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Deprotonation of bis(tert-butylamido)cyclophosph(lll/lll)azane with organolithium or organomagnesium reagents
followed by oxidation with elemental tellurium is a viable approach to the preparation of metal cyclodiphosphazane
mono- and ditellurides. The reaction of the cyclodiphosph(lll)azane ['Bu(H)NP(z-N'Bu),PN(H)'Bu] (1) with elemental
tellurium in boiling toluene affords the monotelluride ['Bu(H)N(Te)P(«-NBu),PN(H)Bu] (9). A similar reaction involving
the magnesium salt Mg['BuNP(x-N'Bu),PN'Bu](THF), (2) also yields a monotelluride Mg['BuN(Te)P(«-N'Bu),PN'Bu]-
(THF), (10). By contrast, reaction of the lithium salt Liy['BuNP(z-NBu),PNBU](THF), (3) with tellurium results in
double oxidation and the formation of the ditellurides Li['BuN(Te)P(x-NBu),P(Te)NBu](THF), (11) and Li,-
[BUN(Te)P(u-NBu),P(Te)N'Bu](tmeda), (12). Compounds 9-12 have been characterized by multinuclear (*H, “Li,
13C, 3P, and '?°Te) NMR, while 9, 10, and 12 have also been characterized by X-ray crystallography. The structure
of 9 reveals a typical cis/lendo,exo arrangement, with no intermolecular contacts to tellurium. The seco-heterocubic
structure, observed in 2, is retained in 10, with the ligand chelating magnesium in an N,N',N""-manner. Unique
coordination behavior is exhibited by the ditelluride 12, in which the dianionic ligand is attached to the two lithium
centers in both Te,Te' and Te,N bonding modes. Multinuclear NMR data are consistent with retention of the solid-
state structures of 9-12 in solution at low temperatures. The reactivity of cyclodiphosph(lll/lil)azanes toward
chalcogens is rationalized by using theoretical calculations (semiempirical PM3 level of theory), which show an
inverse correlation between the charge at the phosphorus center and the ease of oxidation.

Introduction By thf Bu By thf
L , BUHN 'ﬁu NH'Bu \N\Mg/thf thf_ N— /_I_i
Dianionic cyclodiphosph(lil/lll)azanes formed by depro- NN Busl ] TN
tonation ofl have been studied extensively as ligands for s- \‘N/ .L- ~hivBu i/p. —NBu
and p-block elementg as well as transition metats® These Bu ‘BuN/\P/ BuN—p
complexes typically involve chelation of the element through 1 2 3

the exocyclic nitrogen atoms. Additional coordination by an
endocyclic nitrogen atom may also occur to give a seco-
heterocube arrangement, e.g. the magnesium2sakor
monocationic lithium, the exocyclic nitrogen atoms bridge
two lithium centers, giving the heterocuBé

The P(I11)/P(I1l) systeml® is readily oxidized by elemental
sulfur or selenium to give the corresponding P(V)/P(V)
analogueg® and5.72We’ and othershave initiated studies
of the coordination chemistry of anions derived from these
multidentate ligand$.The bonding mode to alkali-metal
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centers varies depending on the cation. For larger cationscontain acidic protons, which would permit anion formation.

such as potassium, N;Nhelationl, and E,E chelationll

are observed, whereas N,E chelatltn is favored for the
smaller lithium cation, presumably due to the smaller bite
angle of the—N—P—E— motif in lll compared to those in
the alternative chelation modésandll .
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More recent studies have involved mixed oxidation state
systems, e.g'Bu(H)NPu-N'Bu),P(Se)N(HBu, which is
readily generated by disproportionationbfnd5 in a 1:1
molar ratio? The monosulfide analogue cannot be prepared
via this method, however, highlighting the increased lability
of the P=Se bond compared to the=fS interaction. The
even weaker nature of=PTe interactions is demonstrated
by the utility of phosphine tellurides as tellurium transfer
agents® This is also underlined by the absence of studies
involving the elusive ditelluroimidodiphosphonate ani®n
(E = Te), the ligating properties of which have been
extensively studied for the oxo, thio and seleno analogties.
In addition, only a small number of structurally characterized
compounds involving terminal #¥Te bonds have been
described?1516a

The few reported studies of cyclodiphosphazane tellurides
have involved exocyclic halid€® alkyl,*27 or secondary
amind?® groups on phosphorug, These substituents do not
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Trans.1996 2893-2901.

