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: : Robert B. Neilson

o

- Department of Chemistry
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p—LE Many small-molecule Si~N~P compounds
“- of appropriate design can function as
l: precursors to various oligomeric and
is polymeric P-N systems. For example,
s poly(dislkylphosphazenes), (R3PN),, are
I readily obtained via the thermal
- condensation~-polymeriszsation of certain .
. o N-silylphosphininines, Me3SiN=P(X)R3. 1In "
? ' T addition, novel 3-coordinate phosphorus~V i
.- compounds including the dis(imivno)-
i phosphoranes, RP(=WN8iMe3)y, can
" potentially lead to new polymers of
-l formula (RPN)y,, the phosphorus snalogs of
L electrically coanducting (8N),. The
-l syathesis of polyphosphasenes and their f
i precursors and the synthesis of potential : b
precursors to (RPN), are discussed. |

The structural and chemical diversity of compouands ,
containing the 8i-N-P linkage is a result of both the [
1! variety of coordination numbars which phosphorus may o
- »- assume and the resctivity of the Bi-N Dend. The .

! .: combisation of theee festures gives Si-N-P compouads : l
C . very promisisg syathatic stility, particularly ia the
; .. ares of imorgamnic pelymer eyathesis. o
i ’ Typicsally, the most commea pTecursors to aew v
P $i~-8-F systams ore siuple silplesdssphosphines (oq 1). t
ERE The difenctionsl charsster of these sempevads, vhich is ' L
;}- . " duwe to the sutlesphilic sites st pheosphorus and o f
. :
b

, : conplonentary elustrephilic eite at silicen, makes them.
- . ° wery versatile resgenta. They heave bdees used in g sev
N . synthesis of alkyl emd/er phesyl sudotituted phoophe-

¥ " semes (RgPE)y (]) and have ied te the preparation of
|1 promising precersers te potentially eslectrically » ;
N conducting pelymer systens of genersl formssla (RPN),.
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Synthesis of Polyphosphasenes’

Work in the polymer syathesis area has bdeen
enhanced by s couvenient "one-pot™ synthesis which was
developed by J.C. Wildburas (2) (eq 1). Yields of the
phosphines prepared in this manner are typically 60 to

(Me38i)aME
(1) n~-Buli
(2) rCly
IaMgx A
(Me38i)n-»
a
[(Me38i)auPCly]) Q)
(lc;ﬁi)zl-l(a ;
or RLi cl )

to 902 and quantities of 250 to 300 grams are easily
‘obtained. The use of PhPCly is place of PCly allows
‘for the introduction of phenyl/alkyl aubstitution at
phosphorus,

Many simple oxidation reactions of tertiary alkyl
or aryl phosphines sre less straightforward in
phosphines with silylamino substituents (3-8). Two
such reactions have resulted in precursors to
phosphaszenes. The first of these is the reaction of

bromine with disudbstituted silylaminophosphines (2) to

give Me38iBr and P-broao-l-lilylpho.phini-iaes (oq 2). ;

]
A Bry o | ‘
(l!chi)zl-P\.' ----'-i———-) Me3SiNeP-3r (2)
.=Me3Bidr .

L

R,R' = Ne, B¢, ir!r. ¢ W nﬂlgcla. Glaih.
clglilc 3, cu;en-a;. ate.

The phosphinimines dre thermally sastable and rca‘il %

elimisate Ne3Silr at temperatures of greater than 10000
to feram o-!y cyelic pl.ldbacotc‘ ('q 3. (1)




R R .
| |
ue3sin-1l»-nr L5 frenfr +  Messise (3) .
R | a = 3,4

More importantly, the P-bromophosphinimines react
smoothly with CF3CH20H in the presence of Et3N to form
P-(trifluoroethoxy)phosphinimines (eq 4) (7). On heat-

ing in either sealed glass ampoules or a stainless

R R
CF3CH208 |
Me3SiN=P~Br ————3> Me3SiN=P-0CH2CF3 (&)
Et3N |
' . r!

steel dbomd these phosphinimines readily eliminate

Me3SiOCH2CF3 (eq 5) and form exclusively polymeric
phosphazenes. (1)

R R

: { { '
u.,siu-f-ocnzcrg A, -Eftlag + Me38iOCH2CF3  (5)

R | e | n[n[n[»

