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Abstract. P 3N 5Si2C6C14H20,1 . Mr 453.2, monoclinic, C2/c, a

13.749(6), b = 7.343(3), c =20.124(3) , B = 95.24(330, Y 2023(2)V,

Z 4, Dx = .9 m, X(MoK )=0.71073A, v. = 9.4 cmfF00

928, T = 293 K, R = 0.049 for 96lNjnique observed reflections. The

phosphazene ring lies on a crystallographic 2-fold axis and is planar

within 0.031(515tThe exo P-N bond distance is 1.609(5) and the Si-N

bond distance is l.757(5) which suggests preferential nitrogen lone

pair delocalization to the phosphorus atom. P-N distances in the ring

alternate (from the P with the ex%,.J atoms) from 1.617(5) to 1.551(5)

to .591(4) . The structural and\K 'nmr Parameters of

2,2-N 3P Y- '(NHSiMHe) 2' are com~ared to the analogous tert-butylamino

derivative. V.Cu) Lr ' Ij~L

+ Suoolementary data available (No. ,pp ) H-a!tom coordinates,
anisotropic thermal parameters. See instructiLon for Authors, J. , -

Chem. Sic., Dalton Trans., 1986, issue 1, PP. xvIi - xx.
Structure factors are available from the editorial offi ce.



The r-donor interaction of exocyclic substituents with phosphorus

centers in cyclophosphazenes is a topic of continuing interest and

controversy. Spectroscopic evidence indicates that aryl r-donation is

non-existent1 or low2 while in substituents containing lone pairs of

electrons such as carbanions3'4 and amines 4-6, the 7 donor effect is

believed to be significant. In the most widely studied systems, the

aminophosphazenes, the exocyclic nitrogen atoms is in a trigona! pla-

nar environment and the exocyclic phosohorus-nitrogen bonds are signi-

ficantly shorter than the expected sincle bond distance.5,6  The

exceptions to these generalizations are the aziridine derivatives

where the amine is tetragonal and the exocyclic phosphorus-nitrogen

distances are longer than those found in other systems.7 In this

paper, we examine the effect of placing another second row acceptor

center on the exocyclic nitrogen atom in 2,2-N 3P3C14(NHSiMe3)2 and

compare the results with the previously reported structure8 of the

carbon analog, 2,2-N 3P3C14(NHCMe3)2.

Experimental

Materials and Methods. Hexachlorocvclotrrphosphazene (Shin N-isso

Kako) was converted to 2,2-N3 PC)4 (NHsiMe) 9 1) and

2,2-N3P3rl4 (NHCMe3)28'12 (2) by previously reported procedures. me
3lP NMR spectra (in DC13) were recorded on a rker WV-53 spectrc-

meter operating at 101.2 W4z and using 85% as an external

reference. T.e spectra were recorded under conditions of trad band
decou)ling and chemical shifts upfield of the reference are assi gc ed a

neoative sign.
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X-ray Analysis of N P CI4(NSiMe2 Crystals suitable frr X-ray3 3 4( ~S~ 3)2 *

were obtained from CCi 4 solution. A colorless platelet cf approximate

dimensions 0.02 x 0.40 x 0.46 mm, mounted on a glass fi4er was usec

for data collection on an Ennaf-Nonius CAD-4 diffraztometer using

variable speed (3 to 17 deg/min) w-2e scans. Dm was not measurec.

The unit cell was determined from a least-squares fit of the ancle

data for 25 reflections with 180 < 2e < 220. The analytical absorp-

tion correction1 5 based on crystal shape varied from 0.68 to :.00.

Data was collected to sin e/X'of 0.60 - 6 5 h : C, -8 k : 0,

-23 1 : 23. The data was collected in two shells. Three standard

reflections (-6 0 4, -3-3-3,-l-1 9) decayed 32% over 16.2 hours of

data collection; anisotropic correction was applied. 2304 reflections

were measured, 1775 unique (Rint - 0.02), 814 reflections with

I < 3a (I) were considered unobserved. The structure was solved by

direct methods (Multan 1982 ) 13and refined by full-matrix least-

squares minimized Lw(AF).2 Methyl hydrooen atom orientations were

determined on difference maps and methyl hydrocen atoms were

constrained to idealized ('-H = 0.954) positions with isotroolc B =

1.2 x B of the bonded carbon atom. The nycrocen atom on nitrocen was

located on a dIfference map and was refined with a constrained isotro-

pic thermal parameter. All nos-hydrocen atoms were refinedj anisctro-

pically for a total of 92 variables. The fi, refinemet- with

observed data cave R = 0.049, Rw = 0.052 and 6 :!.' 2, where

o-s w ( (I) + 0.0236 12),/ : . Rina! (i,'-) m <x 0 .7,

Amax=0.40(6) and _P , - 01 onte final tifferenCe Ma:.