(12) (a) Pohl, SZ. Naturforsch.1978 37h 610-613. (b) Pohl, SZ.
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However, tellurophosphinic amideés have been prepared
and, subsequently, complexed to group 12 metal cetfters,
confirming the chelating potential of the [RANP—Te—]"~
arrangement. As a follow-up to a communication on the
preparation of the first examples of the monoantofR =

Ph, E= Te) and the dianion'BuN(Te)P{-NBu),P(Te)-
NBu]?~,'® we now report full details of the synthesis and
spectroscopic and structural characterization of the mono-
telluride 9 and its magnesium complebQ, as well as the
dilithium derivativesl1a,band12. The successful synthesis
of 10—12 required the formation of the metalated reagents
2 and 3 prior to oxidation with elemental tellurium. This
synthetic approach is rationalized via theoretical calculations.
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Experimental Section

Reagents and General ProceduresSolvents were dried and
distilled over Na/benzophenone prior to use: tetrahydrofuran (thf);
toluene;n-hexane. Tellurium powder was used as received from
Matheson, Coleman & BelN,N,N',N'-Tetramethylethylenediamine
(tmeda) was used as received from Aldrich. The tbisputyl-
amido)cyclodiphosph(lll/Ill)azane&u(H)NP-NBu),PN(H)Bu]
(1),5° Mg['BUNP{-NBu),PNBu](thf), (2),2 and Li['BUNP-
NBu),PNBu](thf), (3)2 were prepared by literature procedures. All
manipulations were performed under an argon atmosphere using
standard Schlenk techniques.

Instrumentation. H, 13C, 3P, 7Li, and 125Te NMR spectra were
recorded on a Bruker DRX 400 NMR spectrometer, with chemical
shifts reported relative to M8&i in CsDg (*H and'C), 85% HPOy
in D,O ('P), 1 M LiCl in D,O (Li), and neat MgTe (1%5Te).
Elemental analyses were provided by the Analytical Services
Laboratory, Department of Chemistry, University of Calgary.

Preparation of ['Bu(H)N(Te)P(u-N'Bu),PN(H)!Bu] (9). A
mixture of 1 (0.500 g, 1.43 mmol) and Te powder (0.370 g, 2.90
mmol) in toluene (10 mL) was heated at 8C for 17 h. After
being cooled to 23C, the mixture was centrifuged and decanted
to remove unreacted tellurium. The resulting pale yellow solution
was slowly concentrated to3 mL and kept at-15 °C for 18 h.

(19) Briand, G. G.; Chivers, T.; Parvez, Mngew. Chemint. Ed. 2002
41, 3468-3470.
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The solution was then centrifuged and decanted to remove Table 1. Crystallographic Data fo® and 10-thf

crystallized1 and pumped to dryness. The resulting pale yellow
powder was dissolved in-hexane (3 mL) and kept at15 °C for

18 h to give yellow crystals 08. The X-ray-quality crystals were
then removed by filtration and pumped dry (0.033 g, 0.069 mmol,
5%). Anal. Calcd for GsH3gN4P,Te: C, 40.43; H, 8.05; N, 11.77.
Found: C, 40.61; H, 8.06; N, 11.68. NMR data {[Dluene, 225
K): 'H NMR, d = 1.01 (s, 9H, NBu), 1.04 (d,*Jyp= 1.3 Hz, 9H,
NBU), 1.66 (s, 18Hu-NBU), 2.98 (d,2Jup = 7.6 Hz, 1H, NH),
4.04 (d,24p = 19.7 Hz, 1H, NH); 3C{1H} NMR, ¢ = 30.6 (dd,
3Jcp=4.7Hz,3)c p= 4.7 Hz,u-NCMey), 31.3 (d,3Jcp= 4.3 Hz,
NCMe;), 32.0 (d,3Jcp= 10.3 Hz, NMe3), 52.1 (d,2Jcp = 16.4
Hz, NCMey), 55.0 (dd2Jcp= 11.8 Hz,2Jc p= 2.7 Hz,u-NCMey),
56.3 (d,2Jcp= 13.3 Hz, NCMey); 3P NMR, 6 = 87.1 (s),—39.7

(d, lJp'Te: 2024 HZ,ZJPYH =20 HZ), 125Te NMR, o= —188 (d,
1J'|'e,p: 2010 HZ)