'R'l Me ‘ Et | Me ‘ gt I ChaPh

The physical properties of tiess polymers vsry
consideradly as the substituents at phosphorus are
changed. Poly(dimethylphosphasesne) (MezPN)g is a white

filn~forming polymer with & weight aversged molecsular

veight (ii,) of 50,000 as determined by light scattur-
fng. It is solwdle in CRgCly, CRCly, CRYCERON, aund
THF?/120, and has a melting poiat of 158°C and & glass
c:mitin temperature of ~429C (1). The diethyl enslog
(Bt2PR)y, on the other hand, ie quite perplexiag since
ite virtual ineelubility in all eolvents preclisdes sost
eharacterisation other than elemental smalysis.

In contrast to the alkyl sebstituted pelymers, the

P-phasyl cespounds, [(Ph(Ne)PR], snd [PR(Rc)PR],, are
brittie, brown colered materiasls which are quite

© seleble im TRT ené sre resdily plesticised by trace

- amowats of solveat. Deterndeation of moleceler weight
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by gel permeation chromatography for [Ph(Me)PN)y
indicates M, to be 54,000. Its glass transitiom
temperature was found to be 37°C.

Phosphazene copolymers have also been prepared by
the thermolysis of equimolar mixtures of the
phenyl/alkyl and dialkyl substituted P-trifluoroethoxy-
phosphinimines.

Ph T
J
I
) 3 R
5::--‘---" - i: ‘ - ... 't

These materials are genérally more elastomeric and
.- rubber-like in.appearance than either of the corres-
.- pomding homopolymers. Such systems imdicate that it
Z should be possible to "custom desiga” polyphosphazenes
* by choosing precursors wvith desirable substituents.
- In summary, this nev and general mnethod of synthe-
sizing both cyclic and polymeric phosphaszenes (eq 6)

- R R
o l |
Me3SiNeP—X ——> Ne3six + P=

i L

- involves properly designed N-silylphosphinimines which !

.* comntain a leaving group X and the desired sudstituents i

.: R and X' on phesphorus. Such compounds eliminate '

.” substituted silsnes Ne3siX and forp cyclic or polymeric

. phosphasenes. When X is Br or, as reported earlier i
(9), 7, only small ring compounds are formed, but when
X is CFr3Cis0, polymeric pheésphaszsenes resuit. Ia :
contrast to the vevel metheds of prepariag lnorgsauie
polymere vis risg epening pslymerisation, this is mn
ssusual example of a condsnsatics~polymerisation which
gives s inorgsuic P-N polymer backbone. This methed, ,
therefore, has the sivastage of allowing the isitial . [ l
cosetruction of suell wolednle building Plecks which
incorporate dusiradla side groupe. This is '
particularly sseful for the preparation of alkyl sad/er
aryl sedstituted polyphesphasenes with direct cardon to
phosphorus bonds, & system which is difficult to
schieve by other setheds. . ,

e (6) -




cc14 Reactions of (Sil;lnniso)gkosgbiaco

Other N-gilylphosphinimines which are also
suitably comstructed phosphasene precursors, canm bde
prepared by & second oxidation reaction of silylamino-
phosphines. When these phosphines react with carbos
tetrachloride, tvo types of P-chlorophosphiminines may
be formed by essentially two pathvays (eq 7) (8).

’ R
| |
B-C-SiMes
-CHCl4 |
u¢33iu-?—n'
—_ cl1
- /CB2R (7
(Me3si)N-P R
. \g» i
: 8-C-RB

-Me3S8icClj

> ne3sin-1|’-n'

o c1
R = 8iMe3, Me, Ph, ®

i R' = CHpSiMe3, Me, Bt, i-Pr, t-Bu, Ph, NMej, OMe,

. OCH3CF3

The elimination of CHCl3 as shown in pathway A
occurs in similar systems which contain a C-B moiety ¢
. .. to phosphorus. Presumably, initial formation of an ion

"~ 1t pair intermediaste (R3PC1*)(CC13~) (10) is followed dy
attack of the CCl3” smiom at the bydrogen om the o

- (eq 8) (11,12). However, in systeme which
.' ‘O

';':' | cc1y -cHC1y
3 nz!-?-l“--—-b ""?‘” ~ccry” --——-va,rc-»v (8)

contain & silylswise ouittit-aut. .the analogoes ylides
sre pressmably intermsdiates which reurrsags vie &
(1,3}~8ilyl ehife (eq 9) (4]} to. sive the.
!-cll.topbotyh!tiuilou shows in ,lcl:ay A

