopes c13rsl29,and. H2 naturarly present in the

molecul-e

No significant peak was for:rd to correspond. to a trimetþlsiliconium

ion in this mass snectrum,

The fragmen-bation patterns outlined above ar'e furiher suppot.ted- by the

fact that tl-(cliphenyl.methylsiJ.yl)phthaljmide a.ncl I'l-(phenyldimethylsilyl)-

phthalrmicl-e behanre in exactl.v the same r^ray " For II-(phen¡'l.d.imethylsilyl)-

phthalrmid-e ',,he following f::a.Ernentaiion pattern is found.
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^-*r--. - \-¿l \rlr.r{----__

/ "t' 
'-.

=Si
- tc.H¡

^.tcirtùt
1c5Ht

s caie )

"(ra5.g)

HÌ/ ê=

"l

lz1(too/"

t{-to
v_L

gHt4NSi'
284ß/")

tc\,
iJ

uf,t

m/ e=2ot,(12 .L/")
.? nn *lrnr r\-tu2 \L¿).))

vJ'
C^.H- ^Ì,ISi'YIU

n/e=L$s(72.y")

n/e=266(off

¿

l-
ct4Hl2NSi'

n/e=222(go.e/,)

Scheme 3

The peak at n/e=I)5 appears to be a fra.s¡neiit of the peak al n/e=ZZZ

since the::e is found in the mass spectrum an appropria.te metastab-l-e nealc.

For N-(riiphen;rlr:rethylsil¡'1")phthalimid.e ihe fô]loiving fr.agrnentation pat*

tern is found..

n/e=L)JQ+.+{,)

t-CrH..o)

¿' l¡
./ 6"5
L

t6nq

)
" / ., ^ - ^\2 \¿4)"Y )

mr/e=266(¡0. ¡Ø)

r d-cor* (rE5. r)
rt

cl4litrtvsi+

rt1r
/" 6".,/

-si.-c,.H-
\ o)

t,ñ

-tol\

SÇheme 4
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For troth of tilese cornpounds the fra¿;rnent at rn/e=lle is an intense peak

and is follorved b.r the d'ransition to the fra¿;ment at m/e--IO2 v¡hich is aj.s;o

at intens;e peak.'rhis tr.ansiti.on in each case i_s supportecì by the appro_

priate metastable peak.

. The loss of C0, appears to occur for all of these compouncls. ft seems

to be a major pa.th of fragmentation of the silyì.phtha.Iirnicles. since
the transi',,ion involr¡ing the l-osrs of co, occulrs from f::ai;rnents of rower

mass than the paretlt ion it seems reasonable to sa¡r that this Loss does

not occur frorn therrnall¡r isomerized products.

Whenever tl 
+ 

nr hcc y¡a¡¡, -r.L,^- ^.^^ -,-.^-^--are Ì'l'-co, fz'a.3ment has.nore than one nircnyl rin.¡ a.ttached

to the silicon a fra.ilren t c>f 2'l rnass rrnits iri Ioert. T,Ìre cle¿r::r:¡¡t exar:ple

occu.r-r-: fo:: the flra¡inent n/e=ZZz of lI-(nhenvl.cj:inethyi.s j-r.¡,t)nhth¿Ll:in,irle.

The follolvin sehene can be written to exprai-n this tra.'rsition .

.tcÍrt
\c6% €

oï

(tu
/""'3t\^ 

,,
"6'5

n/e=266

clI.
J

n/e=IO5

,|-'n,"

fiY\.¡tly.\.2Nr",,
^ 

ll\t ¿rt-_ 1
h\

n/e=122

m/e=266

+

rrlI
J

m/e=L)J

Strheme 5

ê
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.r / r. r ----l-^al--r --rf --ì-\-r-r-ì--r r , ".+ ^^. .t"or N-(diphenylmet\yIsilyl)phthalimide two lvi'-COe fragments exist which

lose a fragment ol Z1 mass units" However,these transitions are weak and-

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

No significant peaks were Í'ound. in ej.ther case that correspond.ed

to either the phe4y'ldimethylsiliconium ion or the d.iphenylmethylsil-iconium

: ion.