Preparation of {Mg['‘BuN(Te)P(-N'Bu),PN'Bu](THF) 5} -thf

(10-thf). A mixture of 2 (0.282 g, 0.548 mmol) and Te powder
(0.140 g, 1.10 mmol) in thf (10 mL) was heated at®Dfor 4 h.
After being cooled to 23C, the mixture was centrifuged and
decanted to remove unreacted tellurium. The resulting yellow
solution was kept at-15 °C for 18 h to give yellow crystals of
10-thf (0.076 g, 0.11 mmol, 19%). Anal. Calcd for 4Eleo-
MgN4OsP;Te: C, 47.06; H, 8.46; N, 7.84. Found: C, 46.70; H,
8.27; N, 8.07. NMR data ([E}tetrahydrofuran, 298 K):H NMR,
0 =1.22 (s, 9H, NBu), 1.42 (s, 9H, NBu), 1.52 (s, 18Hu-N'Bu),
1.78 (m, CHCHy), 3.62 (m, QCHy,); 13C{'H} NMR, 6 = 31.8 (dd,
3chp= 5.7 HZ,3\]Qp= 5.6 HZ,‘M-NCMeg), 34.6 (d,3chp= 9.4 Hz,
NCMe;), 36.2 (d,3Jcp= 12.4 Hz, NQMe;), 53.6 (s, NCMe3), 54.7
(s, NCMe3), 55.5 (d,2Jcp = 14.9 Hz, NCMe3); 31P{*H} NMR, o
= —26.2 (d,"3p re= 1856 Hz,2Jp p= 15 Hz), 107.3 (d}Jpp= 15
Hz); 1%5Te NMR, 6 = —137 (d,'Jrep= 1851 Hz).

Preparation of Li ;['BuN(Te)P(u-N'Bu),P(Te)NBu](thf) 4 (11).

A mixture of 3 (0.500 g, 0.992 mmol) and Te powder (0.252 g,
1.98 mmol) in thf (10 mL) was heated at 8 for 4 h. After being
cooled to 23°C, the mixture was centrifuged and decanted to
remove unreacted tellurium. The resulting deep yellow solution was
slowly concentrated to 3 mL, layered with 4 mL iwhexane, and
kept at—15 °C for 18 h to give yellow crystals af1. NMR data
([Dgltetrahydrofuran, 235 K) are as followsla 3'P{H} NMR,

0 = —50.0 (s,"Jp.1e= 1790 Hz);'%5Te NMR, 6 = —124 (d,"Jrep

= 1790 Hz).11b: 3P{'H} NMR, 6 = —62.9 (s,%Jp1e = 1551
Hz), —52.0 (d,"Jp.1e = 1797 Hz,2Jpp = 6 Hz); 15Te NMR, 6 =
—245 (d, rep= 1524 Hz),—135 (d, Jrep = 1775 Hz).

Preparation of Li ;['BuN(Te)Pu-N!Bu),P(Te)N\Bu](TMEDA) »
(12). Compound 12 was prepared as described previously.
Complete multinuclear NMR data are as follows {Jioluene, 235
K): H NMR, 6 = 1.62 (s, 9H, NBu), 1.97 (s, 9H, NBu), 2.18 (s,
18H, u-N'Bu), 2.20 (s, 12H, We,), 2.30 (s/br, 8H, NEly); 3C-
{H} NMR, 6 = 31.8 (s,u-NCMe3), 34.2 (d,3)cp = 11.2 Hz,
NCMe;), 34.8 (d,3Jcp = 12.8 Hz, NQVie3), 47.5 (s/ br, Mey),
53.8 (s,u-NCMes), 55.8 (d,?Jcp = 21.2 Hz, NCMej3), 56.3 (d,
2Jcp = 20.4 Hz,u-NCMe3), 56.3 (s, NCHy); 3P{H} NMR, 6 =
—113.7 (d,Jp e = 1467 Hz),—75.3 (d,Jp1e = 1309 Hz);Li
NMR, 6 = 0.70, 3.88;1%Te NMR, 6 = —289 (d,Jrep = 1352
Hz), —87 (d, Jrep = 1486 Hz).

Theoretical Calculations.Calculations were performed by using

the HyperChem 6.0 Professional Release (HyperCube, Inc.) soft-
ware package. Geometry optimizations were performed at the PM3

and AM1 (M = Li) (semiempirical, unrestricted Hartre€&ock)
level of theory. Initial parameters for model complexes M[RP(
NMe),PR] (A) and M[R(Te)Pg-NMe),PR] (B) were derived from

9 10thf
formula C16H38N4P2Te C28H60M9N403P2Te
fw 476.05 714.65
space group P2,/c (No. 14) P2;/c (No. 14)
a, 9.486(2) 14.7600(4)
b, A 15.535(3) 11.8940(6)
c, A 15.961(2) 20.375(1)

B, deg 91.40(1) 93.023(1)
vV, A3 2351.6(7) 3572.0(3)
z 4 4

F(000) 976 1496
ealca g CNT3 1.345 1.329

u, mmt 1.41 0.972

T, K 170 153(2)
A 0.710 69 0.71073
R:2 0.037 0.0501
Ru;PWR2® 0.04% 0.1159

2Ry = [Y|IFol — IFell}/[3Fol] for I > 20(1). ® Ry = [SW(|Fo| — |Fcl)?
ISWFAY2 cwRy = {[W(Fo? — FAA/[IW(FA)?} Y2 (all data).

crystal structure data of known compounds. Methyl groups were
substituted fottert-butyl groups to minimize computing time.