- carbon with elimination of CRCly. giving ylide products




CEBR ' H-?-Siucg (9)
(HC;Si)zl-i-l' ——— Me3SiN=P-R'
c1 c1

An alternate pathway is possible for systems
containing silylamino substituents at phosphorus. This
most likely involves attack of the CCl3~ amiom at the
e¢lectrophilic silicon resulting in elimination of
Me38iCCl3 as shown in pathway B. Ian the systems
investigated thus far, the reaction pathway preference
appears to be influenced by: (1) solvent polarity, and

‘{2) steric and electronic effects of the substituents

at phosphorus (8).

Low-coordinate Phosphorus Systems

Regardless of which N-silylphosphinimine products

.are formed they all are potential precursors to
.phosphazenes via elimination of Me38iCl. Preliminary

evidence indicates that the thermal elimination does
indeed occur in some cases. The N-silylphosphinimines
are also potential precursors to another type of nmovel

'§i~N-P compound, i.e. three~coordinate phosphoranes:

P * 4t + 8
R-P €«>» B-P <«—> R-P
Xz Ng- ' g

B = CRR', MR

Our imterest in such compounds stems mainly from
the possibility that they might be useful precursors to
nev classes of phosphoruvs~containing polymers or ecyelic
oli;o-cts.. Punetionsl liskages such o8 T = NEiNe
CR'SiMey could serve as sites for cosdticttiba-poiy-cr—
isation ronezioi-. lcu‘iu; to novel ¢yclic or polymeric
systess,

I_ 4
whers 3 » N or CR'. Tese msterials ars fsoslectronic

vith the oiuetrteally conducting polyner, poly(sulfer
nittiip). (il)..

o G B s @ n s oW A W il s A -




. (nc;‘i)zl" \ 1 . o v (&‘3’4 ),!'g\'3 (10)
T R = Glgii&ta; ?h, Has, l(lﬁ!ﬁ;)z
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! .Me38i Mes
h /CBySiMeg ccl,
‘ (ne;,s;)zu-r\ —_— Ne—P=CHSiMes
Mes | :
i Mes-P—N :
) I SiMes :
_ . 145°c CHSiMej (12) ¢
v @
. 3
‘ ?es 7 {
" Me3SiNwP—C-SiMes 145°¢ JCHSiNes
| —> Hes-x{
. —P-Mes NSiHe3
Me3Si
CBSiMej
Me OB i
; . OMe
é . '; Mes-P-CHySiMejy
SiMey

and Me35iCl and formation of & white crystalline solid
which has been identified as the ?cthylenc substituted
4-menbered P-N-P-N ring system (31p §+422.2). Upon
distillation (b.p. 91-92°9C/0.01 mm), the monomer
ne:r(-us;ue 3)(=Cl8iMe3) was collected as a colorless ;
liquid (31p 8+122 7). The monomer reverts to the dimer §
on standing at room temperasture overmight. It readily ,
adds methasnol across the P=C bond “to for- the P-methoxy ‘
. phosphinimine. ,
Pl On heating at 145°C for two hours, both the
L monomer and dx-s{ form & novel 4-membered P-N-P?-C rinmg
f f ’ © compound, P spectrum of this compound cousists

‘ of two doublets of equal istessity at $+10.9 and §-10.6 P
with Jpp = 15.3 Bs. The downfield shift correlates !
! with that of the phosphorus in the rimg system
| containing MeyiCl+= substituents, while the upfield
[ : shift is similar to that of the 4-.;)-:1‘ riang systems
4 ‘ containiag NegSiN= substitsents at phosphorss. The

; rings bhave 5180 beus charscterised by 1 snd 2 maa, v
!%. : . elemental analysis, sad molecular weight measuremeats
| ssing both mass spactrescepy snd cryoscopic techaniques.
.
|

- Prelisminary studies indicate that the reactions of
some of these dimers with RPCl; result in eliminmation

s i
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of ue38101 ‘and r;nj.openxn: reactxons. Details of : f
these investigations and complete characterization of :
these ring systems will be reported elsevhere. ) ' g

]
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