Peaks found below m/e=I}z can be explained- in both cases by the further
:.,' fragmentation of this ion.

r at 
^/e=LOz 

rvas also for:nd. in both cases as well as the approprì-ate meta-

stable peak to support this transj.tj.on.

In genêial the fol-lorting concl.usio;ic can be d.rar¡ir f::oi,, ihese üìa.;s s[rÊü-

tra. The parent ions appear a.t ve-rJ,¡ Jor^¡ intensì.t¡,," tTnsatura'bed. siljcon con-
!. +^i*.i-- f.þa'!,LLLLé rragnents are consistent with some of the ions forrnecì.. The loss

of a metkqrl group from the silicon atom is more favourable than the loss

, of a phenyl group for these compounds since the lli-l) ion j.s the base peak
' 

t-,

:.r, aLl of these mass spectra.

The mass spectra of the silylsuccinimid,es with the exceptions of

m-(ai-pfrenyl-nrethylsilyf )- and N-(pheñylmethylsilyl )succinimrd.e showed peaks

above the parent ion. The mass spectra of lT-(a.1ì.yì-d.imethyisilyt)- and-

,l N-(phen-vlmeth,vJ-si1yl)su-ccinimid.e could not be so1ved.. Partial fragmentation :,

patterns are presented for. the others.

On the basis'of the elemental analysisrthe proton n.mrro spectra

and the infra::ed. spectra there appears to be no doubt concerning the structure

of these compounrìs. -r{n,"ç1rçr'rthose co.;:¡o:r.nrì.s h.ea.tr¡d to IOOoC or hir:her in
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ord.er to obtain a tnass spect::um exhibited ¡ons higher than the expected.

parent ion. Therefole it is suggested that thermal rea.ctj.ons occurred. iead-irrg

to the artifacts found.. This effect of Ìn,.ating Ís supported. b¡'the f'act

$r-rbljrrr"tíon of Il*(rliphenyì.methyl.sily1)su,ccinimide led to an increase in im-

purities a.s compared v¡ith the unheated recrystaniz,ed. prod.uct. 
\

The folì-owing scherne can be r.rritten which partir-rIly explains the mass

spectrrr-rn of I'I- ( t::i eth¡rlsi ì yl ):rr: ec j.n i. mi,de .

---+ o{Tíå
,^*J,-Ftrn¿) l\á ¿

^ ìr
v 

^lt_¿)

no\fr tfo'
ii Ff

n utttt^ .,.,"2"5 "z"j
m/e=1$5(off scale)

_:2:Ð

^ 1, L.æI]..-u,rrl" 
-.ò1-u.t-1^_uH"./ \) z

c^tl-
/1

fl

f1 fa"rI +l,J=si4 \'
^ 

\/ltrv5

m/e=2¡$(44.g/")

. c^H_- Si-H¿)l
llH¿)

Schenle 6

m/e=t$5(¡ff scale)

Ail" the ï'earlra¡gqnlents us;er:l j¡i this s;cheme h¿rve been plropolred. fol:

the fragmentation patterns of the i'l-a1þl-succi-nimide* 74.

For the ma.ss spectrum"of N-(cliphenylrnethytsilyl)succinÍmide the

following scherne ca.n he ¡rritten.

J
¿d'Ë#:,;,ïr 

""., 
-

o

-r",* . [*= ,{r6nj
øelõÈ L_7="\

I t6"5

m/e=295(¡3.8/")

elT
z z"s

-SÍ-C^H-
\ ^'-_)u^|l-

/¿1

<r/,)

Íicheme l

w/e=z1o(tov/")
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For I'l-(trirnethylsilyl)succinimide only cne

which could be r:easonably assigned.

transit.ion appea.red

n/e=LJ6(9"4/")

i'::.i

n/e=,71(L/") 

$,qf,
-cH._j>

No pealrs appeared in these mass spectra which suggested the presence

of siliconiu-m i-ons.

Based on this l¡ery sca.nty cLata generaJ- conclusions concerning the

mass spectra of the silylsuccinimid.es are not apDropriate.
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