X-ray Structural Analyses. Crystals of9, 10-thf, and11 were
coated with oil (Paratone N, Hampton Research) and mounted on
a glass fiber. Measurements were made on Rigaku AF@Kand
Nonius KappaCCD X0-thf and 11) diffractometers using mono-
chromated Mo K radiation. Crystallographic data (f@rand 10
thf) are summarized in Table 1.

9. Data were measured using—26 scans. A decay of 4.7%
was observed, and a linear correction factor was applied. Cell
constants and an orientation matrix for data collection were obtained
from a least-squares refinement using the setting angles of 25
carefully centered reflections in the range 18226 < 21.2T.

The space group was uniquely determined from the systematic
absences. An empirical absorption correctfdrased on azimuthal
scans of several reflections was applied, and the data were corrected
for Lorentz and polarization effects. The structure was solved by
using direct method$ and expanded using Fourier technigées.
The non-hydrogen atoms were refined anisotropically. Hydrogen
atoms were included at geometrically idealized positions and were
not refined. Neutral atom scattering factors were taken from Cromer
and Wabef® Anomalous dispersion coefficients were those of
Creagh and McAuley? All calculations were preformed using the
teXar® crystallographic software package.

10-thf. Data were measured usipgandw scans. Cell parameters
were retrieved using the COLLEGTsoftware and refined with
the HKL DENZO and SCALEPACK softwar€.The space group
determination was based on a statistical analysis of intensity
distribution and the successful solution and refinement of the

(20) North, A. C. T.; Phillips, D. C.; Mathews, F. 3cta Crystallogr.
1968 A24, 351.

(21) SIR92: Altomare, A.; Cascarano, M.; Giacovazzo, C.; Guagliardi, A.
J. Appl. Crystallogr.1993 26, 343.

(22) DIRDIF94: Beurskens, P. T.; Admiraal, G.; Beurskens, G.; Bosman,
W. P.; de Gelder, R.; Israel, R.; Smits, J. M. Nlhe DIRFIR-94
program systenilechnical Report of the Crystallographic Laboratpry
University of Nijmegen: Nijmegen, The Netherlands, 1994.

(23) Cromer, D. T.; Waber, J. Toternational Tables for X-ray Crystal-
lography; The Kynoch Press: Birmingham, U.K., 1974; Vol. IV; Table

5

2.5.

(24) Creagh, D. C.; McAuley, W. Jinternational Tables for X-ray
Crystallography Wilson, A. J. C., Ed.; Kluwer Academic Publish-
ers: Boston, MA, 1992; Vol. C, Table 4.2.6.8, pp 21Z22.

(25) teXan: Crystal Structure Analysis Packag®lolecular Structure
Corp.: The Woodlands, TX, 1985, 1992.

(26) COLLECT data collection softwar&onius BV: Delft, The Nether-
lands, 1998.
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structure. Data reduction was performed with the HKL DENZO
and SCALEPACK software, which corrects for beam inhomoge-
neity, possible crystal decay, and Lorentz and polarization effects.
A multiscan absorption correction was applied (SCALEPACK), and
the transmission coefficients were calculated using SHELXL97-
228 The structure was solved by using direct methods (SIR-97)
and refined by the full-matrix least-squares methodF8nwith
SHELXL97-2. The non-hydrogen atoms were refined anisotropi-
cally. Hydrogen atoms were included at geometrically idealized

positions and were not refined. T_he isotropic thermal parameters Figure 1. ORTEP diagram o (30% probability ellipsoids). Only the
of the hydrogen atoms were fixed at 1.2 times that of the ¢ carhon atoms ofBu groups are shown.