The atomic scattering factors and anona'-Ios do:ser on ccr:ectio0s a7e

from the :nte:natio-zl Tables for X-ray arvStaiOcr Dnv . 3nd

-3-
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the programs used those of the Enraf (1982) SDP package. 5

Results and Discussion

The crystal and molecular structures of I were oeterminec in order

to ascertain the effect of the replacement of a carbon atom by a sili-

con atom on the exocyclic nitrogen atom in an aminocyclotriphospha-

zene. The final atomic coordinates of all unique atoms are given in

Table I. Selected bond lengths and bond angles may be found in Table

II and an ORTEP drawing, together with atom-numbering scheme, is snown

in Figure 1. The observed molecular structure of I confirms the

geminal configuration of the trimethylsilylamino groups which was pre-

viously predicted on a chemical basis 9 , based on the known geminal

configuration of N P C14 (NH4 )2 10, the chemical precursor to 1. In a

comparison of the structure of 1 with its tert-butylamino analoc,

2,8 a strikino similarity of structural parameters with some subtle

differences is noted. In the structure of 2, a well develooed

hydrogen-bond network exists between an exocvclic amino hycrooem atom

and an endocyclic nitrogen atom. This ives rise to two different

orientations of the tert-butylamino croups. In 1, both of the tri-

methylsilylamino groups are in the same confiouration and tne l2sest

intermolecular contacts are between the exocylic amino n:t-e atom

and N(J) of the next molecule along a two fold axis. The observed

N(3) ---- N(1) distance Is 3.34 placing it at the outer imit of"

N hydrooen-bonds (2.8 to 3.42). .'drogen-bontdo &-:aysf 'is

type have been observed in other oclopho oharene oiv=_ e. 7Te

N P3 ring il is Dlanar within 0.0-'(2), while in 2 t h e,

exhibits a slight bcat conformation. The exocvcli c nft72en atr)s ii

1 are in the cee'er of a i

4j

Z Z.



The phosphorus-7itrooe- bond lengths and angles in I and 2 are

nearly identical. The particular points of interest are the exocyclic

phosphorus-nitrogen bond lengths (1.609(5) inq 1 anz a mean d stance of

1.609 in 2) and the exocyclic PN angles (105.9(4) in 1 and 104.1(8),

103.9(6) for the two independent molecules of 2). :t has been pro-

posed that there exists a relationship between exo::volic 0 :0 bon)d

angles and 3PNMR chemical shifts in cyclophosphazenes. 11" The 31 ,J

NMR data for 1 and 2 are civen in Table '_11 and one inceed finds a

significant chemical shift difference for the OR(N-IMMe 3) (Ai)cen)-

ters, but any attempted correlation with the exocyclic N:'N angle

should be viewed with caution since all these bond angles in 1 and 2

lie within three stand and deviations and hence mist be considered

statistically Indistinguishable.

Tne range of bond lengths in unconstrained silicon-n~trocen

fragments is 1.688-1.7594,17 so the value observed f~or 1. ,.757' 5))

is 6,nongst the longest of these bonds. 4,n a-abooous sr;:ue:---on oc curs

inr tisilylami no cen-ters where one of the silicon atoms has silicon--

fluorine bonts. 7_n these cases, the siflion-7ftocen bindt to the

fluornatedsili'.con center is shcrz7- an)d '--ereiin

nitroo:en iod s 1oncer.1-.1 tne exocvclic hshr-iro n

distances :n I andt 2 are equi _valent., rhIe delocaliza'tion 2' tine exc-

cv-i n:-rozen _'2e Ca:r of ee:cn s eojc:Va"=en in each) caSe.

;:tnojch extenzed 3ik acltossoottn r~ f n

o Ea:r electrn-C si7 to _:lCo- 37t

a tet-_er r ac-ector --an tine l)cetrndheI::ic-

-~ -e z

5~
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sity tc the silicon atom. Cornetition for nitroen lone electron

pairs between phosphorus and acyl centers have also been investigated

by structural studies.2 1 A rough correlation between short silicon-

nitrogen bond lengths and increased percentage s character has been

noted. 17 If this effect were operative in i, the more electroneative

P(V) would direct more p character to the P(2)--N(3) bond hence

causing an increased s character in the N(3)-Si bond.22 Since a long,

rather than short, silicon-nitrogen bond is observed it appears reaso-

nable to ascribe the variatioms in exocyclic nitrogen lone pair delo-

calization described above as being reasonable for the long

silicon-nitrogen bond length.
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Table 1. P::y %-i*:z

Atorn x

C1(0) C.0869(1) 0.2B 6 2

P(2) 0.00 0J2~3 ~

Si -0.0773(2) -0. 20 . .. .

N(.) 0.020 0. 3o;2D 0. -.

N(2) 0.0702(3 -0.018-?) "

N(3) -C.0483(4) -0.25743(7) o.6U:>: .

C(I) 0.0371(6) -5.226') . :: . -
U(2) -0.1043(4) -0.27() 0. 5 1 5 ?

C(2) _ ' = ' ]..

C(3) -0.1557(6) -0.431(1) 0.

a Anisotropically refinel atoms are cive- un 2he c:................

Sthermal parameter J-"ne: --s: 4.,7
c2 B(3,3) + acccs beta)*B3 ,31; aS--ors 73e -t' :fl = S-: .e:- -

isotropically.

* .- °



able 2 . -: is*a-ces? a= 4-;1ges Oeg) for 2,2-N --I N-SiMe,) a
3.,4 32

Si N(3) 1.757-5)

.. 71 si C(i) 1.861(7)
rSi C(2 1.848(7)

S5. ',5) Si C(3) 1.856(7)

- N(3) H(10) 0.75(6)

C(2) 109.1(3)

Si C(3) 104.5(3)

. :. 0() Si r(2) 110.6(3)

.- ") Si C(3) 112.2(3)

S-.. C(2) Si C(3) 110.4(4)

.. . < ] r'(i] P(!) 117.4(4) ''

------ ( N'(2) P(2) 125.0(3)

--- -N ) 130.7(3)

2 - . ": ) N ( ) H(IS) 115.(5)

.,~~r 7Z ." '

.. .. . . . . . .----- _ - the east- sioni-



Table III. Selected 3PNNR data for comp~ounds I and 2.

Comound 6UOP(NHMMe )a 6C
____ 3___ 2__ PP -

1 9.4 22.1 50.9

2 2.3 19.6 44.7

a. in ppm b. in Hz

,rs,
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