corresponding carbon or nitrogen atoms. The methyl carbon atoms
of one'Bu group (labeled as C41, C42, C43, C4142, and C43) of crystals of10 is very low in Paratone oil (employed for
were disordered over two siFes with partial occupancy_factors of mounting crystals on glass fibers). The reactiorBofith
0.56(2) and 0.44(2), respectively. Neutral atom scattering factors gjementa tellurium under similar conditions proceeds further,
for no_n-hyqlrogen atoms and anomalous dlspersmn coefficients aregiving the ditelluridell, which is extremely air and moisture
contained in the WinGX v1.64.62program library. o . . ' .
sensitive. Reaction mixtures and solutions of the impure
product in thf are stable at 2%; however, the crystalline
product was too thermally unstable for the determination of
Synthesis.The preparation of phosphine telluridesPR e elemental analysis. Solution NMR data were collected at low
typically involves reaction of the phosphine with elemental temperature. A similar reaction in the presence of tmeda also
tellurium powder3a150.16a17.18The reaction of bigért- afforded a ditelluride speciei? isolated in ca. 20% yiel&?
butylamido)cyclodiphosph(lll/lIl)azanel) with 2 equiv of These crystals are much more stable tdnin the solid
tellurium powder in toluene at 80C for 17 h produces the  state and in solution. In contrast to the behaviorlpf!P
monotellurided in < 5% isolated yield. AP NMR spectrum NMR spectra of reaction mixtures revealed that the metalated
showed that the reaction mixture contains primarily unreacted reagent2 and3 are completely consumed in the reactions
1. Variations in the duration or temperature of the reaction with elemental tellurium. Consequently, we attribute the low
did not improve the yield oB. This compound is stable yields of compound40—-12 to the difficulties involved in
indefinitely in the reaction mixture solution and, surprisingly, isolating pure samples of these highly air-sensitive complexes
is air-stable for short periods of time. Decomposition to give from the reaction mixtures.
elemental tellurium occurs immediately when attempts are  X-ray-quality of crystals 08, 10-thf, and12 were obtained
made to redissolv® at 23°C. However, the monotelluride  from reaction mixtures after removal of unreacted tellurium.
is stable in [R]toluene at low temperature, which has allowed For compound, unreacted was removed from the reaction
the collection of solution NMR data (vide infra). mixture by fractional crystallization to prevent cocrystalli-
Metal salts of cyclodiphosph(V/V)azane dioxides, disul- zation with the desired product from-hexane solution.
fides, and diselenides are prepared by the reaction of bis-Owing to the high reactivity oflO-thf and 11 in Paratone
(alkyl- or arylamido) derivatives with organoalkali metal or 0il at room temperature, low-temperature techniques were
other deprotonating agerts.In view of the instability of required for crystal manipulation and data collection.
the monotellurid® in solution, and the unavailability of the Structural Analysis. The structure 09, shown in Figure
corresponding ditelluride, preparation of metal salts of 1, is monomeric in the solid state with no significant
cyclodiphosphazane tellurides via this method is impractical. intermolecular interactions. The exocyctliert-butylamido
As an alternative route, the oxidation of the metal derivatives functionalities adopt an endo,exo arrangement, which is also
2 and 3 with elemental tellurium was chosen. found for 4° and 5.2 Bond lengths and bond angles fér
The reaction of2 in thf at 80 °C for 4 h gives the are compared with those dfin Table 2. The telluriur

cyclodiphosph(ll1/V)azane monotellurid®in ca. 20% yield. ~ phosphorus bond distance of 2.370(1) A is at the upper limit

Unlike 9, this magnesium complex undergoes minimal ©f the range of values observed for other phosphine tellurides

decomposition in thf solution at Z&. However, the stability ~ [2.288(5)-2.368(4) A]i2715162 while the P-Nexo bond
distances [P(HN(3) 1.639(4); P(2XN(4) 1.655(4) A] are

(27) HKL DENZO and SCALEPACK v1.96: Otwinowski, Z.; Minor, w.  typical for P(V)-N and P(lll)-N single bonds in these

Processing of X-ray Diffraction Data Collected in Oscillation Mode system§:8 Also, the—Nendg—P—Nexo bond ang|es involving
?;Aetth °df;'“\,5”3ym%'°g’”§’ |.R27,s|: ME"’Zfr"rR"'eg“'a-r CFEySta”"grap'gy- the P(lll) center are ca. S5maller than those involving
arter, C. W., Jr., Sweet, R. M., Eds.; Academic Press: San Diego, A I ! '
CA, 1997; Part A, pp 307326. the P(V) center, reflecting the influence of the lone pair on
(28) Sheldrick, G. MSHELXL97-2 Program for the Solution of Crystal P(2)
Structures University of Gdtingen: Gitingen, Germany, 1997. : . . . .
(29) Altomare, A.; Cascarano, G.; Giacovazzo, C.; Guagliardi, A.; Moliterni, ~ The structure ofL0, depicted in Figure 2, shows retention

Results and Discussion

A.G. G, Burla, M. C.; Polidori, G.; Camalli, M.; Spagna, 81R-97 of the seco-heterocube arrangement observed in the precursor
A package for crystal structure solution by direct methods and 2 .
refinement Italy, 1997. 2.2 Bond lengths and bond angles ftd are compared with

(30) l?a\;\r/ug(ija, L-%WinGX \?1'6?5023(133200%)}% Intetgrat(tjadA Sylste,m . those of2 in Table 2. The TeP bond distance [2.385(2)
[0} INdOWS Frograms 1or the soluton, Rerinement an nalysis o H . .
Single-Crystal X-ray Diffraction Datal. Appl. Crystallogr1999 32, Alis marglnally longer than that 09. The Shortgnlng. Of.
837. P—N bond distances at P(1) reflects the change in oxidation
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Table 2. Selected Bond Lengths (&) fdt, 2, 9, and 10-thf Preliminary studied! however, show two different isomers
1a 9 b 10-thf of Liy['BUN(Te)P{-NBu),P(Te)NBu](thf), in the asym-

P(1)-Te(1) 2.370(1) 2.385(3) metric unit. The first molecul&lashows the ligand chelating
P(1)-N(1) 1.763(6)  1.678(4) 1.782(4) 1.717(6)  each of the lithium atoms in a N,Te manner (made, as
P(1)-N(2) 1.743(5)  1.676(4)  1.748(4)  1.695(6) i NIt 7b
PL-NG) 1610(6)  16394) L6544  1620(7) observed for Li['BUN(S)P{-N Bu)zP(S)NBq](thf)4. Thg
P(2)-N(1) 1.725(5)  1.758(4) 1.778(4)  1.784(6) second moleculélb, however, shows two different bonding
P(2-N(2) 1.702(6)  1.753(4)  1.760(2) 1.781(6)  modes for lithium. Here, the first lithium center is chelated
P(2)-N(4) 1.710(5)  1.655(4)  1.658(4)  1.649(7) ; i
Ma()-N(3) 2061(d) 2.129(6) ina .N,Te manner (modgl ), while the segond is bound to
Mg(1)—N(4) 2.059(4)  2.063(6) the ligand in a Te,Tananner (moddl ). This represents an
Mg(1)---N(1) 2.330(4)  2.423(6) unique combination of bonding modd¥{ for dianions of
N(3)—P(1)-Te(1) 104.3(1) 119.5(2) the type [(BuUN)(E)P-N'Bu),P(E)(NBu)]*".
N(1)—P(1)-Te(1) 119.6(1) 120.4(2)
N(2)—P(1)-Te(1) 119.7(1) 115.5(2) R @ NR
N(1)-P(1)-N(3)  104.7(3)  114.3(2) 96.5(2)  101.4(3) Ne N/
N(2)-P(1)-N(3) 105.3(3) 114.6(2) 105.6(2)  110.5(3) e
N(1)-P(2-N(4)  105.03)  104.7(2) 95.8(2) 96.9(3) N o \E
N(2)-P(2-N(4) 105.03) 105.5(2) 106.1(2)  105.7(3) v
N(1)—Mg(1)—N(3) 71.1(2) 68.9(2) M
N(1)~Mg(1)—N(4) 70.8(1) 69.4(2) v
N(3)—Mg(1)—N(4) 124.6(2)  122.4(3)

2 Reference 5& Reference 2. In contrast tol1, crystals of12 were sufficiently stable

and of suitable quality to allow for a definitive structural
characterization. The structure B2, which was reported in
the preliminary communicatioH,is similar to that of11b,
with a chelating tmeda ligand replacing two thf molecules
coordinated to each lithium atom. The dianionic ligand
chelates two lithium centers in Te,N and T€,ieanners,
thus verifying the preliminary evidence for bonding mode
IV in 11b. The P-Te bond distances [2.4243(7) and 2.4515-
(8) A] are significantly longer than those i and 10,
suggesting weak phosphorttllurium bonding interactions.
Further, the P-N bond distances to the “exocyclidért-

7 butylamido groups are exceptionally short [1.534(2) and
Figure 2. ORTEP diagram 010 (30% probability ellipsoids). Only the 1.574(2) A] compared to those i 2, 9, and 10 [1.620-
a-carbon atoms oBu groups are shown. The lattice thf molecule is not  (7)—1.710(5) A] (Table 2), suggesting double bond character.
shown. Multinuclear NMR Studies. All NMR data were col-
lected at low temperatures to enhance resolution of small
spin—spin couplings. Further, the monotellurid® was
dissolved in the NMR solvent at 225 K to prevent decom-
position. The NMR data are consistent with retention of the
solid-state structures 0d—12 in solution. However, the
equivalence of the cyclodiphosphazae#d-butyl groups in
the 'H NMR spectrum of10 at 300 K suggests a labile
intramolecular Mg:+N interaction, as observed f@? The

state to P(V). This is also accompanied by an opening of
the N(1/2)-P(1)-N(3) bond angles compared to thosejn
creating a further distortion from an ideal seco-heterocubic
arrangement. As i, the ligand chelates magnesium in an
N,N',N" manner; however, the bond distance to the endo-
cyclic nitrogen Mg(1)-N(1) is significantly longer [2.423-
(6) A vs 2.330(4) A in2). This is countered by a shortening
g;?gf%ge_t(r)a(ﬁg a?gigzt;gfoengz‘[?;:ﬁggﬁgi|\21(?1§)§|(t‘2 A retgntion of the two PTe ponds ipll and12in solution is
angle in10 [122.4(3Y] is slightly smaller than that of |1r21;j|cated by thg observatul)n of S'l"z‘?'e resonances Witk
[124.6(2)]. Also, the Mg-N(3) bond distance [2.122(6) A] T coupling in both thé’P and*Te NMR spectra.
in 10is significantly longer than MgN(4) [2.063(6) A] and For compoundll, resonances corresponding to both
the Mg—N(3)/N(4) [2.061(4)/ 2.059(4) A] distances & isomers,11a,h are identifiable in thé'P and'?Te NMR
presumably due to the opening of the N(HB)(1)-N(3) spectra in [R]thf. The observation of an approximately 1:1
bond angles on oxidation (c8). The geometry around the ratio of 11ato 11bin the *P NMR spectrum at 225 K is
magnesium center may be considered distorted trigona| consistent with the presence of equal amounts of both isomers
bipyramidal, with N(3), N(4), and O(1) occupying the as found in the solid-state structi¥eHowever, this ratio
equatorial sites and N(1) and O(2) in the axial positions. changes to 1:3 at 298 K suggesting that an isomerization
Crystals of11 were thermally unstable, decomposing to Process occurs in solution. By contrast, only one set of
give black elemental tellurium when removed from the
reaction mixture. Despite the manipulation and collection (31) Crystal data foll: CesHiad isNsOsPsTes, fw = 1801.92 g mot?,
of X-ray crystallographic data at low temperature, the crystals grlyzt(‘;"é(?ff”:‘ gg'%g%’” % - 2'2?218(15()5{&';’ ::8%9'3%%3(557)’ éi 2
were insufficiently stable to give a satisfactory data set. dealc = 1.333 g e,
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Table 3. Calculated Charges on Phosphorus(lll) Centersifand B complex3. This process involves sequential oxidation of the
X M A B Te atoma two phosphorus centers. Therefore, the charges at the P(lll)

NMe > H 0.680 0739 1 center were calculated for a series of cyclophosph(lll/V)-
NMe Mg 0.610 0.655 1 azane monotellurideB (X = NMe; M = 2 H, Mg, 2 Li). In
me %'&'I 8-%? 0701 20 each case the oxidation of the first phosphorus atom is
tBue = 0.545 0.560 ® accompanied by an increase in the charge (i.e. decrease in
Me 0.549 0.612 2 electron density) at the second phosphorus center. Although
Me, CI 0.687, 0.860 0.909 4 this does explain the stability of the monotellur@ig+0.739
aDetermined experimentall.AM1 level of theory.c Reference 3. charge at P(lll)], the corresponding charges T6rand 11

¢ Reference 1212 Reference 17H.Attached to PMe. are lower and similar€0.655 and+0.626, respectively).

Thus, a similar degree of oxidation would be expectedfor

toluene, consistent with retention of the solid-state structure and3. This is not t.he case, hoy\(e\{er, and other fa.lctor.s such
in solution. as the conformation of the dilithium monotelluride inter-

The value oftJ(IP—12Te) decreases in the order 10 mediate or the stability of ditelluride products may be

> 11a~ 11b> 12 (2024, 1856, 1790, 1797/1551, and 1467/ nfluential. o .

1309 Hz, respectively), indicating a decrease in s-orbital To further test our hypothesis, similar caIcu_Iauons were
character of the PTe bond, with the weaker couplings for performed On precursors of othe_r known cyclodiphosphazane
the ditelluride species falling below the observed range for maono- and dltellurlde§. Cyclod|phosph(|||/t|II)azanes con-
phosphine tellurides (16632095 Hz)32 This trend follows taining electron-donating alkyl groups (> 'Bu and Me)

the order of increasing -PTe bond lengths fo®—12, as were found to have lower positive nuclear charges on
determined by X-ray crystallography. Further, ééFTe phosphorus than those with amido groups (see Table 3).

signals (87 to —289 ppm) are downfield from those Consequently, it is not surprising that ditelluride species were

H 17b i
b d for tris(alkyl)-, tri I)-, and tri ido)ohosphi isolated from these precursdf&l’ Also, in the unsym-
?ellsiﬁir(\jlgs g;ég%_}/gg?fé?n%z) and tris(amido)phosphine metrical cyclodiphosph(lll/ [l)azane (% Me and Cl), the

strongly electron-withdrawing halide produces a large posi-
tive nuclear charge on the adjacent phosphorus center,
resulting in the isolation of the monotelluride [MeP(Te)(
NBu),PCI].*"* In the case of the zirconium and halfnium
dichloride derivatives of the bisgt-butylamido)cyclodiphos-
ph(llli/lll)azane dianion, which have seco-heterocubic struc-
tures similar to that of the magnesium salt attempted
oxidation with oxygen and sulfur (i.e. stronger oxidizing
agents than tellurium) was reported to be unsuccessful.
These observations are also consistent with the calculated
high positive nuclear charges at the phosphorus centers

resonances was observed in the NMR spectrE2af [Dg]-

Theoretical Studies.To provide some insight into our
observations regarding the reactions of cyclodiphosph(lll)-
azanesl—3 with elemental tellurium, theoretical studies
(semiempirical PM3 level of theory) were carried out. One
issue involves the relative reactivities of cyclodiphosph(lll)-
azanes toward elemental telluriuftP NMR studies of
reaction mixtures oB show that approximately 70% df
remains unreacted after 18 h. In the synthesis@nd11,
on the other hand® and3 are completely consumed after 4
h. These observations may be rationalized in terms of the

relative nucleophilicity of the P(lll) centers ih—3. The £0.751) which It he el ithdrawi p
formation of a phosphine telluride involves a nucleophilic (+0.751), whic result from the electron-withdrawing effect
of the transition metal and the larger covalent character of

attack of the phosphorus(lll) center on elemental tellurium. the Zr—N and HE-N bondi d 1o that of the lithi
Consequently, an increase in electron density at the phos- € s~V an onding compared to that ot the fithium

phorus center is accompanied by higher reactivity. Calculated _and magnesium salts. The expenmental af_‘d _theoretlcal data
charges at the phosphorus centerd-e88 (Table 3, cyclo- in Table 3 suggest that there is an upper limit (.)ff@‘m
diphosph(lll/V)azaneA) show lower values fo2 and 3 for the eff_ectlve nuclgar cha_rge at phosphorus n our ”.‘Ode'
(+0.610 and+0.626, respectively) compared1d+0.680), abpve vyhm_h phosphineelluride species are not agce_smble.
indicating larger electron densities and higher nucleophilici- This gpldellne may, therefore, be helpful n p_red|ct|ng the
ties. This increased electron density is attributable to the formation of cyclodiphosphazane tellurides with other sub-

partial negative charge on the ligand in these largely ionic stituents (X) or different metal centers.
Li and Mg complexes. As a result, the yieldsIdd and11 Conclusions

observed vig'P NMR are much higher than that 6f . o . o )
The reaction of lithium or magnesium derivatives of bis-

/M\x M (tert-butylamido)cyclodiphosph(lll)azanes with elemental

X /“,ﬂ'e\/ x\ Ne /X tellurium is an effective route to the synthesis of tasf
~Nn~ P<N>P\\T butylamido)cyclodiphosphazane telluride anions. X-ray crys-
Me Me © tallographic studies show relatively weak-Pe bonds for
A B the metalated derivatives, retention of the seco-heterocubic

structure inl0, and a novel Te, TéTe,N bonding model{)

for bis(imido)cyclodiphosph(V/V)azane dichalcogenides.

Multinuclear NMR studies confirm retention of the cyclo-

(32) Jones, C. H. W.; Sharma, R. Drganometallics1987, 6, 1419 diphosphazane telluride frameworks in solution. Preferential
1423. formation of the mono- or ditelluride species may be

A related point that requires clarification is the formation
of a ditelluride rather than a monotelluride from the dilithium
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rationalized in terms of the effective nuclear charges at the Dorothy Fox, Qiao Wu, and Dr. Raghav Yamdagni for
P(lll) centers, which may be employed as a guideline for assistance in collecting NMR data, and the Natural Sciences
predicting the accessibility of related cyclodiphosphazane and Engineering Research Council of Canada and the
tellurides. Further, this new synthetic approach may be University of Calgary for funding.
applicable to the preparation of previously inaccessible
imidophosphine(V) telluride anions. Supporting Information Available: X-ray crystallographic files

in CIF format for9 and 10-thf. This material is available free of
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